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A B S T R A C T

Complementary plant-based medicine is used in developing countries to address healthcare challenges and 
limited access to conventional medicines. Moringa oleifera has been studied for its anti-diabetic properties, but 
human studies are limited. This study evaluated the long-term effect of daily M. oleifera leaf powder consumption 
on glycemic control in Sahrawi women with type 2 diabetes. A 3-month unblind randomized controlled trial was 
conducted with 45 Sahrawi women treated with oral glucose-lowering drugs. Participants were divided into two 
groups: an experimental group (30 women) and a control group (15 women). The experimental group received 
10 g of M. oleifera leaf powder daily, while the control group did not consume Moringa. Anthropometric and 
glycemic parameters (fasting glucose and glycated hemoglobin) were measured at baseline and after 3 months. A 
proximate and phenolic analysis of plant material was also performed. M. oleifera leaves were rich in protein, 
fiber, and quercetin- and kaempferol-glucosides. After 3 months, the experimental group showed a significant 
reduction in body fat (-1.5 %, 95 %CI: − 2.5, − 0.5, p < 0.001) and improved glycated hemoglobin levels 
(-0.59 %, 95 %CI: − 0.93, − 0.25, p < 0.001), while these parameters remained unchanged in the control group. 
In conclusion, daily M. oleifera consumption, alongside drug therapy, may improve glycemic control in type 2 
diabetes. Further studies are recommended to confirm these findings.

1. Introduction

The dual epidemics of obesity and type 2 diabetes pose significant 

public health challenges. The coexistence of these conditions, called 
"diabesity," is largely a result of lifestyle changes accompanying eco
nomic development [1]. Increased food availability, affordability, and 
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convenience, coupled with more sedentary lifestyles, have heightened 
the risk factors for both obesity and type 2 diabetes. Once predominantly 
affecting developed countries, diabesity now has global implications 
[2].

Lifestyle modifications, including dietary improvements and 
increased physical activity, are primary strategies for managing diabe
sity. However, the obesogenic environment often impedes the ability to 
maintain long-term lifestyle changes [3]. Pharmacological treatments 
with hypoglycemic drugs represent the second line of strategy for 
managing type 2 diabetes [4]. While effective, these drugs can produce 
undesirable side effects, particularly gastrointestinal disturbances [5], 
which may limit patient compliance [6,7]. Additionally, developing 
countries often face economic constraints and supply chain issues, 
limiting their ability to meet the growing demand for these medications 
[8].

Complementary and alternative plant-based medicines are 
frequently used in these regions due to their affordability, availability, 
and perceived safety [8]. Despite the widespread use of these traditional 
remedies, clinical data supporting their efficacy are often limited. 
Among these plants, Moringa oleifera. has garnered considerable interest 
for its potential antidiabetic properties. The leaves of this fast-growing 
tree, adaptable to various environmental conditions, are rich in alka
loids, flavonoids, tannins, phenolic acids, saponins, and glucosinolates. 
Traditionally used to treat numerous ailments, including diabetes, 
M. oleifera shows promise in preclinical studies [9]. These studies report 
significant improvements in blood glucose levels, both fasting and in 
response to glucose tolerance tests, in healthy and diabetic animal 
models [10–12]. However, there is a scarcity of high-quality human 
clinical studies in peer-reviewed journals. Some evidence suggests that 
M. oleifera may reduce postprandial glycemic response [13] and 
improve overall glycemic control [14], yet further research is needed.

Since 1975, the Sahrawi population has lived in refugee camps in 
Southwestern Algeria, a desert area. This population survives on inter
national aid, which supplies food and medicines. The prevalence of 
diabetes in this group is estimated to be between 7 % and 15 % [15], 
with a high proportion of undiagnosed cases [16]. Diabetes management 
is suboptimal, with only 10 % of women achieving the glycemic target of 
HbA1C < 7 % [17], due to unhealthy dietary habits and a health plan 
that falls short of international standards [17].

Given that M. oleifera also thrives in desert regions, confirming its 
antidiabetic properties could significantly benefit the Sahrawi popula
tion by improving dietary variety and glycemic control. Therefore, this 
study evaluates the long-term effect of daily consumption of M. oleifera 
leaf powder on the glycemic control of Sahrawi women with type 2 
diabetes.

2. Materials and methods

2.1. Subject recruitment

The subjects were Sahrawi volunteer women with type 2 diabetes 
living in the Smara and Bojador camps (Tindouf, Algeria). Participants 
were recruited in November 2019 through advertisements on bulletin 
boards at the dispensaries of Edchedería, Bir Lehlu, Mahbes, and Farsia 
in the Smara camp, and at the dispensaries of 27 Febrero and Lemsid in 
the Bojador camp. Clinical and nutritional assessments were conducted 
by a team from the International Center for Nutritional Status Assess
ment (ICANS, University of Milan), comprising two Italian physicians, a 
dietician, a nutritionist, and a laboratory technician, with support from 
local field workers fluent in Spanish and Hassania (the local language), 
who acted as interpreters. Participants underwent medical examinations 
to evaluate their diabetes history, anti-diabetic therapy, and comor
bidities. Blood samples were collected to determine glucose and gly
cated hemoglobin (HbA1c) levels. Eligible subjects were required to 
have had a type 2 diabetes diagnosis for at least one year and to be free 
of advanced retinopathy, terminal renal failure, active diabetic ulcers, 

amputations, and heart failure. Additionally, they should not be un
dergoing insulin therapy, but instead be treated exclusively with oral 
hypoglycemic agents. For ethical reasons, if the anti-diabetic therapy at 
recruitment was found inadequate for managing the current diabetic 
status, it was adjusted, and the women were re-examined after three 
months to assess the effectiveness of the new therapy. However, these 
participants were not included in the study. This study was conducted in 
accordance with the guidelines of the Declaration of Helsinki. The study 
was approved by the Ministerio de Salud Pública (Ministry of Public 
Health) of the Sahrawi Arab Democratic Republic (RASD) following 
evaluation by the medical committee of the Department of Chronic 
Diseases (protocol no. 1/2018 of November 10, 2018). At the time of 
participation, all participants provided written informed consent and 
the privacy rights of human subjects have been observed. The trial was 
retrospectively registered at clinicaltrial.gov (NCT06517602, 22/07/ 
2024)

2.2. Plant material

The leaves of M. oleifera were collected from plants experimentally 
cultivated at the Centro Experimental de Formación Agrícola (Experi
mental Center of Agricultural Formation, CEFA), an oasis created in 
2009 next to the Rabouni camp (Tindouf, Algeria). The underground 
water resources were used to cultivate trees. The leaves were dried 
through a shade-dried process at room temperature, and ground to a fine 
powder with an electric grinder.

One gram of fine grounded Moringa leaves was extracted with hex
ane, dichloromethane and methanol three times with 10 mL of solvent at 
a time; the three fractions of each solvent were collected and evaporated 
to dryness and then conserved in freezer at − 18◦C. 2.0 mg of methanolic 
extract were redissolved in 2.0 mL of pure methanol and used for HPLC 
analysis. HPLC analyses were performed on a Jasco HPLC-DAD appa
ratus equipped with PU-4180 pump and MD-4015 Diode Array detector, 
LC-MS analyses were obtained by a HPLC UltimateTM 3000 interfaced 
to LCQ Fleet ion trap mass spectrometer; in both instruments a Supelco 
AscentisTM C18 column (15 ×4.6 mm, 3 μm) was used. Eluent was a 
binary mixture composed of 0.1 % formic acid in water (A) and pure 
methanol (B), which was varied according to the following gradient 
program: 0–20 min B 10–35 %, 20–45 min B 35–50 %, 45–47 min B 
50 %, at a flow rate of 0.6 mL min-1 and 20 μl of injected volume.

A proximate analysis was performed to determine the nutritional 
composition of the leaf powder. In detail, moisture, ash, protein, lipid 
and fiber content was measured using official methods [18,19]. Carbo
hydrates were estimated by difference. Finally, total phenols quantifi
cation was performed on aqueous methanol (80 %) leaf extract using 
Folin-Ciocalteu method and gallic acid as standard [20].

2.3. Experimental design

Participants were allocated to either the experimental or control 
group according to a computer-generated randomized list. Fig. 1 illus
trates the number of participants randomly assigned to each group, the 
rate of study completion, and the number of patients analyzed for pri
mary outcomes.

Initially, 54 participants were assessed for eligibility. However, 2 
participants were excluded as they did not meet the inclusion criteria. 
Thus, 52 participants were recruited and randomly divided into the 
experimental (n = 35) and control (n = 17) groups with an allocation 
ratio of 2:1. The study lasted 3 months, conducted between November 
2019 and February 2020, with a total of 45 participants completing the 
study. The experimental group received a daily supplementation of 10 g 
of M. oleifera leaf powder, to be consumed with the two main meals. The 
control group was instructed to refrain from consuming Moringa leaves 
throughout the study period. Since it was not possible to use a placebo 
resembling M. oleifera while effectively masking its consumption in the 
experimental group, participants were aware of their group assignment. 
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The dose of 10 g was chosen based on previous experience in which we 
tested the effect of 20 g of M. oleifera leaf powder on postprandial 
glucose levels. While we observed a hypoglycemic effect in individuals 
with type 2 diabetes, we also noted a reduction in the sensory qualities 
and acceptability of the meal to which Moringa was added [13]. 
M. oleifera leaf powder tends to impart a bitter taste to food, which 
would likely have negatively affected treatment adherence. Therefore, 
we decided to reduce the dose by half. Participants in both groups were 
instructed to maintain their usual dietary and lifestyle habits, as well as 
their declared drug therapies from the initial clinical examination.

Each week, dispensary nurses visited the participants. These visits 
served multiple purposes: 1) to deliver the weekly dose of M. oleifera leaf 
powder, provided in 14 sachets of 5 g each, to the women in the 
experimental group; 2) to ensure adherence to the prescribed pharma
cological treatment and prevent participants in both groups from inde
pendently discontinuing their diabetes medication; and 3) to assess 
adherence to the assigned treatment. Specifically, the nurses monitored 
the use of M. oleifera leaf powder among women in the experimental 
group by investigating how it was used (e.g. in which dishes the powder 
was added), the timing of consumption, and which preparations were 
most appreciated. Additionally, if the participant lived with other peo
ple, confirmation was sought from family members. Women in the 
control group, on the other hand, were simply asked whether they had 
refrained from consuming Moringa.

2.4. Study variables

The morning of recruitment and the last day of the experiment, 
women, in fasting state, underwent to anthropometric examination and 
blood sampling. Body weight was measured to the nearest 100 g with a 
column scale and with participants wearing only light underwear. Body 
height was measured to the nearest 0.1 cm using a vertical stadiometer 
[21]. BMI was calculated as weight (kg)/height (m)2. Waist (WC) and 
hip circumferences (HC) were measured with a non-stretch tape to the 
nearest 0.5 cm at the midpoint between the last rib and the iliac crest 
and around the widest portion of the buttocks, respectively [21]. 
Waist-to-hip ratio (WHR) was calculated. High WC was defined as WC 
≥ 80 cm, the threshold value for abdominal obesity proposed for 
sub-Saharan women [22,23]. Skinfold thicknesses were measured using 

a Holtain Tanner/Whitehouse Skinfold Calliper. Four skinfolds were 
measured: biceps, triceps, subscapular, and suprailiac. Each skinfold was 
measured three times and the mean was used for analysis. The 
intra-observer variation for the skinfold measurement ranged from 
2.5 % to 2.9 %. When the thickness of a skinfold was > 40 mm, it was 
put as missing in the dataset as it was not measurable. Body density was 
estimated using the most appropriate Durnin and Womersley’s formula 
[24], depending on the measurable skinfolds. Body fat (BF, %) was 
estimated from body density using Siri’s formula [25].

Blood samples were sent to the National Hospital laboratory at 
Rabouni camp (Tindouf, Algeria) for analysis. Serum glucose was 
measured by means of an enzymatic method (Mindray BS 230 clinical 
chemistry analyzer). HbA1c was measured using a spectrofluorimetric 
method (Quo-Lab HbA1c, EKF Diagnostics). The analysis was conducted 
by Sahrawi laboratory technicians under the supervision of an Italian 
laboratory technician. Impaired fasting glucose was defined as glucose 
≥ 100 mg/dL. Women with a HbA1c ≥ 7.0 % was considered at high 
risk of micro and macro vascular complications [26]. The changes of 
serum levels of glucose, and HbA1c were considered the primary study 
endpoints.

2.5. Sample size calculation

The sample size was calculated based on the assumption that a 
clinically relevant reduction in HbA1c (primary outcome) of 0.5 % 
would occur in the M. oleifera-treated group, compared to the mainte
nance of baseline values in the control group. With an enrollment ratio 
of 2:1 (Moringa:Control), a power of 80 %, a significance level of 5 %, 
and a maximum dropout rate of 25 %, it was estimated that a sample size 
of 45 women would be sufficient to detect a difference between groups 
in the primary outcome at the end of the treatment

2.6. Statistical analysis

Continuous variables are presented as mean ± standard deviation. 
Discrete variables are presented as frequency and percentage. Two- 
sample comparisons between experimental group and controls were 
made by T-test. Mixed-effects linear regression models were used to test 
changes in the outcomes of interest between treatment groups. 

Fig. 1. Study Flowchart. The figure provides an overview of the processes of patient selection and enrollment, allocation to the treatment group, follow-up, and 
inclusion in the final database.
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Treatment (0 = control, 1 = experimental), time and treatment*time 
interaction were included as fixed-effect predictors and the patient as 
random effect. Age was included as confounding factor when we tested 
the treatment’s effects on body composition. We furtherly included BMI, 
WHR and hemoglobin levels when we tested the treatment’s effects on 
glycemic control parameters. Post-hoc Bonferroni multiple comparison 
test was used to test changes overtime within groups. A P value < 0.05 
was considered statistically significant. Statistical analysis was per
formed using STATA version 12.0 (StataCorp).

3. Results

3.1. Plant material

The nutritional composition and total phenol content of the dried 
leaf powder are detailed in Table 1.

As expected, the leaf powder was high in protein and polyphenols 
content. A daily administration of 10 g of M. oleifera leaf powder pro
vided 2.7 g of proteins, 0.58 g of lipids, 1.48 g of carbohydrates and 
2.9 g of fiber, plus 0.226 g of polyphenols.

After completing the nutritional composition and the total phenols 
quantification, we performed the HPCL analysis. Fig. 2 reports the HPLC 
chromatogram of the extract, obtained monitoring the eluate at 280 nm; 
combining analysis of UV-Vis and MS chromatograms, identification of 
almost all the component compounds was performed. As expected, fla
vonoids were the major phenolic compounds. Quercetin-3-O-glucoside 
(28.73), quercetin-3-O-(6”-malonyl)-glucoside (30.23), kaempferol-3- 
O-glucoside (33.07) and kaempferol-3-O-malonylglucoside (33.56) 
were identified in the samples according to previous reports [27–29]. 
The presence of apigenin-C-glucoside (25.45) and apigenin-O-glucoside 
(27.14), as reported previously [30], were also confirmed. On the basis 
of ESI-MS and UV-Vis spectra, the two peaks at 20.04 and 20.89 min 
should be attributed to kaempferol derivatives, condensed to residues of 
rhamnose and glucose, but it was not possible to uniquely identify them. 
Finally, peaks in the first part of the chromatogram should be attributed 
to different derivatives of quinic acid; in particular, peaks at 10.34 and 
16.34 min were attributed respectively to 5-caffeoyl and 3-caffeoyl
quinic acids by comparison with pure standards, while peaks at 
13.53 min and 15.16 min should tentatively be attributed to 3-p- and 
4-p-coumaroyl-quinic acid, according to MassBank of North America 
database.

3.2. Subjects

Of the 54 women assessed for eligibility, 2 were excluded for not 
meeting the inclusion criteria. Consequently, 52 women were randomly 
assigned to the experimental group (n = 35) and the control group 
(n = 17). Seven women were lost to follow-up, resulting in a final 
analysis population of 45 women (experimental n = 30, control n = 15). 
The baseline characteristics of the participants, categorized by treat
ment group, are detailed in Table 2.

At baseline, we found that the women in the experimental and 
control groups were similar in terms of body composition and glycemic 
status. In terms of weight status, 15.9 % of the women had a normal 
weight, 34.1 % were classified as overweight, and 50.0 % had obesity. 

For glycemic control, none of the women had fasting glucose levels 
within the recommended range (80–130 mg/dl), and 87 % had HbA1c 
levels above the recommended threshold of < 7 %. Regarding medica
tion, 44.4 % of the women were taking metformin, 24.4 % were on 
glibenclamide, and 31.1 % were using a combination of metformin and 
glibenclamide. None of the participants in the experimental group re
ported any side effects attributable to the consumption of M. oleifera 
leaves.

3.3. Effect of M. oleifera leaf powder on weight status and body 
composition

The impact of the treatment on weight status and body composition 
across the two groups is detailed in Table 3.

Mixed-effects linear regression models did not indicate any treat
ment effect on weight or body composition outcomes. However, we 
observed a significant effect of time on WC, WHR, and BF, with slight 
reductions noted by the end of the study compared to baseline. Notably, 
there was a significant interaction between treatment and time for BF 
(p = 0.010). Post-hoc analysis revealed that women in the experimental 
group experienced a significant reduction in BF (-1.5 %, 95 % CI: − 2.5, 
− 0.5, p < 0.001), whereas the BF remained unchanged from baseline in 
the control group (-0.2 %, 95 % CI: − 1.0, 0.7, p = 1.000).

3.4. Effect of M. oleifera leaf powder on glycemic control

The impact of the treatment on glycemic control across the two 
groups is detailed in Table 4.

Mixed-effects linear regression models did not show a treatment ef
fect on fasting glucose or HbA1c. However, there was a significant effect 
of time on these outcomes. Additionally, we observed a marginally 
significant interaction between treatment and time for HbA1c 
(p = 0.056). Post-hoc analysis revealed a significant reduction in HbA1c 
among women treated with M. oleifera, with a decrease of − 0.59 % 
(95 % CI: − 0.93, − 0.25, p < 0.001). In contrast, the control group did 
not experience a significant reduction in HbA1c (-0.20 %, 95 % CI: 
− 0.56, 0.15, p = 0.405).

4. Discussion

In this study, we evaluated the long-term effects of M. oleifera leaf 
supplementation on glycemic control in Sahrawi women with type 2 
diabetes. As previously reported [31], the leaves were rich in protein, 
fiber, and phenolic compounds, with HPLC analysis identifying several 
glucosides in the flavonoid family. Over the 3-month supplementation 
period, we observed a modest but significant reduction in fat mass, 
although no change in overall weight was detected. Moreover, a 
marginally significant greater reduction in HbA1c was observed among 
women receiving M. oleifera compared to those in the control group. 
Conversely, no significant effect was observed on fasting blood glucose 
levels.

Previous pre-clinical studies have established the hypoglycemic ef
fects of M. oleifera leaves [10–12], yet clinical evidence remains sparse. 
A previous randomized placebo-controlled trial assessed the short-term 
anti-diabetic potential of M. oleifera leaf in diabetic individuals. Partic
ipants were divided into an experimental group receiving 8 g of 
M. oleifera leaf powder daily for 4 weeks, and a placebo group. However, 
this study did not report significant changes in fasting blood glucose or 
HbA1c between the two groups [32]. The lack of significant reduction in 
HbA1c may be attributed to the short duration of administration, as 
HbA1c reflects average glycemia over approximately 3 months [33]. 
Consequently, short-term supplementation may not produce substantial 
changes in HbA1c. In contrast, our findings suggest that prolonged 
administration of M. oleifera leaf powder for at least 3 months may lead 
to a reduction in HbA1c in individuals with diabetes. A more recent 
double-blind, randomized, placebo-controlled trial investigated the 

Table 1 
Nutritional composition and total phenol content of dried leaf powder.

Nutrient g/100 g Per portion (5 g)

Moisture 11.0 0.55
Ash 13.0 0.65
Proteins 26.8 1.35
Lipids 5.7 0.29
Carbohydrates 14.8 0.74
Total fiber 28.7 1.44
Total polyphenols 2.251 0.113
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effect of M. oleifera leaf supplementation in individuals with prediabe
tes. Participants were assigned to either an experimental group receiving 
six daily capsules of dried M. oleifera leaf powder (2400 mg/day) for 12 
weeks, or a placebo group. This trial found a significant reduction in 
both fasting blood glucose and HbA1c in the experimental group [14]. 

Our study complements these findings by suggesting that a similar 
reduction in HbA1c could be achieved in individuals with established 
diabetes after 3 months of treatment.

The precise mechanisms underlying the biological effects of 
M. oleifera on glucose metabolism remain to be fully elucidated. How
ever, several hypotheses have been proposed. It is well-documented that 
various mono-glucosides of quercetin and kaempferol in M. oleifera leaf 
extract may bind to and inhibit pancreatic α-amylase and α-glucosidase 
[14,34]. These enzymes are crucial in carbohydrate digestion: pancre
atic α-amylase breaks down polysaccharides into disaccharides and ol
igosaccharides, while α-glucosidase hydrolyzes the terminal bonds of 
starch and disaccharides to release absorbable monosaccharides [15, 
28–30]. Additionally, the high dietary fiber content in M. oleifera leaves 
may slow gastric emptying and intestinal glucose absorption. Recent 
studies have shown that kaempferol, quercetin, and other phenolic 
compounds, such as chlorogenic acid, might reduce intestinal glucose 
uptake by acting as competitive inhibitors of the sodium-glucose 
co-transporter 1 (SGLT1). SGLT1 is responsible for actively trans
porting glucose from the brush-border membrane of the small intestine 
into enterocytes. These mechanisms delay carbohydrate digestion and 
glucose absorption, resulting in a reduced postprandial glycemic 
response [14,35]. Further evidence from animal studies indicates that 

Fig. 2. HPLC chromatogram of methanolic extract of M. oleifera. The figure presents the chromatogram of the methanolic extract of M. oleifera leaf powder, 
monitored at 280 nm, in which are reported retention times of the main phenolic compounds identified by UV-Vis and MS combined analyses.

Table 2 
Characteristics of the women at baseline according to the treatment group.

Control n = 15 Moringa n = 30

mean sd mean sd p value

Age (years) 61 7 56 7 0.071
Duration of diabetes (years) 7 5 7 8 0.983
BMI (kg/m2) 28.4 4.9 30.4 4.1 0.161
Waist circumference (cm) 104.4 10.6 104.4 9.5 0.999
Hip circumference (cm) 102.2 7.8 105.3 9.1 0.268
Waist-to-hip ratio 1.02 0.09 1.00 0.10 0.382
Body fat (%) 45.4 2.9 46.6 2.8 0.213
Hemoglobin (g/dl) 13.7 1.5 13.6 1.4 0.813
Serum glucose (mg/dl) 200 63 201 58 0.956
HbA1c (mmol/mol) 75.9 19.9 76.2 16.0 0.961
HbA1c (%) 9.1 1.8 9.1 1.5 0.963

Abbreviations: HbA1c, glycated hemoglobin

Table 3 
Effect of Moringa oleifera treatment on weight status and body composition.

Variables Treatment Baseline 3 months P treatment P time P interaction

BMI (kg/m2) Moringa 30.4 (28.8, 32.0) 30.3 (28.7, 31.9) 0.197 0.407 1.000
​ Control 28.4 (26.1, 30.6) 28.3 (26.0, 30.5)
WC (cm) Moringa 104.3 (100.9, 107.7) 103.7 (100.2, 107.1) 0.769 0.008 0.194
​ Control 103.9 (99.1, 108.8) 102.1 (97.3, 107.0)
WHR Moringa 1.00 (0.97, 1.03) 0.98 (0.95, 1.01) 0.704 0.038 0.459
​ Control 1.02 (0.98, 1.06) 0.98 (0.94, 1.02)
Body fat (%) Moringa 46.6 (45.5, 47.7) 45.1 (44.0, 46.2) 0.508 0.008 0.010
​ Control 45.4 (43,9, 46.9) 45.2 (43.7, 46.7)

Values are marginal means and 95 % confidence intervals (in bracket) obtained from mixed-effects linear regression models
Abbreviations: WC, waist circumference; WHR, waist-to-hip ratio
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M. oleifera leaf extract improves glucose uptake in the liver and muscles 
of diabetic rats [35]. Moringa extract has been shown to upregulate the 
expression of insulin receptors and insulin receptor substrates in the 
liver and muscle tissues of hyperinsulinemic rats [36]. This upregulation 
activates phosphatidylinositol 3-kinase, leading to the conversion of 
phosphatidylinositol 4,5-bisphosphate to phosphatidylinositol (3,4, 
5)-trisphosphate (PIP3). PIP3 then activates protein kinase B, which 
facilitates GLUT4 translocation to the plasma membrane, enhancing 
glucose uptake by cells [37]. Additionally, phenolic glycosides in Mor
inga leaves have been found to improve hepatic energy metabolism via 
the 5′ adenosine monophosphate (AMP)-activated protein kinase 
(AMPK) signaling pathway [38]. This pathway leads to GLUT4 upre
gulation, improved insulin sensitivity, enhanced glucose uptake, and 
inhibition of gluconeogenesis. Chronic AMPK activation also increases 
glycogen accumulation in skeletal and cardiac muscles [39], contrib
uting to better glucose homeostasis and explaining the observed 
reduction in HbA1c. Moreover, several polyphenols may help preserve 
pancreatic β-cell integrity and function by mitigating oxidative stress 
associated with chronic hyperglycemia [40].

Our findings indicate that daily administration of M. oleifera, as an 
adjunct to standard drug therapy, may enhance glycemic control in 
patients with poorly managed diabetes.

This study has several notable strengths. It is among the few that 
have investigated the long-term effects of M. oleifera leaf supplementa
tion on glycemic control in patients with diabetes. Additionally, it was 
conducted within a disadvantaged population that faces significant 
barriers to accessing adequate food and newer diabetes medications. 
However, this context may also limit the broader applicability of the 
results.

Despite these strengths, the study has some limitations. The small 
sample size, limited to women, may have restricted the generalizability 
of the findings. Therefore, the results should be interpreted with caution. 
Future larger studies including both sexes are needed to confirm these 
findings. Additionally, the study lacks detailed information on partici
pants’ dietary intake and physical activity levels, which could confound 
the observed effects. However, as we [17] and other authors [41] re
ported in previous works, the diet of people living in Sahrawi refugee 
camps is characterized by low dietary diversity due to the limited food 
availability. Therefore, we can assume that inter-individual variability 
in terms of dietary diversity and quality is limited. Furthermore, 85 % of 
the sample presented overweight or obesity, which suggests that most 
participants likely consumed more energy than required. For the same 
reason, we can also assume that most participants engaged in little or no 
physical activity. It should also be noted that Sahrawi women tend to 
prefer an overweight body size, as this is considered more attractive 
[42]. Consequently, physical activity is often limited to preserve this 
body size. Thus, inter-individual variability in physical activity levels is 
also likely to be minimal. Furthermore, the study was unblinded. Par
ticipants were aware of the group assignments, which may have intro
duced bias. Participants in the experimental group might have adjusted 
their behavior or expectations due to their awareness of receiving the 
intervention, while those in the control group may have experienced 
reduced motivation or engagement. Finally, without measuring insulin 
concentrations, we are unable to assess whether insulin resistance levels 
were comparable between the groups.

In conclusion, the use of M. oleifera leaf powder as an adjunct to drug 
therapy appears to positively impact glycemic control in women with 
type 2 diabetes. However, further research is essential to validate these 
findings and establish the therapeutic efficacy of Moringa for diabetes 
management. Future studies should focus on identifying the specific 
bioactive compounds responsible for the hypoglycemic effects of Mor
inga leaves and elucidating the underlying mechanisms of its biological 
activity.
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