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Abstract. Testosterone is important in health, sexual function, body composition, and athletic performance. However, 
hormonal levels decrease with metabolic syndrome. Moringa oleifera, traditionally used as an aphrodisiac, has been 
shown to improve testosterone levels in metabolic syndrome. However, there is a dearth of studies on humans, and 
the mechanisms involved remain to be elucidated. This randomized, repeated measures study aims to determine if 
four-week supplementation of Moringa leaf powder in the form of a protein drink can improve resting levels of 
testosterone and related hormones, and whether any improvement translates to improved anabolic status during 
hypertrophy weight training. Relationships between hormonal levels and lipid profile were also explored. Three 
young men (28.33 ± 2.08) with hypercholesterolemia but normal testosterone levels were blood tested for hormonal 
levels and lipid profile at three time points: baseline, after Moringa supplementation, and after placebo 
supplementation. Pre-exercise and post-exercise testosterone and cortisol levels were measured on each testing day. 
Significant differences were found between Moringa and placebo in resting testosterone, anabolic status, and acute 
exercise-induced anabolic response. No significant difference was observed in any of the markers of lipid profile. Four-
week supplementation of Moringa leaf powder in the form of a protein drink significantly increased resting 
testosterone and anabolic status in men with hyperlipidemia but with normal testosterone levels. Men with 
hyperlipidemia showed blunted anabolic response to a hypertrophy weight training protocol, which was attenuated 
by Moringa supplementation. Mechanisms may be independent of improvements in lipid profile. 
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Introduction 

Testosterone is known to play a role in health, sexual 
function, and athletic performance. The coronavirus 
disease of 2019 (COVID-19) pandemic highlighted 
the possible role of testosterone in disease severity 
and mortality, with either very low or very high levels 
associated with poorer outcomes in men (Ghazizadeh 
et al., 2020; Mohamed et al., 2020; Wambier & Goren, 
2020). Suboptimal testosterone levels may 
predispose men to endothelial dysfunction, 
thrombosis, and impaired immune response 
(Gargaglioni & Marques, 2020; Giagulli et al., 2020; 
Pozzilli & Lenzi, 2020), as the hormone exerts anti-
inflammatory effects directly by inducing anti-
inflammatory cytokines and inhibiting pro-
inflammatory ones, stimulating nitric oxide release, 
and modulating coagulative factors (Bianchi, 2018; 

Giagulli et al., 2020). Indirectly, it helps reduce 
adipose tissue that secretes pro-inflammatory 
markers (Sattler et al., 2014), and potentiates insulin 
signaling (Rao et al., 2013) which is involved in innate 
immunity (Ieronymaki et al., 2019).   

Testosterone also plays a key role in the metabolism 
of carbohydrate, protein, and fat. It controls gene 
expression of regulatory proteins involved in 
glycolysis, glycogenesis, and lipolysis (Kelly & Jones, 
2013). As the primary anabolic steroid, testosterone 
upregulates androgen receptor (AR) activity, protein 
synthesis, satellite cell activation, and other 
hormones involved in muscular hypertrophy, such as 
growth hormone and insulin-like growth factor 1 
(Kraemer et al., 2020).   

Studies on athletes also support the role of 
testosterone in athletic performance (Majumdar & 
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Srividhya, 2010), recovery (Kargarfard et al., 2018), 
fatigue (Bosco et al., 2000) and motivation (Crewther 
et al., 2016). Serum testosterone levels correlate 
negatively with VO2max and oxidative 
phosphorylation gene expression (Pitteloud et al., 
2005). A low testosterone-cortisol ratio (T/C) is 
usually indicative of overtraining and catabolic 
status, while a high T/C is associated with improved 
performance and anabolic status (Majumdar & 
Srividhya, 2010). 

Unfortunately, total testosterone levels decrease in 
men with metabolic syndrome (Gleicher et al., 2020). 
Such decrease may be caused by defective cholesterol 
transport (Culty et al., 2002), increased insulin 
resistance, sex hormone binding globulin (SHBG), 
and leptin levels on Leydig cells, as well as reduced 
gonadotropin secretion mediated by chronic, low-
grade inflammation and increased oxidative stress 
(Pivonello et al., 2019).   

Given the role of testosterone in health and athletic 
performance, it is imperative to develop safe and 
preventive interventions in optimizing hormonal 
levels that would appeal to men. Moringa, a native 
vegetable traditionally used as an aphrodisiac, has 
been shown in animal studies to increase 
testosterone levels (Mohamed et al., 2019; Ogunsola 
et al., 2017; Prabsattroo et al., 2015; Suarni et al., 
2019; Syarifuddin et al., 2017). If Moringa also 
improves testosterone levels in humans, 
supplementation in the form of a palatable drink that 
mimics whey protein supplements may be acceptable 
to men, who tend to have less favorable attitudes and 
perceived behavior control than women regarding 
eating vegetables (Emanuel et al., 2012).    

Dietary consumption of Moringa is encouraged by 
several health organizations due to the plant’s 
nutrient content and potential in treating various 
diseases. It has been shown to have antioxidant, anti-
inflammatory, cholesterol-lowering, antidiabetic, and 
hepatoprotective properties (Alegbeleye, 2018; 
Gupta et al., 2012; Mbikay et al., 2012; Waterman et 
al., 2015; Vargas-Sánchez et al., 2019). Its traditional 
use in Ayurvedic medicine as an aphrodisiac is 
supported by animal studies (Goswami et al., 2016; 
Suarni et al., 2019; Syarifuddin et al., 2017; Zade et al., 
2013).   

In rats, four-week supplementation of Moringa leaf 
extract at 200-500 mg/kg body weight per day 
increased serum testosterone, luteinizing hormone 
(LH), follicle stimulating hormone, steroidogenic 
acute regulatory (StAR) protein expression, and 
insulin levels (Mohamed et al., 2019; Ogunsola et al., 
2017). A shorter seven-day supplementation period 

of the same extract at 250 mg/kg body weight per day 
also increased testosterone and Leydig cell count in 
rats (Prabsattroo et al., 2015).  

There is also emerging evidence that Moringa 
supplementation increases testosterone levels in 
men with hyperlipidemia. Three-month 
supplementation of Moringa leaf powder at 500 mg 
twice a day increased serum testosterone, with 
concurrent reductions in cholesterol levels in men 
(Munawar et al., 2019).  

Similarly, 50-day supplementation of Moringa leaf 
powder at 4.6 g per day also decreased total 
cholesterol and increased HDL (Nambiar et al., 2010), 
while 40-day supplementation at 8 g per day 
decreased total cholesterol, triglycerides, and LDL in 
men (Kumari, 2010).   

  

Mechanisms of Action 

Improvements in lipid profile observed in Moringa 
leaf supplementation studies are attributed to 
various compounds, including insulin-like plant 
proteins (Paula et al., 2017) and flavonols like 
quercetin (Vargas-Sánchez et al., 2019) and 
kaempferol (Lako et al., 2007) that have antidiabetic, 
anti-obesity, and anti-inflammatory effects (Chen, S. 
et al. (2016).   

Quercetin and kaempferol have been shown to 
increase glucose uptake, GLUT-4 translocation, 
GLUT-4 protein content, and AMPK phosphorylation 
in skeletal muscle (Eid et al., 2015; Han et al., 2017).  
Chlorogenic acid, also found in Moringa, likewise 
triggers AMPK activity (Ong et al., 2013) and 
improves glucose and lipid metabolism in metabolic 
syndrome (Karthikesan et al., 2010).   

Activation of AMPK in the skeletal muscle triggers 
key metabolic processes, including increased ATP 
generation, lipolysis, and beta oxidation, as well as 
inhibition of lipogenesis and cholesterol biosynthesis 
(Lopes et al., 2017; Motoshima et al., 2006). 
Modulation of AMPK activity, either 
pharmacologically or genetically, affects hormone-
induced StAR protein expression and steroidogenesis 
(Abdou et al., 2014).   

In animal studies, high dietary cholesterol reduces 
resting testosterone levels by down‐regulating StAR 
and other steroidogenic enzymes and activating 
endoplasmic reticulum stress (Yu et al., 2019), 
reducing testicular LH and human chorionic 
gonadotropin binding (Tanaka et al., 2001), and 
impairing the testicular renin-angiotensin system 
(Martínez-Martos et al., 2011).  
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Improvements in lipid profile after Moringa 
supplementation are likely due to decreased reactive 
oxygen species (ROS) (Das et al., 2015), decreased 
rate of lipolysis and conversion of free fatty acids to 
phospholipids and cholesterol in the liver (Olayaki et 
al., 2015), and increased LDL receptors (Fuhrman, & 
Aviram, 2001).   

Such increase in LDL receptors affects both 
testosterone and cortisol production, as all steroid 
hormones are derived from cholesterol (Eacker et al., 
2008), and steroidogenic cells take up circulating LDL 
for hormone synthesis (Miller & Bose, 2011). When 
intracellular cholesterol concentrations are high, LDL 
receptor activity is downregulated, thereby 
decreasing cholesterol uptake, synthesis, and 
deesterification (Miller & Bose, 2011). Both increased 
triglycerides and insulin resistance inhibit the 
hypothalamic-pituitary-gonadal (HPG) axis (Kelly & 
Jones, 2013; Muraleedharan & Jones, 2010).   

Moringa is also a significant source of zinc 
(Gopalakrishnan et al., 2016), which acts as an 
antioxidant in the Leydig cells that produce 
testosterone (Fallah et al., 2018). Zinc deficiency 
impairs angiotensin-converting enzyme activity, 
which leads to depletion of testosterone (Bedwal & 
Bahuguna, 1994).  

Testosterone synthesis depends on the adequacy of 
zinc in the diet (Biswajit et al., 2013), and zinc 
supplementation improves serum testosterone levels 
in a dose-dependent manner (Biswajit et al., 2013; 
Kumar et al., 2006). In one study, Moringa leaf 
supplementation was comparable to zinc 
supplementation in increasing libido (Syarifuddin et 
al., 2016).  

Improvements in LH levels observed in Moringa 
supplementations studies is also attributed to zinc. 
LH increase may also be a separate mechanism 
driving testosterone production, as LH stimulates the 
activity of LDL receptors and uptake of LDL 
cholesterol (Miller & Bose, 2011). Zinc 
supplementation at 250 mg/day for 6 weeks 
improved both LH and testosterone levels in men 
(Jalali et al., 2010).  

Another possible mechanism by which Moringa 
may increase testosterone levels is through Vitamin 
E, which has been shown to reduce testicular 
oxidative stress and increase Leydig cell 
steroidogenesis in diabetes (Aybek et al., 2008). 
Moringa leaves are a good source of Vitamin E, with 
six times more levels than in rapeseed oil (Ganatra et 
al., 2012), and in concentrations similar to those 
found in nuts (Efiong et al., 2013). In healthy men, 

three-week administration of at least 257 mg/kg of 
body weight per day of Vitamin E in the form of extra 
virgin olive oil and argan oil significantly increased 
TT levels (Derouiche et al., 2013).  

The synergistic effects of trace elements, 
particularly zinc, as well as flavonols and polyphenols 
in Moringa may be the main mechanisms for 
improving testosterone levels. Testosterone, in turn, 
differentially regulates targets of lipid and glucose 
metabolism in the muscle, liver, and adipose tissue 
(Kelly et al., 2016). There is a positive relationship 
between TT and insulin sensitivity in men 
independent of SHBG levels (Pitteloud et al., 2005). 
Furthermore, there is a positive correlation between 
TT and HDL, and an inverse correlation between TT 
and either triglycerides or total cholesterol 
(Thirumalai et al., 2015).  

Testosterone, cortisol, and anabolic status during 
weight training. The potential testosterone-
enhancing effects of Moringa may translate to 
improved anabolic response (T/C) during weight 
training via increased resting levels of testosterone 
or decreased cortisol and related inflammatory 
markers.   

Testosterone and cortisol exert opposing effects, 
compete for glucocorticoid-binding sites (Hackney & 
Walz, 2013), and vary inversely during exercise 
(Brownlee et al., 2005). Moderate to high-intensity 
(80% of 1RM, 120 s rest period), high-volume 
resistance training acutely induces high levels of 
testosterone in young men (Crewther et al., 2008; 
Juan, 2019), but also high cortisol in men with 
metabolic disorders (Gar et al., 2020; Wong & Harber, 
2006). There is evidence that cortisol may be a more 
important determinant of anabolic status than 
testosterone (Ratamess et al., 2005).  

Dietary cholesterol also induces inflammatory 
cytokines (Zhao et al., 2017) that interfere with 
metabolic response during exercise (Febbraio et al., 
2004; Proschinger et al., 2019; Vargas et al., 2014). 
Inflammatory cytokines also induce cortisol directly 
and indirectly (Bethin et al., 2000; Steensberg et al., 
2003) creating a vicious cycle of dysregulated 
hormonal response.      

This paper aims to determine whether four-week 
supplementation of Moringa leaf powder can 
improve both resting and exercise-induced TT and 
T/C, possibly through increased testosterone 
production or improved metabolic and inflammatory 
profile.   
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Methods 

Research Design 

This is a preliminary randomized controlled study 
utilizing a single-blind, repeated measures design. All 
participants underwent four-week supplementation 
with Moringa drink, and another four-week 
supplementation with placebo drink. The treatment 
periods were counterbalanced for each participant 
and separated by at least two weeks of washout 
period, similar to previous studies on zinc (Riggio et 
al., 1991), quercetin (Xiao et al., 2014), and Vitamin E 
(Belcher et al., 1993) supplementation on humans. 
Participants were instructed to maintain their 
normal diet and physical activity throughout the 
study.   

Blood tests for sex hormones (LH, TT), lipid profile 
(cholesterol, triglycerides, LDL), and exercise 
hormones (cortisol, T/C) before and after weight 
training were done in three time points: baseline, 
after supplementation with Moringa drink, and after 
administration of placebo drink.   

 

Figure 1. Research design. 

 

Participants   

Participants were screened based on factors known 
to affect testosterone and cortisol levels, namely:  age 
(Feldman et al., 2002),  relationship status (Van 
Anders et al., 2006; Farrelly et al., 2015; Mendoza et 
al., 2000), physical activity (Vaamonde et al., 2012), 
training status (Coffey et al., 2006), use of anabolic 
steroids (Rasmussen et al., 2016), smoking (Wang et 
al., 2013), alcohol consumption (Sarkola et al., 2003), 
sleep patterns (Leproult et al., 2011), and diet (Allen 
et al., 2000).   

All were young men (age 28.33 ± 2.08), omnivores, 
moderately and recreationally trained in 
weightlifting, in long-term committed relationships, 
and without any history of anabolic steroid use. They 
were non-smokers, not heavy drinkers, and not 

chronically sleep-deprived. They had similar physical 
activity levels and access to training facilities being 
members of the same fitness gym.   

All had baseline cholesterol levels exceeding the 
normal range of 200 mg/dL. However, TT and LH 
were within the normal range of 270-1070 ng/dL and 
1.24–7.8 mIU/mL, respectively. Baseline 
characteristics of participants are summarized in 
Table 3. 

 

Table 1 

Baseline characteristics of participants in means and 
standard deviation (in parentheses). 

Variables   Mean ± SD 

Age (years)   28.33 ± 2.08 

Weight (kg) 87.87 ± 2.22 

Height (cm) 174.41 ± 7.76 

BMI (kg/m2)   28.97 ± 1.91 

Total cholesterol (mg/dl)   224.45 ± 29.99 

Triglycerides (mg/dl) 156.06 ± 61.44 

LDL (mg/dl) 145.88 ± 31.59 

Total testosterone (ng/dl)   484 ± 61.14 

Exercise-induced testosterone 
(ng/dl)   

445.1 ± 102.93 

Luteinizing hormone (miu/ml) 5.82 ± 0.74 

Cortisol (ug/dl) 9.40 ± 2.71 

Exercise-induced cortisol (ug/dl)  11.90 ± 6.18 

Weight training frequency, days 
per week   

4.67 ± 0.58 

Weight training history, years since 
started   

9.0 ± 1.0 

Smoking frequency, sticks per 
week   

0 ± 0 

Alcohol use, servings per week   0.33 ± 0.58 

 

Recruitment 

This study made use of a non-probability, voluntary 
convenience sampling design. Convenience sampling 
was chosen as the study was started during 
government-imposed community quarantine when 
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gym access was limited to the public. A call for 
participation was announced through social media. 
Interested participants signed an institutionally 
approved informed consent form and were screened 
for the inclusion/exclusion criteria.   

Four participants who met the inclusion criteria 
gave their consent to join the study. However, one 
participant tested positive for COVID-19 and had to 
be excluded. The remaining three finished all three 
testing periods. An a priori power analysis using 
G*Power program yielded 60-70% chance of 
correctly rejecting the null hypothesis with the 
current repeated measures design.   

 

Interventions 

Each participant was given one 350 ml bottle of 
Moringa drink or its placebo counterpart per day for 
a span of four weeks. The Moringa drink contained 10 
g of Moringa leaf powder as the active ingredient, 
while the placebo drink contained food coloring. Both 
drinks contained soy milk, banana, and artificial 
matcha flavor. 

Daily supplementation of Moringa leaf powder in 
the form of food products ranges from 10–30 g 
(Idohou-Dossou et al., 2011; Barichella et al., 2018; 
Glover‐Amengor et al., 2017; Tshingani et al., 2017). 
The amount of 10 g was chosen based on a previous 
study among men with hyperlipidemia (Munawar et 
al., 2019) and a taste test conducted with the current 
participants. 

Ingredients were chosen to mimic the texture and 
taste of whey protein that men would normally drink 
for muscle gain. Participants described the taste as 
“creamy matcha flavor” that resembles milk tea. The 
ingredients, other than the Moringa powder, were 
not a significant source of quercetin, Vitamin E, and 
zinc. Short-term soymilk consumption for up to 12 
weeks at 400 ml daily does not affect resting 
testosterone levels in men (Nagata et al., 2001).   

The drinks were prepared and delivered to each 
participant every week for a period of four weeks. 
Participants were instructed to store the drinks in the 
freezer upon receipt to ensure freshness and 
palatability.    

 

Procedures   

Pretest 

This study was approved by the University of the 

Philippines Manila Research Ethics Board (2020-
530-01) and was conducted in compliance with the 
principles enunciated in the Helsinki Declaration. 
Each participant accomplished an institutionally 
approved informed consent form and lifestyle 
questionnaire and underwent submaximal strength 
test and exercise familiarization at the gym. A taste 
test was also conducted to ensure acceptability and 
palatability of the Moringa and placebo drinks. 
Participants were not informed about the 
composition of the drinks and were asked to refrain 
from vigorous physical activity, alcohol, caffeine, and 
ergogenic supplements at least 48 h from testing.  

  

Blood Tests 

After at least 48 h from pretest, each participant 
reported to the gym at 10AM after 10-12 hours of 
overnight fast. Blood samples were immediately 
collected from the right antecubital fossa while the 
participant was seated. After the first blood 
extraction, the participant was given a standard 
breakfast of chicken and rice, which was kept 
constant in every testing day. The participant rested 
for 2 h before starting the exercise protocol.   

In every testing day, blood samples were collected 
twice: At a fasted state to determine baseline levels of 
resting TT, resting cortisol, and lipid profile, and 
immediately after exercise to determine exercise-
induced TT and cortisol.  Whole blood was 
centrifuged (Hsiangtai, Taiwan) for 10 minutes, after 
which serum was aspirated, aliquoted, and analyzed 
(Cobas E 411, Roche Diagnostics, USA). Samples were 
stored in the medical clinic’s laboratory for one week 
to allow for analysis of other markers that may help 
explain results, after which they were disposed of 
properly according to professional standards. Blood 
test procedures were kept constant in every testing 
day by ensuring that participants reported to the gym 
at 10AM, and that the same medical technologist 
collected the samples throughout the study.  

   

Exercise Protocol 

The exercise protocol involved two compound leg 
exercises (Smith machine barbell back squat and 
supine leg press), each performed for five sets of 
10RM (75% 1RM) with 2-minute rest periods 
between sets.  Each participant performed a standard 
warm-up consisting of five minutes of leg mobility 
drills followed by two submaximal sets on the leg 
press machine (20 repetitions, 50% 1RM) before 
starting the first set of the hypertrophy protocol. 
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When the participant felt fatigued and unable to 
maintain 75% 1RM for 10 repetitions, the load was 
reduced to ensure five sets of 10 repetitions could 
still be completed. The entire protocol, including 
warmup, lasted for approximately 30 minutes. 

 

Statistical Analyses 

The null hypothesis that there is no significant 
difference between placebo and Moringa treatment 
in terms of resting and exercise-induced levels of 
hormones and lipid profile after four-week 
supplementation was tested using univariate 
analysis of covariance (ANCOVA) controlling for 

bodyweight changes in the participants. Within-
subject changes in exercise-induced hormonal 
response was tested using repeated measures 
ANCOVA. Bivariate correlation was also used to 
explore relationships among variables.  

All continuous variables were tested for normality 
using Shapiro-Wilk test and for equality of variances 
using Levene’s test. Non-normal variables were 
transformed using the log transform function in 
Statistical Package for the Social Sciences (SPSS) 
Version 27 software. Data are presented as mean ± 
standard deviation. For all statistical analyses, p < .05 
was considered statistically significant.   

 

 

Figure 2. Flow chart of the study design. 
 
 
 
 

 

Results 

Between Group Differences  

Assumptions of normality and equality of variances 
were established for all continuous variables. 
Univariate ANCOVA showed a statistically significant 
difference between Moringa and placebo (p=.02), and 

between Moringa and baseline (p=.02) in resting 
testosterone levels when controlling for changes in 
bodyweight.  

A comparison of estimated marginal means 
revealed the Moringa group had 12.1% increase in 
resting testosterone from baseline, while the placebo 
group had .66% increase from baseline.   
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Both treatment group and bodyweight significantly 
affected resting testosterone at F(2, 5) = 7.77, p = 
0.03, η2 = .76 and F(1, 5) = 67.79, p < 0.001, η2 = .93, 
respectively. Hence, the research hypothesis that 
Moringa is better than placebo in increasing resting 
testosterone levels is confirmed, with 76% of the 
total variance influenced by treatment group. 

There was also a statistically significant difference 
between Moringa and placebo (p=.01) in resting 
anabolic status (T/C) when controlling for changes in 
bodyweight. A comparison of estimated marginal 
means revealed the Moringa group had 19.61% 
increase in resting anabolic status from baseline, 
while the placebo group had 27.45% decrease in 
resting anabolic status from baseline. 

Both treatment group and bodyweight significantly 
affected resting anabolic status at F(2, 5) = 11.16, 
p=.01, η2 = .82 and F(1, 5) = 75.73, p < .001, η2 = .94, 
respectively. Hence, the research hypothesis that 
Moringa is better than placebo in increasing resting 
anabolic status is confirmed, with 82% of the total 
variance influenced by treatment group.   

No significant between-group differences were 
found for resting cortisol, LH, and lipid profile. Thus, 
improvements in resting testosterone and anabolic 
status may be independent of improvements in lipid 
profile or decreased cortisol at rest.  

 

 

Table 2 

Changes in pretest-posttest scores from baseline by treatment group. 

Variables Baseline Placebo Change Moringa Change 

Resting testosterone (ng/dl)  484 ± 61.14 483.7 ± 23.41 -0.3 507.19 ± 95.25 23.19 

Exercise testosterone (ng/dl) 445.1 ± 102.9 500.93 ± 23.48 55.87 462.6 ± 53.38 17.53 

Resting cortisol (ug/dl)  9.40 ± 2.71 12.23 ± 1.11 2.83 11.11 ± 4.6 1.72 

Exercise cortisol (ug/dl)  11.90 ± 6.18 15.09 ± 2.84 3.19 13.81 ± 7.61 1.91 

Resting T/C  0.06 ± 0.02 0.04 ± 0.01 -0.02 0.05 ± 0.03 -0.00 

Exercise T/C  0.04 ± 0.01 0.03 ± 0.01 -0.01 0.04 ± 0.04 -0.00 

LH (miu/ml)  5.82 ± 0.74 4.11 ± 1.6 -1.72 5.47 ± 0.49 -0.35 

Cholesterol (mg/dl)  224.45 ± 29.99 223.55 ± 19.38 -0.90 214.28 ± 21.11 -10.17 

Triglycerides (mg/dl)  156.06 ± 61.44 166.68 ± 78.33 10.62 142.19 ± 43.20 -13.86 

LDL (mg/dl) 145.88 ± 31.59 145.94 ± 8.26 0.06 139 ± 27.12 -6.88 

 

 
Figure 3. Estimated marginal means of resting testosterone (ng/dl) 
with statistically significant differences between treatment groups. 
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Figure 4. Estimated marginal means of resting anabolic status (T/C) 
with statistically significant differences between treatment groups. 

 

 
Figure 5. Exercise-induced anabolic response (T/C) showing 
significant differences between groups, with Moringa treatment 
resulting in significantly stronger exercise-induced response 
compared to placebo. 

 

Within-Subject Trends in Acute Hormonal 
Response  

Repeated measures ANCOVA did not yield any 
statistically significant acute change in testosterone 
levels from resting to exercise. There was also a 
marginally statistically significant trend towards 
increased acute cortisol response to weight training 
in all groups.   

However, there was a statistically significant acute 
decrease in anabolic response (T/C) to weight 
training (F(1, 5) = 15.65, p=.01, η2 = .76). Pairwise 
comparison showed a significantly stronger 
magnitude of exercise-induced response in Moringa 
compared to placebo (p=.03).   

 

Discussion  

Moringa Increases Testosterone Production 
Possibly via Decreased Inflammation  

The paucity of mechanistic studies on Moringa 
supplementation in metabolic syndrome limits the 
discussion of current results to related disorders. In 
one study on rats with diet-induced 
hyperinsulinemia, Moringa supplementation 
increased testosterone with concurrent 
improvements in testicular markers of androgen 
biosynthesis (StAR protein and 3β-hydroxysteroid 
dehydrogenase expression), and decrease in lipid 
peroxidation in the liver, possibly through decreased 
ROS (Mohamed et al., 2019). The ROS-scavenging 
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effects of Moringa was previously established in rats 
with high fat diet-induced oxidative stress (Das et al., 
2015). Increased ROS inhibits StAR protein 
expression and its cholesterol transfer activities 
necessary for steroidogenesis (Diemer et al., 2003).   

Hypercholesterolemia also increases ROS 
(Abdelhalim et al., 2012; Csonka et al., 2016) and 
reduces testosterone by down‐regulating StAR 
protein and other steroidogenic enzymes and 
activating endoplasmic reticulum stress (Yu et al., 
2019), reducing LH and human chorionic 
gonadotropin binding (Tanaka et al., 2001), and 
impairing the testicular renin-angiotensin system 
(Martínez-Martos et al., 2011).   

In the current study, however, the moderately 
hyperlipidemic participants had normal baseline 
levels of resting testosterone, which was still 
improved after Moringa supplementation, suggesting 
that even non-hypogonadal men may benefit from its 
antioxidant effects.   

 

Men with Hyperlipidemia Have Blunted 
Testosterone Response to Weight Training 

Another key insight in the current study is the 
blunted acute exercise-induced hormonal response 
of men with hypercholesterolemia. Previous studies 
using the same exercise protocol recorded increased 
acute testosterone response in the same age group of 
healthy men (Crewther et al., 2008; Juan, 2019), 
which was not observed in the current study. There 
was also a marginally significant trend towards 
increased exercise-induced cortisol in all treatment 
groups. There were, however, significant negative 
correlations between exercise-induced anabolic 
response and LDL (r = -.73, p = .025), and between 
resting anabolic status and exercise-induced 
testosterone response (r = -.86, p = .025).   

Taken together, these trends show a dysregulated 
exercise-induced hormonal response in men with 
moderate hyperlipidemia, where blunted exercise-
induced testosterone response is accompanied by 
increased cortisol response, and with higher 
hormonal levels at rest associated with lower levels 
during exercise.    

 

Moringa Supplementation May Attenuate Blunted 
Hormonal Response to Exercise   

The dearth of studies on factors affecting exercise-
induced hormonal response also limits the current 
discussion to related hormones and inflammatory 

markers. People with metabolic disorders have been 
shown to have blunted exercise-induced growth 
hormone response (Wong et al., 2006) and 
exaggerated cortisol response (Gar et al., 2020) to 
exercise. Testosterone and cortisol exert opposing 
effects, compete for glucocorticoid-binding sites 
(Hackney & Walz, 2013), and vary inversely during 
exercise (Brownlee et al., 2005). There is evidence 
that cortisol may be a more important determinant of 
anabolic status than testosterone (Ratamess et al., 
2005).   

Thus, the greater magnitude of exercise-induced 
anabolic response after Moringa supplementation, 
although downward in direction, may represent an 
attenuation of previously blunted hormonal response 
in the participants with moderate hyperlipidemia. 
Furthermore, improved testosterone levels and 
anabolic status at rest did not translate to increased, 
but rather resulted in decreased yet stronger 
anabolic response during weight training, possibly 
due to a combination of blunted testosterone and 
increased cortisol levels during exercise.   

Possible explanations for the blunted and decreased 
anabolic response of the current participants to a 
normally anabolic weight training include 
cholesterol-induced inflammation and endothelial 
dysfunction. Dietary cholesterol increases 
inflammatory cytokines (Zhao et al., 2017) that 
interfere with metabolic response during exercise 
(Febbraio et al., 2004; Proschinger et al., 2019; 
Vargas et al., 2014). Inflammatory cytokines also 
induce cortisol directly and indirectly (Bethin et al., 
2000; Steensberg et al., 2003). Cholesterol-induced 
endothelial dysfunction (Hermida et al., 2013) may 
also result in decreased blood flow during high-
intensity lower body exercise that relies greatly on 
endothelial nitric oxide production (Green et al., 
2004).   

 

Increased Resting Testosterone Precedes 
Improvements in Lipid Profile  

Another unexpected finding of the current study is 
the lack of significant improvement in any of the 
variables for lipid profile (cholesterol, triglycerides, 
LDL). Such lack of improvement may be attributed to 
the length of treatment period. Four-week 
supplementation may not have been enough to create 
the significant improvements in lipid profile 
observed by previous studies, which used 40 days to 
12 weeks supplementation period (Kumari, 2010; 
Munawar et al., 2019; Nambiar et al., 2010). 
Improvements in lipid profile may normalize the 
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acute exercise-induced hormonal response of the 
participants and determine whether Moringa 
supplementation also improves such response.   

Similarly, the lack of between-group differences in 
LH and the downward trend of LH levels from 
baseline to Moringa and placebo, respectively (see 
Table 4), may be attributed to hyperlipidemia. There 
is a positive correlation between serum total 
cholesterol and LH in subjects with 
hypercholesterolemia (Yang et al., 2016). The initially 
high baseline levels of LH observed in this study may 
have been attenuated by supplementation, leading to 
lower circulating levels in both treatment groups.  

Furthermore, the significant increase in resting 
testosterone in the Moringa group may have resulted 
in decreased LH via negative feedback mechanism in 
the HPG axis (Roelfsema et al., 2018). In the current 
study, however, LH was not significantly correlated 
with any of the variables.   

 

Generalizability  

This preliminary study aimed to determine whether 
four-week supplementation of Moringa leaf powder 
can improve both resting and exercise-induced 
testosterone and anabolic status, possibly through 
increased testosterone production or improved lipid 
profile. Although experimental in design, the small 
sample size limits the generalizability of the current 
study.   

 

Limitations  

The inevitable behavioral changes brought by the 
pandemic may have resulted in additional 
confounding factors that may have affected hormonal 
responses. The current study only accounted for 
changes in bodyweight of the participants 
throughout the three testing periods. Changes in 
physical activity affects testosterone levels more than 
other lifestyle factors (Kumagai et al., 2016). 
Although the participants were instructed to 
maintain their normal physical activity levels 
throughout the study, government restrictions on 
outdoor activities during pandemic may have 
affected activity levels.   

 

Conclusion  

The hypothesis that four-week supplementation of 
Moringa powder has a statistically significant effect 

on resting and exercise-induced hormonal levels of 
non-hypogonadal men with moderate 
hyperlipidemia was confirmed in terms of resting 
testosterone and exercise-induced anabolic 
response. Such effect preceded improvements in lipid 
profile, suggesting that increased testosterone 
production through antioxidants, not improvement 
in lipid profile, may be the primary mechanism for 
increased resting testosterone levels in Moringa 
supplementation studies. Furthermore, to achieve 
improvements in hormonal response during exercise, 
antioxidant mechanisms leading to improved 
endothelial function and inflammatory profile may be 
involved.   

 

Applications  

To the author's knowledge, this is the first Moringa 
supplementation study on humans to show improved 
testosterone levels in non-hypogonadal men even 
without improvements in metabolic profile, 
extending its use as a potential ergogenic aid. At least 
10 g of Moringa leaf powder, when taken daily for at 
least four weeks, may improve resting testosterone 
levels in men with moderate hyperlipidemia but 
normal testosterone levels. The amount of 10 g had 
no recorded side effects and was considered 
palatable when mixed with other flavors. However, 
four-week supplementation using the same dosage 
may not be enough if the goal is to improve lipid 
profile.   

Such improvement in resting testosterone, even 
without concurrent improvement in metabolic 
profile, may also be useful in restoring decreased 
testosterone levels as a side effect of common 
pharmacological therapies for metabolic syndrome 
such as statins (Stanworth et al., 2009). In one study, 
depleted levels of testosterone induced by statins 
was restored by Moringa supplementation (Munawar 
et al., 2019).   

This is also the first study to explore the effects of 
hyperlipidemia on exercise-induced anabolic 
response. The current study showed that even 
moderate hypercholesterolemia blunted the acute 
anabolic response to a hypertrophy training protocol, 
which was attenuated by Moringa supplementation.   

Such anabolic hormone response during weight 
training is important as acute increases in anabolic 
hormones during exercise mediate desired training 
adaptations such as increased muscle cross sectional 
area (Bosco et al., 2000) and strength (Ahtiainen et 
al., 2003).    
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Recommendations  

Future studies should measure antioxidants and 
inflammatory markers together with testosterone 
levels to further elucidate mechanisms. 
Measurements should be done in both short-term 
(less than 4 w) and long-term (more than 4 w) 
supplementation periods to track possible changes in 
the said biomarkers and determine the minimum 
supplementation period required for desired effects. 
Different populations (non-hyperlipidemic, non-
hypogonadal) of men should be tested to confirm if 
the testosterone-enhancing effects of Moringa also 
apply to healthy samples.   
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