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of metabolic syndrome, both of which can lead to peripheral 
vascular disease, kidney damage, and visual impairment 
[2–4]. Hyperlipidaemia, defined by elevated fasting choles-
terol, is often associated with increased triglycerides (TG) 
[5, 6]. These conditions may arise from various comorbidi-
ties or lifestyle factors and their presence independently 
increases cardiovascular risk [2, 6].

Sacha Inchi oil (SIO) is gaining popularity owing to its 
high content of omega-3 (Ω-3) fatty acids, such as alpha 
linolenic acid (ALA) [7]. ALA activates the receptor 
responsible for insulin sensitisation and the enhancement of 
glucose metabolism (PPARy) [8]. Clinical trials have sug-
gested significant reductions in BP following plant-based oil 
[9]. Omega-3 fatty acids exert lowering effects in hyperlipi-
daemic patients by decreasing hepatic lipogenesis, increas-
ing β-oxidation, inhibiting key enzymes involved in hepatic 
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Hyperglycaemia, characterised by elevated blood glucose 
due to insulin resistance (IR) and β-cell dysfunction, is a key 
feature of type 2 diabetes mellitus (T2DM) [1]. Hyperten-
sion or elevated blood pressure (BP) is another component 
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Abstract
Sacha Inchi oil (SIO), derived from seeds of Plukenetia volubilis L., is a novel plant source of unsaturated fatty acids, 
highly regarded for its health benefits. The rich fractions of polyunsaturated fatty acids have shown potential in improv-
ing or reducing the impact of hyperglycaemia, hypertension and hyperlipidaemia (3Hs) for both in vivo and preliminary 
human studies. This study aimed to investigate the effects of SIO supplementation on glycaemic, lipid and blood pressures 
outcomes of patients with 3Hs. A randomised, double-blind, placebo-controlled human clinical trial was conducted to 
investigate the effects of SIO supplementation in fifty-four (n = 54) 3Hs patients. Assessments of glycaemic control, blood 
pressure and lipid profiles were conducted and compared at baseline and week-12 after 3Hs patients were randomised into 
SIO group (n = 27) (received 1000 mg of SIO soft gel per day) or the placebo group (n = 27) (received 1000 mg of corn 
oil), with prescribed medications. The compliancy and tolerability of supplementation were assessed concurrently. The 
SIO group demonstrated lower systolic (-8.6 mmHg, p = 0.004) and diastolic blood pressure (BP) (-7.0 mmHg, p = 0.004), 
total cholesterol (TC) (-0.6 mmol/L, p = 0.024), low density lipoprotein-cholesterol (LDL-C) (-0.3 mmol/L, p = 0.036) and 
high density lipoprotein-cholesterol (HDL-C) (p = 0.048) but no effect on glycaemic markers. No clinical adverse events 
were reported, and the side effects of SIO supplementation were self-limiting and minimal. SIO supplementation showed 
the potential to alleviate BPs, reduced both TC and LDL-C, and improved HDL-C levels. SIO may offer a simple, novel 
complementary medicine for the management of 3Hs.
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TG synthesis, and increasing the expression of lipoprotein 
lipase, leading to increased TG removal from circulating 
very low density lipoprotein (VLDL) and chylomicron par-
ticles [10, 11].

A pioneer, double-blind, randomised, crossover trial 
found that 15 ml SIO supplementation into high-fat break-
fast among the metabolically unhealthy individuals reduced 
blood glucose levels and increased Sirtuin (SIRT-1) expres-
sion, a protein that enhances insulin secretion and activates 
insulin pathways [12]. Contradictorily, a 4 months trial (10 
or 15 ml SIO supplementation given to healthy adults) did 
not exhibit any significant change in regular and fasting 
blood glucose (FBG) levels [13]. Another trial conducted 
among the hypercholesterolaemic patients reported sig-
nificant reductions in lipid profiles after 4 months of SIO 
supplementation [14]. In animal study, daily ingestion of 
400 mg/kg Sacha Inchi diet was capable to reduce BP and 
improved oxidative damage in rats [15]. In an earlier study, 
0.5 ml/kgBW of SIO in Holtzman rats improved liver func-
tion, lowered cholesterol level and TG, increased HDL-C, 
and elevated insulin levels [16].

To the best of our knowledge, no research has examined 
the effects of SIO supplementation as a complimentary 
regimen for 3Hs patients. This study aimed to assess the 
effects of SIO supplementation on primary 3H indicators, 
including FBG, glycated haemoglobin (HbA1c), fasting 
serum insulin, insulin resistance (HOMA-IR), systolic and 
diastolic BP, and lipid profiles. The safety, tolerability, and 
adherence to the supplementation were also evaluated.

Materials and Methods

The Materials and Methods section is presented as supple-
mentary material.

Results and Discussions

Subjects

This was the first randomised human clinical trial in the 
Southeast Asia to evaluate the effects of SIO supplemen-
tation among patients with 3Hs. Fifty-four 3Hs patients 
were randomly categorised into the SIO or placebo group 
(n = 27 per group). At baseline, we observed no significant 
difference in any of the socio-demographic characteristics, 
nutritional status assessments, and the plasma fatty acid 
composition. The SIO group, however, performed more fre-
quent physical activity (p < 0.05), while a greater proportion 
of patients in the placebo group were smokers (p < 0.0001) 
(Table S5).

Effects of SIO Versus Placebo Supplementation on 
Glycaemic Markers

The baseline and post intervention glycaemic marker lev-
els are shown in Table 1. No significant changes in FBG, 
HbA1c, FSI or HOMA-IR were detected either in the SIO 
or placebo group. Hence, our study suggested that SIO 
supplementation did not affect glycaemic marker levels, 
in line with Foster et al. [17]. However, Alayón et al. [12] 
showed an attenuation effect on the elevation of blood glu-
cose and a marked increase in the expression of SIRT-1 in 
the SIO group. SIRT1 is a vital protein in the human body 
that stimulates glucose-dependent insulin secretion [12]. 
According to a recent meta-analysis, plant-derived omega-3 
PUFA supplementation ameliorates insulin resistance [18]. 
It is believed that omega-3 PUFAs reduce FBG levels by 
enhancing the sensitivity of insulin signals induced by 
G-coupling receptors of glucagon-like peptide 1 (GLP-1) 
and regulating the signalling pathways involved in insulin 
production [19]. The discrepant findings suggest the need 
for a larger sample size for human trials, and future studies 
are needed to unravel the complex interrelationship between 
SIO consumption and glycaemic control.

Effects of SIO Versus Placebo Supplementation on 
Systolic and Diastolic BPs

Compared with the placebo group, 3Hs patients who 
received SIO had significantly lower systolic (-7.8 ± 0.6 vs. 
-0.04 ± 0.3 mmHg; p = 0.004) and diastolic BP (-7.1 ± 1.1 
vs. -0.6 ± 1.1 mmHg; p = 0.004) (Table  1). Previous study 
reported that 10 or 15 mL of SIO emulsion reduced arterial 
BPs [11]. BP and vascular function are regulated through 
the reversible nitric oxide-sensitive guanylate cyclase 
(NOsGC) pathway [20]. The pathway that produces endo-
thelial nitric oxide (eNOS) is the primary source of blood 
NO [21]. eNOS knockout leads to hypertension and vas-
cular dysfunction [22]. Inadvertently, SIO exhibits radical 
scavenging activities against anionic, hydroxyl, ABTS and 
DPPH radicals that increase the pinocytosis of cells and 
increases NO production [23]. We suggest that BP reduction 
via PUFA consumption yields additional clinical benefits, as 
the n-6:n-3 ratio in our SIO supplement was 1:1.25, which 
is considered to be an almost ideal ratio. A balance n-6:n-3 
fatty acid ratio is crucial for reducing the risk of coronary 
heart disease [24].

Effects of SIO Versus Placebo Supplementation on 
Lipid Profiles

Significant improvements in TC (-0.5 ± 0.7 vs. 0.05 ± 0.6 
mmol/L; p = 0.024), LDL-C (-0.3 ± 0.7 vs. 0.2 ± 0.6 mmol/L; 
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p = 0.036), and HDL-C (0.001 ± 0.1 vs. -0.043 ± 0.0 mmol/L; 
p = 0.048) were observed in the SIO group after 12 weeks 
intervention (Table  1). The serum TG level remained 
unchange. Four months of consumption of 5 or 10 mL of 
SIO emulsion significantly reduced TC, LDL-C, non-HDL 
cholesterol, TG, VLDL and NEFAs in 24 hypercholesterol-
emic patients [25]. An organoleptic study reported that SIO-
supplemented high-fat diet attenuated the increase in TC, in 
addition to a reduction in interleukin-6 [26].

ALA is known to modulate lipid metabolism, improve 
lipid homeostasis, increase fatty acid β-oxidation through 
the upregulation of peroxisome-activated receptor-ɑ and 
the downregulation of sterol regulatory element-binding 
protein-1 [27]. Long chain omega-3 PUFAs, which are 
highly abundant in SIO, have potential health benefits for 
the modulation of balanced lipid profiles [28]. Earlier lit-
erature found that SIO consumption mitigated the increase 
in lipopolysaccharide (LPS) entry into circulation, thus 
suppressing the correlation between LPS and TG through 
the inhibitory effect of PUFAs, even in the presence of 
high TG levels [29, 30]. In addition, the effects of omega-3 
PUFAs on lipolysis can be modulated by perilipin and/or 
hormone-sensitive lipase (HSL). Perilipin recovers intra-
cellular lipidic particles in adipocytes, increases the access 

of HSL to adipocytes, and hydrolyses fatty droplets, lead-
ing to increased lipolysis. The lipoprotein lipase enzyme 
releases fatty acids through the hydrolysis of chylomicron 
and VLDL-triacylglycerol, reducing their level in the blood, 
thus resulting in a lipid-lowering effect [23].

The current SIO supplement contributed approximately 
88.8 mg of omega-9 fatty acid per day. Oleic acid is associ-
ated with cardiovascular insulin resistance, improved endo-
thelial dysfunction in response to proinflammatory signals, 
and reduced proliferation and apoptosis in vascular smooth 
muscle cells (VSMCs) [31, 32]. As such, we propose that 
oleic acid may partly involve in instability and underlying 
complications in the context of vascular smooth muscle 
remodelling. However, the detail pathway is yet to be fully 
understood.

Compliance, Tolerability and Adherence

All participants completed the trial. Most of the patients 
were well tolerated to the supplementation regimen. The 
main complaints were mild nausea (n = 4) and mild gastroin-
testinal discomfort (n = 2) during the first week of consump-
tion. Adherence to the trial was 97% for the SIO group and 
95% for the placebo group, respectively.

Table 1  Effects of SIO versus placebo on glycaemic markers, blood pressure and lipid profile
Variable Baseline 12-week p1 p2 F Power ηp2

FBG (mmol/L) SIO 8.6 ± 3.1 8.7 ± 2.8 0.781 0.416 0.679 0.126 0.020
Placebo 7.3 ± 1.8 7.8 ± 2.3

HbA1c (%) SIO 7.6 ± 2.1 7.5 ± 1.5 0.869 0.151 2.159 0.298 0.058
Placebo 7.1 ± 1.2 7.3 ± 1.2

FSI (microIU/mL) SIO 15.8 ± 0.6 15.8 ± 0.5 0.388 0.389 0.762 0.136 0.021
Placebo 15.8 ± 0.8 15.7 ± 0.7

HOMA-IR SIO 6.0 ± 2.1 6.1 ± 2.0 0.791 0.347 0.908 0.153 0.025
Placebo 5.1 ± 1.2 5.4 ± 1.7

SBP (mmHg) SIO 143.9 ± 2.6 135.3 ± 2.5 0.003** 0.004** 8.962 0.835 0.152
Placebo 143.9 ± 2.5 144.6 ± 2.5

DBP (mmHg) SIO 83.9 ± 1.4 76.9 ± 1.5 < 0.0001** 0.004** 9.271 0.848 0.156
Placebo 82.6 ± 1.4 81.9 ± 1.5

TC (mmol/L) SIO 5.1 ± 0.6 4.5 ± 0.6 < 0.0001*** 0.024* 5.607 0.633 0.633
Placebo 4.6 ± 0.8 4.6 ± 1.3

LDL-C (mmol/L) SIO 2.5 ± 0.9 2.2 ± 0.7 0.008** 0.036* 4.771 0.565 0.123
Placebo 2.5 ± 0.8 2.7 ± 1.2

HDL-C (mmol/L) SIO 1.2 ± 0.2 1.2 ± 0.2 0.975 0.048* 4.114 0.512 0.076
Placebo 1.2 ± 0.1 1.1 ± 0.1

TG (mmol/L) SIO 1.7 ± 0.7 1.7 ± 0.6 0.656 0.876 0.025 0.053 0.000
Placebo 1.6 ± 0.5 1.7 ± 0.5

Data are presented as mean ± standard deviation (SD)
*p < 0.05, **p < 0.01, ***p < 0.0001
p1 = p values generated using Independent Student’s t-test; p2 = p-values are reported based on repeated measures ANCOVA after adjustment 
for age, physical activity, smoking status and prescribed medication
FBG = fasting blood glucose; HbA1c = glycated haemoglobin A1c; FSI = fasting serum insulin; HOMA-IR = homeostatic model assessment of 
insulin resistance, SBP = systolic blood pressure; DBP = diastolic blood pressure, TC = total cholesterol; LDL-C = low-density lipoprotein cho-
lesterol; HDL-C = high-density lipoprotein cholesterol; TG = triglyceride
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potential to alleviate BPs, while reducing TC and LDL-C 
and improving HDL-C. This trial may contribute to the dis-
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