& frontiers

@ Check for updates

OPEN ACCESS

EDITED BY
Evelyn Nunes Goulart Da Silva Pereira,
Oswaldo Cruz Foundation (Fiocruz), Brazil

REVIEWED BY
Salvatore Vaccaro,

IRCCS Local Health Authority of Reggio
Emilia, Italy

Jyoti Chhimwal,

Institute of Himalayan Bioresource
Technology (CSIR), India

*CORRESPONDENCE
Parvin Mirmiran
Parvin.mirmiran@gmail.com

RECEIVED 02 October 2024
ACCEPTED 14 January 2025
PUBLISHED 03 March 2025

CITATION
Gholamrezayi A, Hosseinpour-Niazi S,
Mirmiran P and Hekmatdoost A (2025) The
effect of replacing grains with quinoa on

cardiometabolic risk factors and liver function

in patients with non-alcoholic fatty liver: a
randomized-controlled clinical trial.
Front. Nutr. 12:1505183.

doi: 10.3389/fnut.2025.1505183

COPYRIGHT

© 2025 Gholamrezayi, Hosseinpour-Niazi,
Mirmiran and Hekmatdoost. This is an
open-access article distributed under the
terms of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that the
original publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or reproduction
is permitted which does not comply with
these terms.

Frontiers in Nutrition

Frontiers in Nutrition

TYPE Clinical Trial
PUBLISHED 03 March 2025
pol 10.3389/fnut.2025.1505183

The effect of replacing grains
with quinoa on cardiometabolic
risk factors and liver function in
patients with non-alcoholic fatty
liver: a randomized-controlled
clinical trial
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Parvin Mirmiran'* and Azita Hekmatdoost!

!Department of Clinical Nutrition and Dietetics, Faculty of Nutrition Sciences and Food Technology,
National Nutrition and Food Technology Research Institute, Shahid Beheshti University of Medical
Sciences, Tehran, Iran, 2Nutrition and Endocrine Research Center, Research Institute for Endocrine
Sciences, Shahid Beheshti University of Medical Sciences, Tehran, Iran

Purpose: Quinoa is a food containing dietary fiber and various phytochemicals
with high nutritional value, which has a structure similar to whole grains. This
randomized controlled trial aimed to assess the effect of substituting grains with
quinoa on cardiovascular risk factors and liver function in individuals with Non-
alcoholic fatty liver disease (NAFLD).

Methods: Forty-six participants were randomly assigned to either a control
group, which maintained their regular grain-based diet, or an intervention
group, where grains were replaced with quinoa for 12 weeks. Participants in the
quinoa group were instructed to substitute grains with quinoa during lunch for
12 weeks. The primary outcome was to assess the changes in the Controlled
Attenuation Parameter (CAP) score between the intervention and control
groups. Secondary outcomes included the difference in cardiometabolic risk
factors and liver function between the two groups.

Results: Following 12 weeks of intervention with quinoa, a significant reduction
in weight, and waist circumferences (WC) were observed compared to the
control group (p value < 0.05). Furthermore, even after adjustment for weight
change, there was a significant reduction in CAP score, serum levels of low-
density lipoprotein cholesterol (LDL-C), and an improvement in homeostatic
model assessment for insulin resistance (HOMA-IR) in the quinoa group
compared to the control group after the 12 weeks (p value < 0.05). However,
no significant changes were observed in other measured parameters, including
liver enzymes, fibroscan, fasting plasma glucose, total cholesterol (TC), high-
density lipoprotein cholesterol (HDL-C), and inflammatory factors.

Conclusion: This study demonstrated that replacing grains with quinoa led to a
significant improvement in the CAP score, HOMA-IR, and LDL-C in individuals
with NAFLD, regardless of any weight changes. Thus, incorporating quinoa—a
plentiful and low-cost source of bioactive compounds—into the diets of NAFLS
patients as a staple food could improve several cardiometabolic risk factors in
these individuals.

Clinical Trial Registration: IRCT20100524004010N37.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is one of the most
prevalent liver diseases in the world. NAFLD includes a wide range of
pathological conditions, from simple hepatic steatosis to nonalcoholic
steatohepatitis (NASH). Simple hepatic steatosis is characterized by a
high accumulation of triglycerides (TG) in more than 5% of liver
weight/volume, while NASH involves liver cell inflammation and
destruction that can progress to cirrhosis and hepatocellular
carcinoma (1). The worldwide prevalence of NAFLD is estimated at
25%, with this number steadily rising due to the obesity epidemic (2).
NAFLD often co-occurs with metabolic syndrome manifestations in
the liver, such as dyslipidemia, insulin resistance, obesity, and
hypertension (3). Pathological factors like insulin resistance, lipid
metabolism dysfunction, oxidative stress, inflammation, apoptosis,
and fibrosis are closely associated with NAFLD (4). This condition is
recognized as a leading cause of mortality from liver diseases (5).

The main risk factors associated with this condition involve a diet
rich in fat, excessive consumption of simple sugar, and consuming
large meals close to bedtime (2). Treatment strategies for managing
NAFLD
non-pharmacological

include a combination of pharmacological and
Lifestyle

maintaining healthy dietary habits, weight reduction for overweight

approaches. modifications,
individuals, and consistent physical activity are among the most
successful interventions for NAFLD (6, 7). Studies have indicated that
a diet high in antioxidants can be an effective treatment for
NAFLD (8).

Quinoa, scientifically known as Chenopodium quinoa, has gained
significant popularity in European, African, and North American
countries in recent times (9). It is recognized as a valuable source of
phytochemicals with antioxidant properties, including flavonoids,
phenolic acids, and fat-soluble vitamins (10). Quinoa boasts a higher
quantity and quality of protein compared to other grains and is gluten-
free, easily digestible, and rich in protein content (11). Additionally, it
has a low glycemic index, an optimal omega-6 to omega-3 ratio, 10%
dietary fiber, and is abundant in vitamins such as riboflavin, folic acid,
and thiamine, surpassing rice in these nutrients (11, 12). Its nutritional
and biological characteristics have led to its designation as “one of the
grains of the 21st century; with documented beneficial effects on
obesity, cancer, diabetes, immune regulation, and cholesterol
reduction (13). Research suggests that the favorable properties of
quinoa may influence various metabolic factors, potentially benefiting
individuals with conditions like obesity and type 2 diabetes (14).
Additionally, another study involving quinoa in a high-fat diet in rats
showed improvement in hepatic steatosis, oxidative stress, and
inflammatory responses, along with reduced levels of non-esterified
fatty acids in the liver and adipose tissue (15). Therefore, it seems that
all these beneficial factors in quinoa may have positive health effects
on many metabolic factors. Some evidence and human studies on
obese individuals and those with type 2 diabetes indicate the
potentially beneficial effects of quinoa on metabolic factors involved
in the pathogenesis of NAFLD disease (16-18). Animal studies have
indicated that quinoa consumption can lower total cholesterol (TC),
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low-density lipoprotein cholesterol (LDL-C), liver TG, liver enzymes
aspartate transaminase (AST) and alanine transaminase (ALT), and
malondialdehyde levels, as well as mitigate liver damage (19, 20).

While human studies investigating the effects of quinoa on
NAFLD patients are lacking, existing research on other populations
has yielded conflicting results. This study aims to investigate the effects
of quinoa consumption on cardiovascular risk factors and liver
function in individuals with NAFLD.

Materials and methods
Participants and study design

This is a randomized controlled trial (RCT). This RCT was
registered in the Iranian Registry of Clinical Trials (IRCT) (code:
IRCT20100524004010N37).! The Ethics Committee of Shahid
Beheshti University of Medical Sciences approved the study. At the
commencement of the trial, written informed consent was obtained
from all subjects.

Of the participants who attended the clinic Gastroenterology and
Hepatology at hospitals affiliated with Shahid Beheshti University of
Medical Sciences, Tehran, from July 23, 2023, to October 25, 2023. A
total of 115 NAFLD subjects were screened. Diagnosis of NAFLD was
performed according to the criteria of the American Gastroenterology
Association (21), including evidence of liver steatosis based on liver
elastography (grade 1 to 3 fatty liver) and a Controlled Attenuation
Parameter (CAP) score of more than 263. Eligible participants had a
clinical diagnosis of NAFLD, were aged 18-50 years, and had a body
mass index (BMI) of more than 25 kg/m? Exclusion criteria included
dietary changes due to a specific disease, weight loss of more than 5%
in the last 6 months, kidney and/or liver disease (such as Wilson
disease, autoimmune liver disease, hemochromatosis, viral infections,
or alcoholic fatty liver), cardiovascular disease, diabetes, malignancy,
thyroid disorder, autoimmune disease, and the use of hepatotoxic
drugs (such as methotrexate, amiodarone, tamoxifen, nifedipine,
corticosteroids, valproate, and antiviral drugs), history of smoking,
drug abuse, using dietary supplements, and history of quinoa allergy.

Randomization and allocation
concealment

Permuted block randomization sequences (six participants per
block) were created by the randomization website.? Participants were
assigned randomly (1:1 ratio) to either the quinoa group or the control
group. The recruitment of participants is shown in Figure 1.

1 https://en.irct.ir/trial/37196

2 http://www.randomization.com
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Assessed for eligibility
(@=115)

Excluded (n = 69)
- Not meeting inchuzion

criteria (o = 48)
o] - Refused to participate (=

Enrollment

A

12)
- Other reason (n =9)

Randomized (n = 46)

Allocated to Quinoa groups (n=23)

Allocated to control groups (n = 23)

Allocation
Patients

Lost to follow-up (1 subjects for not
following the use of Qumoa, and 2 subjects
due to the use of drugs that affect the liver)

(n=3)

Follow-up
Patients

Lost to follow-up (1 subjects left for
unknown reasons, and 1 subjects due to the
use of supplements that affect the liver) (n =

2)

Analysed ITT) (n=23)

Analysis
Patients

FIGURE 1
Consort flow diagram for the trial.

Analysed (ITT) (n=23)

An independent staff member randomly assigned the participants
to one of the two interventions. The treatment allocation was
concealed from all researchers using sequentially numbered sealed
opaque envelopes. These envelopes were opened sequentially in the
presence of participants during their initial visit.

Blinding

In the current study, regarding the type of interventions, blinding
of participants to their group allocation was not achievable.
Nevertheless, before enrollment, participants were unaware of their
group assignments. The researcher and laboratory technicians
evaluating the outcome were kept blind to the intervention sequences.

Dietary interventions

At the beginning of the study, the objectives were explained to the
participants and general recommendations regarding healthy food
intake were provided for 2 weeks (run-in period). Eligible participants
were randomly allocated to the quinoa group or control group over
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12 weeks. Participants in the quinoa group were instructed to
substitute grains with quinoa during lunch for 12 weeks. Due to the
participants being overweight and obese, the dietary interventions
were structured to provide 500 kcal/d less than their energy
requirement. The amount of macronutrients was calculated as 55%
from carbohydrates, 15% from protein, and 30% from fat. The amount
of quinoa consumed at lunch by each person was determined
according to the calories and carbohydrates calculated based on
weight, height, and gender, averaging 49.56 + 8.77 grams in the
studied population (intervention group).

The quinoa used in this study was purchased from Kara Quinoa
Company, (Hamedan, Iran). The macronutrient, micronutrient, and
vitamin contents of cooked quinoa are shown, respectively, in Table 1
and Supplementary Table S1. The researcher provided instructions on
how to cook quinoa in the intervention group. Furthermore,
participants in the control group were instructed to avoid consuming
products containing quinoa throughout the study.

The researcher contacted the participants weekly to monitor the
consumption of quinoa and grains in the intervention and control
groups, respectively. To assess the adherence to interventions, the
researcher compared the intake of quinoa and grains by the
participants with the dietary instructions and reinforced their dietary
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TABLE 1 Macro-nutrient contents of quinoa and selected foods, per
100 grams cooked weight.

‘ Quinoa ‘ Bean ‘ Maize ‘ Rice ‘ Wheat

Energy 399 367 408 372 392
(Kcal/100 g)

Protein 16.5 28.0 10.2 7.6 14.3
(/100 g)

Fat (g/100 g) 63 11 47 22 23
Total 69.0 61.2 81.1 80.4 78.4
carbohydrate

(/100 g)

adherence. Non-adherence was defined as consuming less than 80%
of the recommended amount of Quinoa. Additionally, dietary
information was gathered using 24-h dietary recall throughout the
study. The intake of macro- and micronutrients was determined using
NUTRITIONIST IV version 7.0 (N-Squared Computing, Salem, OR,
United States), designed for Iranian foods. Participants were instructed
to maintain their level of physical activity and not alter their
medications during the 12-week interventions unless advised by their
healthcare providers.

Primary and secondary outcomes

The primary outcome was the difference in the change of CAP
score between the two groups from baseline until the 12-week
follow-up. The secondary outcomes included changes in ALT, AST,
Gamma-glutamyltransferase (GGT), Fibroscan, weight, WC, fasting
blood sugar (FBS), insulin, homeostatic model assessment for insulin
resistance (HOMA-IR), quantitative insulin sensitivity check index
(QUICKI), High-sensitivity C-reactive protein (hs-CRP), and
lipid profiles.

Measurements

Demographic and dietary intake assessment

The International Physical Activity Questionnaire (IPAQ) (22
was utilized to regulate and evaluate the participants’ degree of
physical activity, serving as a confounding factor in assessing physical
activity levels. The participants’ physical activity, as measured by this
questionnaire, was assessed at the beginning and end of the study.

Anthropometric assessment

Weight was assessed using a Seca portable digital scale
manufactured in Germany, which has a precision of 100 g. The
measurement was taken with minimum clothing and without wearing
shoes. The height was determined using a stadiometer, which has a
precision of 0.5 cm, and the measurement was taken without wearing
shoes. BMI was computed using the formula: weight (in kilograms)
divided by height squared (in meters). The waist circumference (WC)
were measured using a Seca waist measuring instrument, namely in
the central area between the iliac crest and the final rib.

At the baseline and the 12-week follow-up, following a fasting
period of 10-12h, the laboratory technician collected 10 mL of
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venous blood from the participants. Following coagulation in the
surroundings, the serum was promptly separated using centrifugation
and stored at a temperature of —70°C until it was dispatched to the
laboratory for analysis. The liver enzymes ALT, AST, and GGT, as well
as high-density lipoprotein cholesterol (HDL-C), TG, and FBS content
were assessed using a Pars Azmon Company kit (Pars Azmon, Tehran,
Iran) and an enzymatic colorimetric approach. The Pars test kit
utilized enzyme photometry to quantify the levels of TC (Pars Azmon,
Tehran, Iran). LDL-C concentration was also calculated using
Friedewald formula (23): LDL-C (mg/dL) = TC (mg/dL) — HDL-C
(mg/dL) — TG (mg/dL)/5. Serum insulin concentration was measured
using a commercial enzyme-linked immunosorbent assay (ELISA) kit
(DiaSorin ELISA kit, Italy, REF 310360).

HOMA-IR (insulin resistance index) and QUICKI (insulin
sensitivity index) indices were calculated using the following formulas.

HOMA - IR = FBS (mg / dI) x Fasting Insulin (U / ml) ] / 405
(24).

QUICKI =1/ [log Fasting Insulin (uU / ml) + log FBS (mg / dl)]
(24).

The manufacturer’ instructions were followed to measure serum
levels of hs-CRP using a colorimetric enzyme-linked immunosorbent
assay (R&D Systems, Minneapolis, MN).

Changes in liver function and liver fibrosis were also performed
using fibroscan under the supervision of a gastroenterology and
liver specialist.

Statistical analysis methods

All analyses were conducted using Stata software version 14.0
(StataCorp LLC, TX, United States). In the current study, 42
participants were required to detect (a error = 0.05, f} error = 0.20)
differences in a 25 IU/L reduction in ALT between quinoa and control
groups (25). Accounting for an attrition rate of 10%, finally 23
participants were included in each group.

All participants who were randomly assigned to the dietary
interventions underwent analyses following the intention-to-treat
(ITT) principle. The Multiple imputation, Chained Equations (MICD)
procedure was used to impute missing data for both primary and
secondary outcomes for the 5 participants who withdrew from the
study. The predictors in the multiple imputation process encompassed
all variables listed in Table 2.

The demographic variables and dietary variables are reported as
mean + standard deviation (SD), and dichotomous variables as count
(percentage) in the baseline characteristics. The histograms and the
Shapiro-Wilk test were used to evaluate the normal distribution of
primary and secondary outcomes. Analysis of covariance (ANCOVA),
with adjustment for baseline values (model 1) and weight change
(model 2), was employed to compare the effects of quinoa versus the
control group on changes in the primary and secondary outcomes. All
statistical tests were considered statistically significant when the p
value was <0.05.

Results
Characteristics of the participants

This RCT was conducted from July 23, 2023, to October 25, 2023.
A total of 46 eligible participants with NAFLD were randomly
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TABLE 2 Baseline characteristics of participants according to group of
intervention.

Control p value
group
(n =23)

Age,y 39.6+5.1 39.9+5.5 0.884
Male, 1 (%) 19 (51.4) 18 (48.6) 0.500
Weight, Kg 92.3+£12.0 925+ 11.1 0.976
BMI, kg/m? 299+5.1 31.7+£5.1 0.248
Waist circumference, 1113+7.7 109.5+7.8 0.421
Cm

Physical activity, 30.5+4.3 30.6 4.7 0.874
Met. h/wk

CAP score 315+ 35 315+ 36 0.949
FPS, mg/dl 943 £10.2 98.8 £10.7 0.158
HOMA-IR 37+19 35+1.8 0.724
QUICKI 0.32 £0.021 0.32 +£0.023 0.685
Insulin 158+7.4 144+69 0.508
ALT, IU/L 356+ 13.1 33.1+11.4 0.495
AST, IU/L 30.6 £ 8.8 30.6£9.7 0.892
GGT, IU/L 333+17.7 342+14.2 0.872
TC, mg/dl 186 +29 190 +29 0.624
TG, mg/dl 177 £ 48 176 £ 57 0.964
HDL-C, mg/dl 39.1+£3.7 394+6.5 0.824
LDL-C, mg/dl 116 +£26.2 119 £25.6 0.696
FibroScan 59+21 6.2+21 0.663
hs-CRP, mg/L 4.2+33 41+£29 0.942

Data are mean + SD unless otherwise indicated.

FPS, fasting plasma glucose; BMI: Body mass index; WC: waist circumference; CAP;
Controlled Attenuation Parameter; HOMA-IR, Homeostatic Model Assessment for Insulin
Resistance; QUICKI, Quantitative insulin sensitivity check index; ALT, Alanine
transaminase; AST, aspartate aminotransferase; GGT, gamma-glutamyl transferase; TC, total
cholesterol; TG, triglycerides, HDL-C, high-density lipoprotein cholesterol; LDL-C, low-
density lipoprotein cholesterol; hs-CRP, High sensitivity C-reactive protein.

assigned to either quinoa (n = 23) or control (n = 23) groups. Five
participants withdrew from the study. Finally, all patients (23 in the
quinoa and 23 in the control groups) entered the analysis with
intention-to-treat (ITT) analysis (Figure 1).

Table 2 presents the baseline characteristics of participants. There
were no significant differences observed between the quinoa and
control groups in terms of basic characteristics including sex, age,
physical activity level, anthropometric characteristics, liver enzymes,
liver function, glycaemic status, and lipid profile. The mean age and
BMI of the participants were 39.6 + 5.1 years and 32.2 + 4.4 kg/m’ in
the quinoa group and 39.9 + 8.5 years and 31.7 + 5.1 kg/m” in the
control group, respectively.

The dietary intake of macronutrients and micronutrients for
participants in both the quinoa and control groups is presented in
Table 3. At the end of the follow-up period, both the Quina and
control groups showed a decrease in energy and carbohydrate intake,
along with an increase in Vitamin E intake. In the quinoa group, fat
and omega-6 consumption decreased, while omega-3 intake increased
at the end of intervention. There were no significant differences found
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in the intake of protein, saturated fatty acid (SFA), cholesterol, fiber,
magnesium, and vitamins at the end of the study in both groups.

Primary outcomes

A reduction in CAP score was observed at week 12 in the quinoa
group after adjustment for baseline value. The mean difference + SD
in change was —32.3+6.2 in the quinoa group compared to
—13.8 + 6.2 in the control group, with a p value of 0.044. The difference
in change of CAP score between the groups remained significant, after
adjusting for weight change (—29.0 £ 6.4 in the quinoa group vs.
12.2 + 6.3 in the control group; p value = 0.039) (Table 4).

Secondary outcomes

Based on the results presented in Table 4, at week 12, the quinoa
group exhibited decreases in ALT (—7.32 + 2.2 in the quinoa group vs.
—3.59 + 2.2 in the control group; p value = 0.251), AST (—=7.42 £ 3.1 in
the quinoa group vs. 0.30 + 3.1 in the control group; p value = 0.101),
and fibroScan (—0.56 + 0.2 in the quinoa group vs. —0.17 + 0.2 in the
control group; p value = 0.146); however, the difference between the
two groups was not significant.

Additionally, within the quinoa group, significant decreases were
observed in HOMA-IR (—0.97 +0.23 in the quinoa group vs.
-0.03 £0.23 in the control group; p value = 0.009) and insulin
concentration (—3.65 * 0.9 in the quinoa group vs. —0.50 + 0.9 in the
control group; p value = 0.021). However, after adjustment for baseline
value and weight change, only HOMA-IR displayed a reduction after
12 weeks of quinoa intervention, when compared to the control group
(—0.85 £ 0.24 in the quinoa group vs. —0.15 + 0.24 in the control
group; p value = 0.050).

Furthermore, significant reductions in TG (—17.2 + 6.1 in the
quinoa group vs. 3.1 + 6.1 in the control group; p value = 0.024) and
LDL-C (—13.83 £0.3.7 in the quinoa group vs. 2.19 3.7 in the
control group; p value = 0.005) levels were noted in the quinoa group,
compared to the control group. However, after adjustment for baseline
value and weight change, only LDL-C displayed a reduction after
12 weeks of quinoa intervention, when compared to the control group
(—12.81 £ 3.9 in the quinoa group vs. 1.18 + 3.9 in the control group;
p value = 0.018).

Both weight (—3.1 + 0.7 in the quinoa group vs. -0.5 + 0.7 in the
control group; p value = 0.017) and WC (—2.3 £ 0.6 in the quinoa
group vs. —0.5 + 0.6 in the control group; p value = 0.035) decreased
following quinoa consumption, and the difference between the two
dietary interventions was significant. Lastly, no significant difference
in hs-CRP concentration was reported at week 12 in either quinoa or
control groups (Table 4).

Discussion

To our knowledge, this study is the first randomized control trial
that has assessed the effects of substituting lunch grains with quinoa
on obesity indicators, lipid profile, glycemic status, and liver function
in patients with NAFLD. This study revealed that the substitution of
grains with quinoa significantly improved the CAP score, HOMA-IR,
and LDL-C in NAFLD subjects, independent of weight change.

The findings of our study showed a significant decrease in CAP
score after 12 -weeks of intervention with quinoa compared to the
control group. However, we did not observe beneficial or significant
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TABLE 3 Dietary intake of the participants according to quinoa and control groups.

Quinoa

Baseline After 12

p value?

Control

Baseline After p value?

Energy (Kcal/d) 2,359 + 473 2089.3 + 360.4 <0.001 2,526 + 740.8 2,240 £ 791 0.003 0.420
Carbohydrate (g/d) 298 +77.5 259.12 +55.4 0.001 338 +127 265 + 112 <0.001 0.822
Protein (g/d) 94.2 +21.6 92.8 +21.8 0.739 97.2+35.1 95.1+25.8 0.304 0.762
Fat (g/d) 92.7+£17.3 79.8 £15.9 0.002 95.4 £ 30.9 84.8 £50.5 0.116 0.662
SFA (g/d) 23.6+5.0 21.8+5.0 0.098 30.3+£27.3 27.5+21.0 0.353 0.221
MUFA (g/d) 41.8+£40.2 30.1+£7.7 0.188 29.4+£6.9 269 +£19.3 0.640 0.475
Cholesterol (mg/d) 254+ 85.7 246 + 83.6 0.731 263 +163.5 228 + 1424 0.163 0.602
Fiber (g/d) 27.1+7.3 255+6.5 0.325 26.3+11.9 26.8 +14.1 0.601 0.692
Omega 3 (mg/d) 1.2+ 0.6 3.5+11.2 <0.001 141+1.0 126+1.2 0.676 0.401
Omega 6 (mg/d) 7.8+2.4 6.2+23 <0.001 159 +28.1 14.2 £23.1 0.125 0.110
Magnesium (mg/d) 278 +139 270 +137 0.317 245.7 £ 112.6 239.4 £102.6 0.700 0.229
Vitamin A (RE) 945 + 157 1,022 + 162 0.312 894 + 490 963 + 318 0.447 0.593
Vitamin E (mg/d) 8.3+6.1 10.4 £ 4.9 0.036 9.8+74 114 +5 0.042 0.810
Vitamin C (mg/d) 90.8 +£43 90.1 +£54 0.701 86.1 £35.3 97.6 £33.3 0.670 0.502
Vitamin D (mcg/d) 8.7+6 9.1+3.6 0.481 88+£53 9.6 £5.7 0.268 0.471

Data are expressed as Mean + SD.

PUFA, Polyunsaturated fatty acid; SFA, Saturated fatty acid; MUFA, Monounsaturated fatty acid.
“p-values for comparison of within-group differences.

bp-values for comparison of mean values between two groups.

Bold values are significant.

effects on liver enzymes and fibroscan. Despite the potential benefits
of quinoa on liver tissue function, it does not seem to reduce
inflammatory processes caused by elevated liver enzyme levels. Our
findings are clinically significant as a CAP score above 280 or
290 dB/m indicates severe steatosis with a 22% prevalence of increased
liver stiffness in subjects with metabolic risk factors, while a CAP
score between 248 and 290 dB/m is associated with only a 5%
prevalence of increased liver stiffness (26). To our knowledge, no
human studies have been conducted to investigate these aspects of
liver function, with current studies limited to animal studies. For
instance, a study by Song et al. in 2021 investigated the effect of
feeding varying amounts of quinoa (300 grams per day) for 12 weeks
in male rats with fatty liver (19). The results showed reduced TG and
TC levels in the liver, decreased liver damage, increased antioxidant
activities, and overall prevention of NAFLD by controlling body
weight, reducing oxidative stress, and regulating lipid metabolism and
immune response gene expression (19). The relatively low levels of
liver enzymes may explain the modest effect of this intervention.
Additionally, the small average intake of quinoa (about 49 grams)
compared to the animal study may also contribute to these findings.
Furthermore, significant and decreasing changes were shown in
all anthropometric factors, including weight, and WC, in the quinoa
group compared to the control group. As weight loss interventions are
considered crucial in the treatment of certain conditions, these
findings may contribute to improving various pathogenic processes
associated with the disease (21). Evidence suggests that a weight loss
of at least 5% of body weight is necessary to enhance histological and
functional liver symptoms. The observed weight loss of approximately
3% following quinoa intervention could explain some of our results,
such as the lack of significant effects on liver enzymes (21). Therefore,
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combining quinoa intervention with weight loss regimes may enhance
treatment outcomes and improve patients’ adherence to weight loss
protocols. A meta-analysis conducted in 2021 on five RCT studies
with a total of 206 participants, revealed that supplementation with
quinoa seeds led to a significant reduction in weight, WC, and fat mass
(27). However, no significant effect on BMI reduction was reported,
possibly due to the limited number of studies and also some trials
involving individuals with normal weight. Laboratory studies suggest
that phytoectosteroids, particularly 20-hydroxyecdysone, play a key
role in the weight loss mechanism induced by quinoa consumption.
These compounds are believed to reduce the size and storage capacity
of fat cells, downregulate genes involved in fat accumulation such as
lipoprotein lipase, and modulate related to inflammatory adipokines
(28, 29). Several mechanisms are proposed to be involved in this
weight loss process, including favorable alterations in hormone level
that influence appetite regulation, such as leptin and ghrelin (30).
Additionally, quinoa’s high content of soluble and insoluble fiber may
increase satiety and correct intestinal dysbiosis (31, 32). Furthermore,
the presence of quinoa saponins is thought to reduce systematic
inflammation (33). These combined mechanisms highlight the
potential of quinoa as a beneficial dietary component for weight
management and overall health.

The current study’s findings indicate that, except for HOMA-IR,
there were no significant differences in glycemic indices after
12 weeks of substituting lunch grains with quinoa compared to the
control group. Similar results were also reported in other studies.
For instance, a prospective and double-blind study involving 35
overweight women found no significant effect on FBS when
comparing the group consuming 25 grams of quinoa flakes to those
having corn flakes after 4 weeks of intervention (34). Another study
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TABLE 4 The 12-week change in anthropometric characteristics, liver enzymes, liver function, glycaemic indices, and lipid profile after the quinoa and
control groups.

Quinoa group Control group

(n = 23) (n = 23)

Primary outcome

CAP score
Model 1 —323+6.2 —13.8+6.2 0.044
Model 2 —29.0+6.4 —12.2+6.3 0.039

Secondary outcomes

Weight, Kg

Model 1 -3.1%0.7 -0.5%0.7 0.017
WC, Cm

Model 1 —23+0.6 -0.5+0.6 0.035

Liver enzyme and liver function

ALT, IU/L
Model 1 —8.22+2.1 —2.69+2.1 0.081
Model 2 —7.32+22 —3.59+22 0.251
AST, IU/L
Model 1 —6.96 + 3.0 —0.16 + 3.0 0.121
Model 2 —7.42+3.1 0.30 3.1 0.101
FibroScan
Model 1 —0.60 +0.2 —0.12+0.2 0.061
Model 2 —0.56 + 0.2 —0.17+0.2 0.146
GGT, IU/L
Model 1 —0.28+2.8 1.52+2.8 0.655
Model 2 0.72+2.8 0.51+2.8 0.961

Glycaemic indices

FPG, mg/dL
Model 1 -1.6+2.0 1.9+2.1 0.230
Model 2 -1.7+21 21£2.1 0.226
HOMA-IR
Model 1 —0.97 £0.23 —0.03 £0.23 0.009
Model 2 —0.85+0.24 —0.15+0.24 0.050
QUICKI
Model 1 0.011 £ 0.01 0.006 % 0.01 0.530
Model 2 0.012 +0.01 0.005 +0.01 0.409
Insulin
Model 1 —3.65+0.9 —0.50 + 0.9 0.021
Model 2 —3.14+0.9 —1.00 £ 0.9 0.106
Lipid profile
TC, mg/dL
Model 1 —8.46+ 4.2 —1.06 + 4.2 0.222
Model 2 —7.83+43 -1.69+4.3 0.343

LDL-C, mg/dL

Model 1 —13.83+3.7 2.19+£3.7 0.005

Model 2 —12.81+3.9 1.18 £3.9 0.018

(Continued)
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TABLE 4 (Continued)

Quinoa group

10.3389/fnut.2025.1505183

Control group

(n = 23)
TG, mg/dL
Model 1 —-17.2+6.1 31+6.1 0.024
Model 2 —-15.9+6.3 1.6+6.3 0.063
HDL-C, mg/dL
Model 1 —0.39 + 0.4 —0.19+ 0.4 0.753
Model 2 —0.25+ 0.4 —0.33+ 04 0.898
Inflammatory marker
hs-CRP, mg/L
Model 1 0.32+0.4 0.62 + 0.4 0.565
Model 2 0.32+0.4 0.62+0.4 0.594

Data are expressed as Mean + SEM.
Significant data is bolded.

FPS, fasting plasma glucose; BMI, Body mass index; WC, waist circumference; CAP, Controlled Attenuation Parameter; HOMA-IR, Homeostatic Model Assessment for Insulin Resistance;
QUICKI, Quantitative insulin sensitivity check index; ALT, Alanine transaminase; AST, aspartate aminotransferase; GGT, gamma-glutamyl transferase; TC, total cholesterol; TG, triglycerides,
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; hs-CRP, High sensitivity C-reactive protein.

Model 1 adjusted for baseline values.
Model 2 adjusted for baseline values and weight change.

in Brazil involving students aged 18-45years did not show
significant effects on glycemic index after a 30-day intervention
with quinoa (35). Furthermore, a RCT with a parallel design
investigating the effects of 25 and 50 grams of quinoa per day on 50
overweight and obese participants over 12 weeks did not report
significant effects on FBS and insulin levels (18). Overall, evidence
suggests that the major effect of quinoa on glycemic status is related
to postprandial glucose response and enhanced insulin sensitivity
(17). Compounds like 20-hydroxyecdysone and polyphenols,
particularly flavonoids present in quinoa, may increase insulin
sensitivity and improve hepatic gluconeogenesis by affecting PI3K-
dependent insulin signaling pathways (29, 36). In addition, the high
fiber content and low glycemic index of quinoa compared to other
grains may also contribute to these beneficial effects (34).

After 12 weeks of intervention with quinoa compared to the
control group, there was a significant decrease in serum TG and
LDL-C levels. The effect of quinoa on TG concentration
disappeared after adjustment for weight change. Consistent with
our findings, various studies have reported similar results showing
a significant reduction in TG and no significant impact on serum
HDL-C following quinoa intervention (16, 18, 27, 34). However,
conflicting results have been reported regarding TC and LDL-C
levels. For instance, a comprehensive study demonstrated a
decrease in both factors after quinoa consumption (27), while a
study involving obese and overweight individuals did not show
significant effects after a 12-week intervention (18). These
contradictory results can be caused by the variety in the type of
quinoa-containing products, the dosage administered to
participants, and notably, the variation in baseline levels of these
factors across studies. The beneficial effects of quinoa on lipid
profile levels may be attributed to its high fiber content, and the
presence of compounds such as 20-hydroxyecdysone, polyphenols,
and phytosterols, which are key factors in reducing blood lipid
levels (27). Additionally, the protein isolated from quinoa could
play a role in lowering cholesterol by reducing the expression of
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hepatic 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA)
reductase and increasing bile acid excretion from the
intestine (37).

According to comprehensive review (38), there is no evidence that
quinoa has a different effect on cardiovascular risk factors between
men and women. Therefore, gender is not a relevant variable in this
study and we did not perform analyses based on gender.

One of the most important strengths of this study was the
interpretation of the findings based on the ITT principles, a low dropout
rate, and a RCT design that allowed for controlling the confounders.
Additionally, this study was the first human investigation into the
potential benefits of substituting lunch grains with quinoa for patients
with NAFLD. However, several limitations warrant consideration. The
assessment of adherence to dietary interventions relied on self-report
diet records, and due to limited funding, we were unable to measure the
effective amount of bioactive substances in quinoa to assess adherence
accurately. To address this, a dietitian contacted participants weekly to
reinforce adherence to dietary recommendations. Another limitation
was the lack of blinding participants to the study objectives, potentially
influencing their behaviors. Furthermore, not conducting liver biopsies,
the gold standard for NAFLD treatment assessment, was another
constraint in the current study.

Conclusion

The findings of our study indicate that substituting quinoa for
traditional lunch grains may have a beneficial effect on weight
and LDL-C levels. Thus,
incorporating quinoa—a plentiful and low-cost source of bioactive

management, insulin resistance,
compounds—into the diets of NAFLS patients as a staple food could
improve several cardiometabolic risk factors in these individuals.
However, additional high-quality studies with larger sample sizes, as
well as investigation into the bioactive components of quinoa, are

necessary to validate and strengthen our results.

frontiersin.org


https://doi.org/10.3389/fnut.2025.1505183
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Gholamrezayi et al.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Shahid Beheshti
University of Medical Sciences. The studies were conducted in
accordance with the local legislation and institutional requirements.
The participants provided their written informed consent to
participate in this study.

Author contributions

AG: Conceptualization, Data curation, Formal analysis,
Investigation, Resources, Software, Validation, Writing - original
draft, Writing - review & editing. SH-N: Formal analysis,
Investigation, Methodology, Visualization, Writing - review &
editing. PM: Conceptualization, Data curation, Investigation,
Methodology, Project administration, Resources, Supervision,
Writing - original draft, Writing - review & editing. AH:
Conceptualization, Formal analysis, Investigation, Methodology,
Resources, Supervision, Visualization, Writing - original draft,
Writing - review & editing.

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. This work was
supported by Faculty of Nutrition Sciences and Food Technology,
Shahid Beheshti University of Medical Sciences, Tehran, Iran.

References

1. Sheka AC, Adeyi O, Thompson J, Hameed B, Crawford PA, Ikramuddin S.
Nonalcoholic steatohepatitis: a review. JAMA. (2020) 323:1175-83. doi: 10.1001/
jama.2020.2298

2. Younossi Z, Anstee QM, Marietti M, Hardy T, Henry L, Eslam M, et al. Global
burden of NAFLD and NASH: trends, predictions, risk factors and prevention. Nat Rev
Gastroenterol Hepatol. (2018) 15:11-20. doi: 10.1038/nrgastro.2017.109

3. Paschos P, Paletas K. Non alcoholic fatty liver disease and metabolic syndrome.
Hippokratia. (2009) 13:9-19.

4. Xu 'Y, Chen F, Tan HY, Wang N, Feng Y. Herbal medicine in the treatment of non-
alcoholic fatty liver diseases-efficacy, action mechanism, and clinical application. Front
Pharmacol. (2020) 11:523808. doi: 10.3389/fphar.2020.00601

5. Vahedi H, Atefi M, Entezari MH, Hassanzadeh A. The effect of sesame oil
consumption compared to sunflower oil on lipid profile, blood pressure, and
anthropometric indices in women with non-alcoholic fatty liver disease: a randomized
double-blind controlled trial. Trials. (2022) 23:551. doi: 10.1186/s13063-022-06451-1

6. Ando Y, Jou JH. Nonalcoholic fatty liver disease and recent guideline updates. Clin
Liver Dis. (2021) 17:23-8. doi: 10.1002/cld.1045

7. Aller R, Fernandez-Rodriguez C, Lo Iacono O, Bafiares R, Abad ], Carrién JA, et al.
Consensus document. Management of non-alcoholic fatty liver disease (NAFLD).
Clinical practice guideline. Gastroenterol Hepatol (English edition). (2018) 41:328-49.
doi: 10.1016/j.gastrohep.2017.12.003

8. Nikkhajoei M, Choopani R, Tansaz M, Heydarirad G, Hashem-Dabaghian F,
Sahranavard S, et al. Herbal medicines used in treatment of nonalcoholic fatty liver
disease: a mini-review. Galen Med J. (2016) 5:107-13. doi: 10.31661/gmj.v5i3.654

Frontiers in Nutrition

10.3389/fnut.2025.1505183

Acknowledgments

This study was derived from a thesis for a PhD degree in Nutrition
sciences. The authors would like to thank the cooperation of
instructors at the School of food and Nutrition Sciences and Food
Industries of Shahid Beheshti University of Medical Sciences.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fnut.2025.1505183/

full#supplementary-material

9. James LEA. Quinoa (Chenopodium quinoa Willd.): composition, chemistry,
nutritional, and functional properties. Adv Food Nutr Res. (2009) 58:1-31. doi: 10.1016/
§1043-4526(09)58001-1

10. Vega-Galvez A, Miranda M, Vergara ], Uribe E, Puente L, Martinez EA. Nutrition
facts and functional potential of quinoa (Chenopodium quinoa willd.), an ancient
Andean grain: a review. J Sci Food Agric. (2010) 90:2541-7. doi: 10.1002/jsfa.4158

11. Graf BL, Rojas-Silva P, Rojo LE, Delatorre-Herrera J, Baldeén ME, Raskin 1.
Innovations in health value and functional food development of quinoa (Chenopodium
quinoa Willd.). Compr Rev Food Sci Food Saf. (2015) 14:431-45. doi:
10.1111/1541-4337.12135

12. Cannas M, Pulina S, Conte P, Del Caro A, Urgeghe PP, Piga A, et al. Effect of
substitution of rice flour with quinoa flour on the chemical-physical, nutritional, volatile
and sensory parameters of gluten-free ladyfinger biscuits. Food Secur. (2020) 9:808. doi:
10.3390/foods9060808

13. Konishi Y. Nutritional characteristics of pseudocereal amaranth and quinoa:
alternative foodstuff for patients with food allergy. J Jpn Soc Nutr Food Sci (Japan).
(2002) 55:299-302.

14. Vilcacundo R, Hernéndez-Ledesma B. Nutritional and biological value of quinoa
(Chenopodium quinoa Willd.). Current opinion in food. Science. (2017) 14:1-6. doi:
10.1016/j.cofs.2016.11.007

15.Zhong L, Lyu W, Lin Z, Lu ], Geng Y, Song L, et al. Quinoa ameliorates hepatic
steatosis, oxidative stress, inflammation and regulates the gut microbiota in nonalcoholic
fatty liver disease rats. Foods (Basel, Switzerland). (2023) 12:1780. doi: 10.3390/
foods12091780

frontiersin.org


https://doi.org/10.3389/fnut.2025.1505183
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fnut.2025.1505183/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2025.1505183/full#supplementary-material
https://doi.org/10.1001/jama.2020.2298
https://doi.org/10.1001/jama.2020.2298
https://doi.org/10.1038/nrgastro.2017.109
https://doi.org/10.3389/fphar.2020.00601
https://doi.org/10.1186/s13063-022-06451-1
https://doi.org/10.1002/cld.1045
https://doi.org/10.1016/j.gastrohep.2017.12.003
https://doi.org/10.31661/gmj.v5i3.654
https://doi.org/10.1016/S1043-4526(09)58001-1
https://doi.org/10.1016/S1043-4526(09)58001-1
https://doi.org/10.1002/jsfa.4158
https://doi.org/10.1111/1541-4337.12135
https://doi.org/10.3390/foods9060808
https://doi.org/10.1016/j.cofs.2016.11.007
https://doi.org/10.3390/foods12091780
https://doi.org/10.3390/foods12091780

Gholamrezayi et al.

16. Anusha B, Hymavathi T, Vijayalakshmi V, Reddy P, Robert TP. Lipid-lowering
effects of foxtail millet (Setariaitalica) and quinoa (Chenopodium quinoawild) in pre-
diabetics. ] Pharm Res Int. (2018) 24:1-7. doi: 10.9734/JPR1/2018/45285

17. Li L, Lietz G, Bal W, Watson A, Morfey B, Seal C. Effects of quinoa (Chenopodium
quinoa Willd.) consumption on markers of CVD risk. Nutrients. (2018) 10:777. doi:
10.3390/nu10060777

18. Navarro-Perez D, Radcliffe J, Tierney A, Jois M. Quinoa seed lowers serum
triglycerides in overweight and obese subjects: a dose-response randomized controlled
clinical trial. Curr Dev Nutr. (2017) 1:e001321. doi: 10.3945/cdn.117.001321

19.Song C, Lv W, Li Y, Nie P, Lu J, Geng Y, et al. Alleviating the effect of quinoa and
the underlying mechanism on hepatic steatosis in high-fat diet-fed rats. Nutr Metab.
(2021) 18:1-16. doi: 10.1186/s12986-021-00631-7

20. Lin T-A, Ke B-], Cheng S-C, Lee C-L. Red quinoa bran extract prevented alcoholic fatty
liver disease via increasing antioxidative system and repressing fatty acid synthesis factors in
mice fed alcohol liquid diet. Molecules. (2021) 26:6973. doi: 10.3390/molecules26226973

21. Chalasani N, Younossi Z, Lavine JE, Charlton M, Cusi K, Rinella M, et al. The
diagnosis and management of nonalcoholic fatty liver disease: practice guidance from
the American Association for the Study of Liver Diseases. Hepatology. (2018) 67:328-57.
doi: 10.1002/hep.29367

22. Hallal PC, Victora CG. Reliability and validity of the international physical activity
questionnaire (IPAQ). Med Sci Sports Exerc. (2004) 36:556. doi: 10.1249/01.
MSS.0000117161.66394.07

23. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of low-
density lipoprotein cholesterol in plasma, without use of the preparative ultracentrifuge.
Clin Chem. (1972) 18:499-502. doi: 10.1093/clinchem/18.6.499

24. Pisprasert V, Ingram KH, Lopez-Davila MF, Munoz AJ, Garvey WT. Limitations
in the use of indices using glucose and insulin levels to predict insulin sensitivity: impact
of race and gender and superiority of the indices derived from oral glucose tolerance
test in African Americans. Diabetes Care. (2013) 36:845-53. doi: 10.2337/dc12-0840

25. Salehi-Sahlabadi A, Kord-Varkaneh H, Kocaadam-Bozkurt B, Seraj SS, Alavian
SM, Hekmatdoost A. Wheat germ improves hepatic steatosis, hepatic enzymes, and
metabolic and inflammatory parameters in patients with nonalcoholic fatty liver disease:
a randomized, placebo-controlled, double-blind clinical trial. Phytother Res. (2022)
36:4201-9. doi: 10.1002/ptr.7553

26.Lee M-S, Felipe-Dimog EB, Yang J-E Chen Y-Y, Wu K-T, Kuo H-J, et al. The
efficacy of anthropometric indicators in predicting non-alcoholic fatty liver disease
using FibroScan® CAP values among the Taiwanese population. Biomedicines. (2023)
11:2518. doi: 10.3390/biomedicines11092518

Frontiers in Nutrition

10

10.3389/fnut.2025.1505183

27. Karimian ], Abedi S, Shirinbakhshmasoleh M, Moodi F, Moodi V, Ghavami A. The
effects of quinoa seed supplementation on cardiovascular risk factors: a systematic
review and meta-analysis of controlled clinical trials. Phytother Res. (2021) 35:1688-96.
doi: 10.1002/ptr.6901

28. Foucault AS, Mathé V, Lafont R, Even P, Dioh W, Veillet S, et al. Quinoa extract
enriched in 20-hydroxyecdysone protects mice from diet-induced obesity and modulates
adipokines expression. Obesity. (2012) 20:270-7. doi: 10.1038/0by.2011.257

29. Kizelsztein P, Govorko D, Komarnytsky S, Evans A, Wang Z, Cefalu WT, et al.
20-Hydroxyecdysone decreases weight and hyperglycemia in a diet-induced obesity
mice model. Am ] Physiol Endocrinol Metab. (2009) 296:E433-9. doi: 10.1152/
ajpendo.90772.2008

30. Simnadis TG, Tapsell LC, Beck EJ. Physiological effects associated with quinoa
consumption and implications for research involving humans: a review. Plant Foods
Hum Nutr. (2015) 70:238-49. doi: 10.1007/s11130-015-0506-5

31. Cani PD. Targeting gut microbiota with a complex mix of dietary fibers improves
metabolic diseases. Kidney Int. (2019) 95:14-6. doi: 10.1016/j.kint.2018.11.012

32. Howarth NG, Saltzman E, Roberts SB. Dietary fiber and weight regulation. Nutr
Rev. (2001) 59:129-39. doi: 10.1111/j.1753-4887.2001.tb07001.x

33.Yao Y, Zhu Y, Gao Y, Shi Z, Hu Y, Ren G. Suppressive effects of saponin-enriched
extracts from quinoa on 3T3-L1 adipocyte differentiation. Food Funct. (2015) 6:3282-90.
doi: 10.1039/C5FO00716]

34. De Carvalho FG, Ovidio PP, Padovan GJ, Jordao Junior AA, Marchini JS, Navarro
AM. Metabolic parameters of postmenopausal women after quinoa or corn flakes
intake-a prospective and double-blind study. Int ] Food Sci Nutr. (2014) 65:380-5. doi:
10.3109/09637486.2013.866637

35. Farinazzi-Machado FMV, Barbalho SM, Oshiiwa M, Goulart R, Pessan JO. Use of
cereal bars with quinoa (Chenopodium quinoa W.) to reduce risk factors related to
cardiovascular diseases. Food Sci Technol. (2012) 32:239-44. doi: 10.1590/
S0101-20612012005000040

36. Navruz-Varli S, Sanlier N. Nutritional and health benefits of quinoa (Chenopodium
quinoa Willd.). J Cereal Sci. (2016) 69:371-6. doi: 10.1016/j.jcs.2016.05.004

37.Takao T, Watanabe N, Yuhara K, Itoh S, Suda S, Tsuruoka Y, et al
Hypocholesterolemic effect of protein isolated from quinoa (Chenopodium quinoa
Willd.) seeds. Food Sci Technol Res. (2005) 11:161-7. doi: 10.3136/fstr.11.161

38.Jangra A, Kumar V, Kumar S, Mehra R, Kumar A. Unraveling the role of quinoa
in managing metabolic disorders: a comprehensive review. Curr Nutr Rep. (2025) 14:4.
doi: 10.1007/s13668-024-00600-5

frontiersin.org


https://doi.org/10.3389/fnut.2025.1505183
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.9734/JPRI/2018/45285
https://doi.org/10.3390/nu10060777
https://doi.org/10.3945/cdn.117.001321
https://doi.org/10.1186/s12986-021-00631-7
https://doi.org/10.3390/molecules26226973
https://doi.org/10.1002/hep.29367
https://doi.org/10.1249/01.MSS.0000117161.66394.07
https://doi.org/10.1249/01.MSS.0000117161.66394.07
https://doi.org/10.1093/clinchem/18.6.499
https://doi.org/10.2337/dc12-0840
https://doi.org/10.1002/ptr.7553
https://doi.org/10.3390/biomedicines11092518
https://doi.org/10.1002/ptr.6901
https://doi.org/10.1038/oby.2011.257
https://doi.org/10.1152/ajpendo.90772.2008
https://doi.org/10.1152/ajpendo.90772.2008
https://doi.org/10.1007/s11130-015-0506-5
https://doi.org/10.1016/j.kint.2018.11.012
https://doi.org/10.1111/j.1753-4887.2001.tb07001.x
https://doi.org/10.1039/C5FO00716J
https://doi.org/10.3109/09637486.2013.866637
https://doi.org/10.1590/S0101-20612012005000040
https://doi.org/10.1590/S0101-20612012005000040
https://doi.org/10.1016/j.jcs.2016.05.004
https://doi.org/10.3136/fstr.11.161
https://doi.org/10.1007/s13668-024-00600-5

	The effect of replacing grains with quinoa on cardiometabolic risk factors and liver function in patients with non-alcoholic fatty liver: a randomized-controlled clinical trial
	Introduction
	Materials and methods
	Participants and study design
	Randomization and allocation concealment
	Blinding
	Dietary interventions
	Primary and secondary outcomes
	Measurements
	Demographic and dietary intake assessment
	Anthropometric assessment
	Statistical analysis methods

	Results
	Characteristics of the participants
	Primary outcomes
	Secondary outcomes

	Discussion
	Conclusion

	References

