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Premature ovarian insufficiency (POI) ranks top in the reproductive disorders

that may impair multiple functioning systems, reduce the quality of life and

ultimately deprive patients of their fertility among women. Symptoms can

be partially alleviated by present hormone replacement therapy that cannot

improve conception or decrease occurrence rates of systemic complication.

Nutritional dietary supplements are attracting more and more attention

because of their safety, bioavailability, and efficacy for well-being. Nutrients

in the daily food are composed of carbohydrates, fat and lipoprotein,

protein and polypeptide, vitamins, and vegetable or fruits containing

phytoestrogens. These are functional nutrients due to the proliferative, anti-

inflammatory, anti-oxidant, and mitochondria-protective potential during

the course of menopause. Apart from dietary nutrients, microbe-related

nutritional substances, including probiotics, prebiotics and the combination-

synbiotics, display high potential as well in supporting estrous cycle, ovarian

viability and modulating other vital reproductive functions. The present review

will discuss dietary and microbial nutrients and their roles and applications in

the living body based upon animal or human research, evaluate possible effect

mechanisms from molecular, cellular and tissue levels, and provide insights

into nutritional therapy for prolonging reproductive lifespan in female patients.
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Introduction

Premature ovarian insufficiency (POI), previously termed
as premature ovarian failure, is a common and severe clinical
reproductive disorder among women (Hsieh and Ho, 2021). It
is primarily characterized by the decrease or loss of ovarian
function occurring before the age of 40, with a high incidence of
1% (Ford et al., 2020). Its main clinical manifestations include
menstrual disorders (amenorrhea or irregular menstruation),
increased pituitary gonadotropin levels, decreased estrogen
levels and other perimenopausal changes, especially the decrease
in fertility (Di-Battista et al., 2020). In addition, POI patients
also have mood changes, hot flashes, sleep disturbances, bone
pain and pruritus, and experience long-term harm to the
cardiovascular system, skeletal motor system, nervous system
and mental health that all together affect women’s fertility
(Horton et al., 2019). At present, the only effective treatment
for POI is hormone replacement therapy (HRT). Though
HRT can alleviate symptoms of low estrogen, rebuild regular
menstrual cycle, and lower blood follicle stimulating hormone
levels, this therapy may bring potential risks, such as the
occurrence of thromboembolic disease, and tumor. Moreover,
it hardly slows down the pathological process of ovarian
senescence and functional decline, not to mention improving
the conception rate of POI patients (European Society for
Human Reproduction and Embryology (ESHRE) Guideline
Group on POI, Webber et al., 2016). In conclusion, the
insufficient understanding of the mechanism of POI leads to the
failure of current treatment methods for the effective delay of
ovarian function decline. Consequently, it is of great significance
to explore the key pathogenic factors involved in the process of
POI to improve the efficacy of POI clinical treatment.

In the past decades, the highly increasing incidence of
POI is accompanied with the rapid modification in the living
lifestyle and deterioration of environment (Golezar et al.,
2020). This arouses interest and concerns in the influence of
the environmental and life factors on reproductive health, in
addition to those genetic, immune or iatrogenic factors (Qin
et al., 2015; Golezar et al., 2020). Furthermore, among all these
factors, nutrient intake in daily diet of lifestyle is the most
accessible and modifiable for POI patients, and remains the
least understandable of all factors (Chen et al., 2017). The
dietary habit was changed long ago with the improvement
in socioeconomic levels worldwide. However, it also brings
malnutrition issues to both genders, young and old due to
obesity, emaciation, and different types of eating disorders.
There are a few studies about the nutrient status and regulation
affecting female fertility and menopause (Fontana and Della
Torre, 2016; Chiu et al., 2018; Silvestris et al., 2019). Herein, we
preliminarily propose the primary dietary factors and nutrients
for disease progression, alleviation and control in menopausal
course of POI, and expect these considerations may shed light

on future clinical protection and treatment of ovarian function
(Figure 1 and Table 1).

Carbohydrates

Carbohydrates provide the most abundant life-supporting
energy source for all living creatures. They are typically classified
into monosaccharide, oligosaccharide, and polysaccharide
(Kikkeri et al., 2010). Galactose is a kind of commonly seen
monosaccharides reported in the POI and related infertile
diseases (Bandyopadhyay et al., 2003). Dovom et al. claimed that
it exerted a toxicity effect on ovaries based on systematic review
analysis (Rostami Dovom et al., 2019). Therefore, galactose may
be applied for induction of POI animal model under necessary
concentration, appropriate time and exposure. Galactose may
also inhibit follicular migration toward the gonadal region
and lead to decreased ovarian reserves and estradiol synthesis
(Rostami Dovom et al., 2019). Therefore, abnormal sugar
galactose metabolism is related with POI onset and progression.

Polysaccharides from dendrobium officinal (DO) induced
a protective effect on POI process in natural aging rodents
(Wu et al., 2018). They were administered at 70 mg/kg through
oral route and helped these rats regain normal weight and
alleviate pathological changes to the ovary, such as vessel
proliferation reduction and follicular decrease. DO-oriented
polysaccharides reduced inflammatory insults in the ovarian
tissues by regulating the NF-κB and p53/Bcl-2 signaling
pathways and upregulated activities of glutathione peroxidase
(GSH-Px) and superoxide dismutase (SOD) and decreased
malondialdehyde (MDA) concentration in the serum to exert
anti-oxidative effects. At the same time, they also manipulated
the mitochondrial function and restored the ovarian cell
viability (Wu et al., 2018). The significance of carbohydrates for
POI onset or progression should be evaluated further.

Fat and lipoprotein

Fat and high body weight may be relevant to control of
POI severity. Several studies reported early menopause was
associated with low body mass index (Tao et al., 2015; Szegda
et al., 2017). The exact mechanisms are unclear. Lipoproteins
are transportable forms of fat that actively participate in
metabolic activities in the human body (Hoeke et al., 2016).
Knauff et al. (2008) performed lipid profiles in POI patients
and identified higher triglycerides (TG) concentration and
moderately lower high-density lipoprotein (HDL) level in the
serum were correlated with free androgen index increase and
sex hormone binding globulin loss. These findings indicated
that a TG increase might lead to an insulin sensitivity decrease
(Knauff et al., 2008). In another retrospective clinical study,
Gulhan et al. (2012) similarly found that young female patients
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FIGURE 1

Primary nutritional factors for progression, alleviation and
control of menopause and POI.

who presented POI syndromes without any previous hormone
intake history showed higher total cholesterol (TC) and low-
density lipoprotein (LDL) concentrations in the serum in
comparison with normal females of close epidemiological
features. The results implicated that undesirable lipid alteration
was triggered under deprived estrogen conditions in female
POI patients (Gulhan et al., 2012). However, the concentration
level of HDL is very inconsistent among different studies, with
some reporting elevated levels, and others showing decreased
levels in menopause women (Berg et al., 2004). As to the
impact of fat intake on menopause, differences may be caused
due to the various kinds of fat, including polyunsaturated,
total and saturated fat. Sapre and Thakur (2014) reported
that high consumption of polyunsaturated fats was related
to earlier menopause onset; in the meantime, total fat and
saturated fat intake barely influenced menopausal period and
age. Nevertheless, it is unclear whether different fat types in the
daily diet may affect POI pathogenesis in a certain way.

Protein and polypeptide

High protein intake was reported to be useful to postpone
the early arrival of menopause (Taneja et al., 2019). Wang
et al. (2018) found that consumption of seafood (around
3 days/week) and fresh eggs (more than 4 days/week) was
positively correlated with late menopausal onset. Several other
researches also supported similar conclusions. Dorjgochoo
et al. (2008) claimed that high protein consumption was

beneficial to delay menopause and prolong the reproductive
function. The European Prospective Investigation into Cancer
and Nutrition (EPIC) also conducted a cohort study, in
which early menopausal occurrence was inversely associated
with protein intake level (Gold et al., 2013). In addition to
direct protein consumption, polypeptide is also significant for
protecting ovarian function and delaying ovarian aging (Wang
et al., 2021). Li et al. (2020) reported that oyster polypeptides,
purified from oyster via enzymolysis, were able to protect against
oxidative stress and inflammation to exert a therapeutic effect
on POI because of their DPPH (2,2-diphenyl-1-picrylhydrazyl)
radical-scavenger ability. Oyster polypeptides could correct
the abnormal estrous cycle, and enhance serum follicle
stimulating hormone (FSH) and luteinizing hormone (LH)
concentrations. Further, they increased primordial follicular
count and distribution, and significantly alleviated ovarian cell
death by mimicking SOD clearance. The ovarian cell protection
and survival supported by oyster polypeptides was activated
upon regulating the death receptor BCL-2-dependent signaling
pathway (Li et al., 2020). Therefore, appropriate protein and
peptide intake may be a potential way to affect POI progression
and severity.

Vitamins

Vitamins are a class of micro-organic substances only
from food and maintain some vital physiological activities and
functions in the human body. They do not provide energy but
regulate metabolic process. Many vitamins play a key role in
supporting female health, such as vitamin B, C, D, E, and some
coenzymes (Chavarro and Schlaff, 2018).

Niacin belongs to the Vitamin B family, metabolizes cellular
energy, and directly impacts normal physiology (Ye et al.,
2019). In addition to many neurological and dermatitis diseases,
niacin also reduced ovarian cell death by inhibiting oxidative
stress to improve follicle development (Asadi et al., 2021).
Interestingly, niacin was also able to modify POI phenotype and
recover female POI mice induced by chemotherapy or radiation
stimulation. The authors further confirmed the addition of 10
Mmol niacin could decrease the expression level of follicle arrest
marker FOXO3 and increase the expression level of oocyte
marker DDX4 to exert the ovarian protective effects (Asadi
et al., 2021). Folic acid is a kind of water-soluble vitamin B
and is important to protein synthesis, erythrocyte division and
growth. A clinical study reported based on a small sample
that females of low fertility showed a higher pregnancy rate
after receiving 400-µg folic acid consumption for 12 weeks
in comparison with placebo treatment (Westphal et al., 2006).
Folic acid consumption reduced the pregnancy time for healthy
females and improved the quality and maturation of oocytes
from a couple of cohort studies (Szymański and Kazdepka-
Ziemińska, 2003; Cueto et al., 2016). MTHFR could strongly

Frontiers in Microbiology 03 frontiersin.org

https://doi.org/10.3389/fmicb.2022.1001209
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org/


fmicb-13-1001209 November 11, 2022 Time: 15:41 # 4

Han et al. 10.3389/fmicb.2022.1001209

TABLE 1 Representatives from different nutritional components and their potential effects on menopause and POI.

Nutritional component Specific substance Effect References

Carbohydrates Galactose Harmful Rostami Dovom et al., 2019

Polysaccharides from dendrobium officinal Beneficial Wu et al., 2018

Fat and lipoprotein Triglycerides Harmful Knauff et al., 2008

High-density lipoprotein Uncertain Berg et al., 2004; Knauff et al., 2008

Total cholesterol Harmful Gulhan et al., 2012

Low-density lipoprotein Harmful Gulhan et al., 2012

Polyunsaturated fat Harmful Sapre and Thakur, 2014

Total fat and saturated fat No Influence Sapre and Thakur, 2014

Protein and polypeptide Proteins from sea food and fresh eggs Beneficial Wang et al., 2018

Oyster polypeptides Beneficial Li et al., 2020

Vitamins Niacin Beneficial Asadi et al., 2021

Folic acid Beneficial Szymański and Kazdepka-Ziemińska, 2003; Cueto et al., 2016

MTHFR Beneficial Goyco Ortiz et al., 2019

Vitamin C Beneficial Hou et al., 2020

Vitamin D Uncertain Kebapcilar et al., 2013; Ersoy et al., 2016

Vitamin E Beneficial Ma et al., 2021; Safiyeh et al., 2021

Phytoestrogens Soy isoflavone Beneficial Yoneda et al., 2011; Meléndez et al., 2015

Sesame seed lignans Beneficial Kinugasa et al., 2011

Sesamol Beneficial Kaur et al., 2013

Probiotics, prebiotics, and synbiotics Lactobacillus reuteri Beneficial Britton et al., 2014

Lactobacilli and cranberry extract complex Beneficial Koradia et al., 2019

chitosan and citrus pectin Beneficial Wu et al., 2021

Lactobacillus paracasei and inulin Beneficial Timan et al., 2014

Lactobacillus fermentum and β-glucan Beneficial Jeong et al., 2017

affect the folate cycle and help a POI patient who simultaneously
had non-Hodgkin’s lymphoma and repeat pregnancy losses,
successfully deliver a healthy male baby (Goyco Ortiz et al.,
2019).

Vitamin C is a natural antioxidant and is actively involved
in stem cell fate regulation (DiTroia et al., 2019). It was
reported to modify the biological characteristics of human
amniotic epithelial cells (hAECs) and significantly stimulated
the ovarian marker expression in the ovary tissues from vitamin
C-treated hAECs transplanted POI mice. The possible effecting
mechanism was the vitamin C dependent paracrine excretion
of several important growth factors, such as hepatocyte growth
factor and epidermal growth factor (Hou et al., 2020).

Vitamin D belongs to fat-soluble vitamins and is vital for
life support by regulating calcium and phosphate metabolism
(Bischoff-Ferrari et al., 2005). Its active form, 1,25-dihydroxy
vitamin D3 is localized in many organs, such as kidney, liver,
brain and ovary (Xu et al., 2016). In the female reproductive
system, vitamin D can regulate anti-Müllerian hormone
(AMH) secretion in the granulosa cells and consequently
affect FSH level (Simpson et al., 2020). However, its role
in POI pathogenesis is controversial as some claimed it did
not influence pathophysiological process of POI, while others
reported vitamin D deficiency was correlated with coagulation

and was a primary factor for POI due to follicular dysgenesis
and aromatase level decrease (Kebapcilar et al., 2013; Ersoy
et al., 2016). Neither did previous researches report any
confirmative findings on the vitamin D supplementation for
POI treatment. It was found that vitamin D intake at 50,000
IU per week, for around 2 months, was irrelevant to pregnant
improvement clinically (Aflatoonian et al., 2014). IVF outcome
was not improved either by increasing serum vitamin D level
in egg recipient patients (Rudick et al., 2014). Therefore, the
interpretation of the significance of vitamin D for POI patients
remains vague and still need further investigation.

Vitamin E is well-known beneficial factor for reproductive
system because it increases ovarian volume and stimulates
proliferation primary follicles (Peh et al., 2016). Vitamin E
is mainly composed of tocopherols and tocotrienols that are
important for free radical clearance under physiological and
pathological conditions (Abraham et al., 2019). Deficiency of
vitamin E might lead to ovarian cell death and developmental
abnormality in a female rodent model (Das and Chowdhury,
1999). In a clinical study, vitamin E was identified to be
related with the onset of POI among 40 patients. The active
form of vitamin E-α tocopherol concentration was significantly
higher in females with normal menstruation than POI patients.
Further analysis showed that this could be associated with

Frontiers in Microbiology 04 frontiersin.org

https://doi.org/10.3389/fmicb.2022.1001209
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org/


fmicb-13-1001209 November 11, 2022 Time: 15:41 # 5

Han et al. 10.3389/fmicb.2022.1001209

the decreased expression level of AMH and indicated ovarian
reserve capability was compromised in the POI pathogenesis
(Das and Chowdhury, 1999; Ma et al., 2021). In another
randomized controlled trial study, vitamin E at 400IU was given
to POI patients for 3 months and significantly increased antral
follicle count and mean ovarian volume, in addition to the
improvement in AMH levels (Safiyeh et al., 2021). The vitamin E
supplementation was potentially useful to alleviate POI process
and barely exerted side effects.

Phytoestrogens

Phytoestrogens are not indeed part of estrogens but function
similarly by providing a high affinity of estrogen receptor β

as hormonal supplements (Wei et al., 2017). They typically
involve isoflavones from soy, and lignans from sesame, both of
which are important and ordinary food types in our daily diet.
Several studies confirmed the reduction effect of phytoestrogen
consumption on TC, LDL, and plasma lipids among females
after menopause (de Kleijn et al., 2002; Kreijkamp-Kaspers
et al., 2005). Isoflavone intake from soy consumption also
significantly alleviated iliac artery atherosclerosis reduced the
size of coronary artery plaques for those females who consumed
soy food before and after menopause within 5 years. The
beneficial effect was not obvious for those who started to have
soy food as daily diet after menopause (Meléndez et al., 2015).
Yoneda et al. (2011) noted that soy isoflavone might reduce
hot flushes in a menopausal rodent setting by ovariectomy. The
effect was based on the production of isoflavan equol by gut
microbiota and estrogen-like mechanism (Yoneda et al., 2011).
Sesame seed lignans, one of the components in sesame seed oil
increased β-oxidation of fatty acids and prohibited cholesterol
absorption in a mouse model (Kinugasa et al., 2011). Sesamol
is a strong antioxidant and primary component of sesame.
It could ameliorate memory, attenuate anxious emotion, and
decrease oxidant insults in the central nervous system. In the
meantime, sesamol also regulated the lipid constituent in the
serum and decreased inflammatory effects by downregulating
tumor necrosis factor-α (TNF-α) concentration in the serum in
comparison with menopausal rats after ovariectomy (Kaur et al.,
2013).

Probiotics, prebiotics, and
synbiotics

In addition to daily nutrient supplemented in the diet,
some beneficial living organisms are also getting increasingly
attraction due to their potential influence on female health (Han
et al., 2021), especially POI (Wang et al., 2020). They are termed
as probiotics (Milani et al., 2017). Probiotics promote digestion
and absorption of nutrients, improve immune function,

maintain the structural balance of intestinal flora, and enhance
the antioxidant level of human body. A number of probiotics
are applied in food supplement and medical treatment. For
female health, a close correlation is proposed between hormone
levels and microbiota from either gut or vagina (Anahtar et al.,
2018). Gut microbiota were regarded as an alternate metabolic
supplier of estrogens in patients with leiomyoma and breast
carcinoma, and were mainly enriched in E. coli, Clostridium sp.,
Lactobacillus sp., and Bacteroides (Kwa et al., 2016; Critchley
et al., 2020). Considering these phenomena, the regulatory effect
of probiotics may also be exerted by modulating gut microbiota
in an indirect style through changing metabolic activity and
efficiency of several vegetable constituents with estrogenic or
antiestrogenic properties, termed as phytoestrogens, such as soy
isoflavones, lignans, or urolithins mentioned in the previous
section (Seyed Hameed et al., 2020).

Probiotics are involved in the regulation of premenstrual
syndrome, urogenital infection and osteoporosis. Estrogen
deficiency is a primary reason of osteoporosis related to
bone inflammation and resorption after POI (Samad et al.,
2020). Previous studies indicate that gut microbiota show a
potential influence on bone formation and metabolism. Bone
increase was noticed in mice, rats and birds that received
prebiotic therapy (Scholz-Ahrens and Schrezenmeir, 2007;
Weaver et al., 2011; Yang et al., 2013). Nevertheless, probiotics
were less known as to their roles in bone regulation. Probiotic
Lactobacillus reuteri inhibited upregulation of bone marrow
CD4+ T-lymphocytes and consequent osteoclast activation
in vitro and in ovariectomized rodent study. Britton et al. (2014)
assumed that Lactobacillus reuteri could directly deactivate T
cells and inhibit TNF-α production, and indirectly deactivate
stromal cells via T cells to reduce osteoclast cytokine formation,
and therefore increase bone metabolic activity and reduce
bone loss. In a randomized controlled trial consisting of 60
postmenopausal women ranging from 40 to 60 years, probiotics
also enhanced the metabolic activity of isoflavones to alleviate
urogenital problems such as dry vagina and bad sex experience
after menopause for 16-week consecutive treatment. The effect
was comparable to low-dose vaginal estrogen, the gold standard
therapy for genitourinary syndrome of menopause (Ribeiro
et al., 2018). Szulińska et al. (2018) reported in a 12-week
randomized clinical trial that multispecies probiotic bacteria at
1 × 1010 colony forming units (CFU) concentration affected
gut permeability and cardiometabolic parameters, such as
lipopolysaccharide levels, insulin, glucose, uric acid, fat mass,
subcutaneous fat and insulin-resistant index. Koradia et al.
(2019) found that Lactobacilli and cranberry extract complex
could prevent recurrent urinary tract infections in female
patients before or around menopause for consecutive 26 weeks
in a pilot clinical study.

Another type of microbiota-related substances are termed
prebiotics. Prebiotics are fermented dietary fibers which contain
certain modifications, both in the component and/or bioactivity
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in the intestinal microbiota providing beneficial effects on
health status of the human body (Alenaizan et al., 2021). At
present, prebiotics mainly include bifidogenic, non-digestible
oligosaccharides (especially galactooligosaccharides, inulin and
its hydrolytic product oligofructose). Plenty of nutritional
prebiotics may facilitate the bioabsorption of calcium, such
as caseinophosphopeptides (CPP), proteolytic outcome of
casein that together construct soluble composites with calcium
(Ilesanmi-Oyelere and Kruger, 2020). Besides, some complex
organic acids, like malic or citric acid can add to the
percentage of dissolvable composites, bioabsorbable calcium
in the intestine. The potential mechanisms of prebiotic-
dependent calcium metabolism include that the acid metabolic
products, such as lactic, acetic and propionic acid, from bacteria
fermented carbohydrates in the colon lowered the regional pH
to elevate the luminal level of calcium ions and to increase
passive bioabsorption of calcium. Further, electrical charges
might be modified via Ca2+-H+ composites. Therefore, the
prebiotics played a protective role in osteoporosis prevention
and inhibition after female menopause (Smejkal et al., 2003; de
Vrese, 2009). Wu et al. (2021) showed that chitosan and citrus
pectin, two kinds of prebiotics, enhanced glucose tolerance,
reduced dyslipidemia, and elevated serum arginine, propionate,
leucine and butyrate levels. In addition, chitosan was more
useful to modulate gut microbiota and consequently to affect the
postmenopausal symptoms (Wu et al., 2021).

Some combination attempts of probiotics and prebiotics
were also carried out to produce synbiotics (O’Connor et al.,
2021). Timan et al. (2014) showed that Lactobacillus paracasei
and inulin enhanced the bioactive availability of isoflavones that
were beneficial for alleviating menopausal issues. Jeong et al.
(2017) reported that using synbiotics composed of Lactobacillus
fermentum and β-glucan from cauliflower mushroom as
probiotics and prebiotics could reduce skin temperature of
rodent tails and maintain 17β-estradiol level in the serum
and uterine index. The synbiotics dependent mechanisms were
further validated as they activated hepatic insulin signaling,
followed by AMPK phosphorylation in estrogen-deficient rats
(Jeong et al., 2017). These studies preliminarily reflected
the beneficial roles of probiotics, prebiotics and synbiotics
in regulating menopausal syndromes and their primary
pathophysiological process. The promising findings will be vital
for the investigation into POI pathogenesis and treatment by
microbial nutrient strategy.

Conclusion

Nutrition is vital for female health throughout the lifespan,
especially for post-menopause period. Primary nutrients, such
as carbohydrates, fat and lipoprotein, protein and polypeptide,
vitamins, and phytoestrogens, have displayed huge potential
and enjoyable outcomes in the application for menopausal

intervention of POI, both in animal and clinical studies. The
dietary nutrients may delay the menopause by affecting various
aspects, from improving ovarian viability and function directly
to counteracting oxidative stress, inflammation, aging and
systemic endocrinal disorders. A latest meta-analysis suggested
an association between POI and an increased risk of type
2 diabetes mellitus (T2DM) (Anagnostis et al., 2019). There
is increasing evidence indicating that the gut microbiota is
included in the pathophysiological process of insulin resistance.
Thus, it leads to the progression of T2DM via influencing the
contents of some vital metabolites. Nevertheless, it remains to be
further validated whether modification of gut microbiota in POI
patients results in serum metabolites out of balance, which in
turn predisposes to menopause manifestation and related health
concerns. Moreover, the therapeutic effects were not consistent
in all researches and even among different time points in a
single research study. This indicates the individual difference is
significant and further work should be emphasized on precision
nutrition with individual nutrient needs for optimal female
reproduction, like POI treatment. Still, microbial nutrition is
rarely discussed in POI patients or animals, possibly due to the
unclear pathogenesis of POI. Especially, the correlation between
probiotics, prebiotics and synbiotics and POI remains poorly
investigated. It should also be a major theme to work on in the
future. From the present work, dietary and microbial nutrients
are important and promising for regulating female reproductive
disorder, like POI, and therefore, optimal lifestyle intervention
by diet is promising and deserves more efforts and attention to
provide better and healthier life for female individuals.
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P. (2018). Dose-Dependent effects of multispecies probiotic supplementation
on the lipopolysaccharide (LPS) level and cardiometabolic profile in obese
postmenopausal women: a 12-Week randomized clinical trial. Nutrients 10:773.
doi: 10.3390/nu10060773
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