
Food &
Function

REVIEW

Cite this: Food Funct., 2020, 11,
10306

Received 31st August 2020,
Accepted 2nd November 2020

DOI: 10.1039/d0fo02297g

rsc.li/food-function

The role of yoghurt consumption in the
management of type II diabetes

Amalia E. Yanni, * Kleio Kartsioti and Vaios T. Karathanos

Enrichment of yoghurt with specific ingrdients beneficially affects the management of Type II

Diabetes Mellitus (DMII). As far as the role of yoghurt in the management of DMII is concerned, the

limited number of randomized clinical trials (RCTs) which have been conducted suggest that daily

intake of yoghurt enriched with vitamin D and/or calcium as well as probiotics positively influences glyce-

mic regulation and may contribute to more effective control of the disease. It is argued that the various

ingredients which are already contained in the complex matrix of food, such as bioactive peptides,

calcium, B-complex vitamins and beneficial microbes, as well as the fact that it can be used as a vehicle

for the inclusion of other effective ingredients can have an impact on the metabolic control of diabetic

patients. The aim of this review is to present the RCTs which have been conducted in the last decade in

patients with DMII in an attempt to highlight the positive effects of yoghurt in the management of the

disease.

Introduction

Type II diabetes mellitus (DMII) is a chronic noncommunic-
able disease, which is a scourge of the modern age and
degrades the quality of life of the sufferers. The contemporary
lifestyle which is characterized by oversupply/overconsumption
of food, decreased physical activity and intense stress results
in the constant increase in the occurrence of the disease.
According to the World Health Organization (WHO), diabetes
is among the ten main causes of death worldwide and in 2016,
it led to the death of approximately 1.6 million people.1 Taking
measures and developing strategies are of utmost importance
both for the prevention and correct management of diabetes.
Besides medication, changes in lifestyle is an integral part of
preventing or/and managing the disease.

Numerous research studies that have been carried out
support that a lifestyle characterized by a balanced diet and
increased physical activity may act preventively against the
development of diabetes and have a beneficial effect on dia-
betic patients, impeding or retarding the progression of the
disease and the occurrence of complications. Among these
studies are dietary interventions, which have focused on
specific food groups, some of which are milk and other dairy
products, particularly yoghurt.2,3

Yoghurt is a product of high nutritional value and a rich
source of nutrients like proteins, vitamins and minerals as
well as beneficial microbes. It is believed that these ingredi-
ents can have an impact on the intestinal microbiota and con-
tribute to the prevention and management of diabetes even
though their mechanisms of action have not been fully clari-
fied.4 However, a lack of several nutrients has been observed in
diabetic patients due to the disease, medication or/and other
factors. Therefore, it is considered that the inclusion of
yoghurt in their daily dietary pattern may improve the nutri-
tional status of these subjects and contribute to better meta-
bolic control. In recent years, there have been studies on
various functional foods, whose bioactive compounds may be
able to improve the function of β-pancreatic cells, the secretion
of insulin, insulin resistance and hyperglycemia, and to regu-
late the metabolism of lipids and in this way, contribute to the
prevention of the occurrence of macrovascular and microvas-
cular complications of diabetes.5 These products also include
dairy products, which either contain or can be enriched with
bioactive ingredients, which may act beneficially for the man-
agement of the disease. Such ingredients are calcium, B vita-
mins, several bioactive peptides, conjugated linoleic acid and
lactic acid bacteria. The following is a report of the clinical
studies in which the effect of consumption of yoghurt on the
metabolic control of patients with DMII was examined.

Medline and Scopus databases were searched for RCTs con-
ducted in patients with DMII who followed dietary interven-
tion with yoghurt using relevant indexing terms as “yoghurt”,
“yogurt”, “type II diabetes”, “glycemic control”, “vitamins”,
“probiotics”, and “randomized clinical trials”. The search
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included articles published from 2010 until May 26, 2020.
Titles were reviewed by two independent researchers.
References of the identified articles were also examined for
appropriate studies that were missed. There were no restric-
tions in terms of participants’ characteristics. Dates of publi-
cation for the summary table are referred to 2010 onward and
only studies on humans published in English language papers
were eligible (Table 1).

Yoghurt: nutritional value and benefits
for human health

Yoghurt is a remarkable source of nutrients for the human
body and its systematic consumption can offer a series of
health benefits.4 It is a product of milk fermentation and con-
tains microorganisms which can beneficially affect host
metabolism. Lactose is the main carbohydrate in this product,
which due to the presence of lactic acid bacteria, is more toler-
able to people with lactose intolerance compared to that con-
tained in milk. Specifically, yoghurt can be better tolerated due
to the presence of β-galactosidase, which is either included or
produced by bacteria in the small intestine helping in the
digestion of lactose. Furthermore, yoghurt is a significant
source of proteins of high biological value, and as a product of
bacterial fermentation, supplies the body with microorganisms
beneficial to the intestine (probiotics).6 Among the valuable
nutrients that the consumption of yoghurt provides, are
various vitamins such as vitamin A, vitamin D (in enriched
yoghurt), riboflavin, folic acid, B12, and minerals, like
calcium, phosphorus, zinc and magnesium.7,8 Although it gen-
erally contains nutrients similar to those of milk from which it
has been produced, it has higher concentrations of these
ingredients.9

The fermentation process not only makes milk more diges-
tible, but also increases its shelf life and its microbiological
safety. More specifically, the lactic acid bacteria which are
included in fermented dairy products, and therefore in
yoghurt too, are able to inhibit the survival and development
of various pathogenic bacteria in humans, like Escherichia and
Salmonella enteritidis. Lactic acid, produced by fermentation,
reduces pH and it appears that it delays the development of
unwanted microorganisms.4 Thus, it has been suggested that
the consumption of yoghurt is a shield against infections and
inflammations of the gastrointestinal system and the live bac-
teria that yoghurt contains hinder colonization and multipli-
cation of pathogenic bacteria, which are transmitted to
humans through food consumption. It is also worth mention-
ing that yoghurt and other dairy products that have undergone
fermentation may contain more folic acid than milk from
which they are made, since this vitamin is a product of syn-
thesis of specific strains of lactic acid bacteria.10

In a recent meta-analysis of studies on the effects of the
consumption of dairy products in the prevention of the occur-
rence of various types of cancer, the intake of fermented dairy
products was associated with a reduction in the danger of the

occurrence of the disease.11 Furthermore, in some studies the
consumption of yoghurt showed a protective effect against
various forms of cancer, like bladder cancer12 and colon
cancer.13 Additionally, a recent systematic review of studies
and meta-analysis presented an inverse relationship between
the intake of yoghurt and the development of the metabolic
syndrome.14 In a meta-analysis of 14 clinical trials it was noted
that the consumption of milk which had undergone fermenta-
tion had positive effects on the reduction of blood pressure in
pre-hypertensive and hypertensive subjects,15 while the high
total intake of dairy products (5 portions per week against 1
portion per month) and particularly in the form of yoghurt,
has been associated with a lower risk of occurrence of hyper-
tension in middle-aged or older people.16 However, a meta-
analysis conducted in 2017 did not show any correlation
between the consumption of yoghurt and the reduction of
cardiovascular risk.17 Furthermore, data from several meta-
analyses support that the intake of yoghurt can contribute to
the prevention of the development of DMII,18–21 probably due
to its effects on the control of body weight and on energy
metabolism.22–25 Finally, it is worth noting that the consump-
tion of yoghurt has been associated with a healthier lifestyle.
More specifically, various studies have shown a higher intake
of nutrients as well as improved nutritional quality, which is
characterized by higher consumption of fruits, vegetables,
whole meal products and dairy products, in individuals who
systematically consume yoghurt, in comparison to individuals
who rarely or never consume yoghurt. Moreover, people who
consume yoghurt often have other healthy habits too, such as
exercising more and smoking less as they have higher aware-
ness and knowledge of nutrition compared to non-
consumers.25

Yoghurt consumption probably is a shield against the devel-
opment of many chronic diseases. For this reason, in the past
years researchers have focused on conducting dietary interven-
tions aiming to elucidate the possible beneficial effects of this
food on various diseases26 among which DMII is included.

Yoghurt and glycemic control in type
II diabetes mellitus

DMII is a chronic metabolic disease which is a problem in
most of the countries in the world and concerns the modern
scientific community, mainly due to the significant compli-
cations caused by its unsuccessful management.

According to the WHO it is estimated that approximately
422 million people all over the world suffer from diabetes
while 1.6 million deaths annually are attributed to this
disease. For this reason, several research studies have focused
on nutritional interventions aiming at the prevention of the
occurrence of DMII. Among these are the studies which inves-
tigate the effect of the consumption of dairy products.
However, their findings are not clear, since there are studies
that show a protective effect of the consumption of dairy pro-
ducts on the occurrence of DMII2,3 while others do not
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support any correlation.27,28 Equally unclear are the results of
the studies which have examined the relationship of specific
dairy products with DMII. Based on current data the meta-ana-
lyses of several prospective studies point in the direction that
the consumption of dairy products low in fat and of specific
dairy products, such as cheese and yoghurt, is inversely corre-
lated with the risk of occurrence of DMII. In contrast, there
seems to be no relation between full-fat dairy products and
DMII.18,19

Regarding the research on the effect of the intake of dairy
products on diabetic patients, the number of RCTs that have
been conducted is very limited. Actually, the studies related to
yoghurt and to its effect on DMII are even fewer. Most of them
have focused on a fermented dairy product, which is a yoghurt
drink known as doogh, a traditional product of the Middle
East. In general, it seems that the daily consumption of this
drink by diabetic persons, particularly when it is enhanced
with specific nutrients, could improve several parameters
related to the glycemic control of these patients.29

The mechanism through which the consumption of
yoghurt is connected with the prevention and possibly the
management of DMII has not been fully clarified. The regular
consumption of yoghurt seems to have a direct effect on the
satiation or/and the distribution of energy, reducing fat, which
is strongly connected with insulin resistance and the risk of
DMII. The simplest interpretation of the effect of yoghurt con-
sumption on energy intake is that the systematic consumption
of healthy and nutrient dense foods, like yoghurt, in the long
run, leads to the reduction of the consumption of less healthy
foods, which are rich in fat, simple sugars and consequently
in energy. Another interpretation of the effect of yoghurt on
the reduction of energy intake is connected with specific nutri-
ents present in this product, like proteins and calcium, which
increase the feeling of satiety.30–32 Proteins, vitamins and
metals are more concentrated in yoghurt than in milk while
low pH increases the bioavailability of calcium which has been
suggested to facilitate weight and fat mass loss.33,34 However,
effects on the regulation of appetite hormones after long term
consumption of conventional yoghurt without energy restric-
tion has not been supported by clinical studies. Another
mechanism concerns the direct effect of yoghurt intake on the
protection of β-pancreatic cells, on insulin sensitivity and on
the secretory function of the pancreas.35 Various ingredients of
yoghurt, like calcium, magnesium, vitamin D (in enriched
yoghurt), proteins and lactic acid bacteria are believed to be
involved in these mechanisms. Probiotic bacteria which exist
in yoghurt and other fermented milk products can beneficially
alter the gut microbiota population and affect host metab-
olism. Consumption of these foods delivers a large number of
lactic acid bacteria which alter the intestinal environment,
resulting in the reduction of lipopolysaccharide production
and the increase of the tight junctions of the gut epithelial
cells.36 Microbial products and metabolites affect adipogenesis
and insulin resistance while significant correlations have been
discovered between specific intestinal bacteria, metabolic
pathways and DMII.36,37 Consumption of certain types of

yoghurt can suppress endotoxin production and ameliorate
endotoxemia and inflammation through the regulation of the
immune system.36,38 RCTs have shown that probiotic yoghurts
are more effective than conventional yoghurts in the improve-
ment of health outcomes such as blood glucose and anti-
oxidant status in cases of DMII, insulin resistance, obesity and
fatty liver disease.39

Yoghurt enriched with vitamin D
or/and calcium

Lack of vitamin D is a common phenomenon observed on a
large scale worldwide, both in healthy people and in people
with underlying diseases.40,41 Actually, it seems that diabetic
patients have lower levels of vitamin D compared with healthy
people.42,43 The possible effect of vitamin D on DMII is indi-
cated by a seasonal variation in the glycemic control in people
with DMII, which deteriorates in winter, since during this
period the frequency of hypovitaminosis D is greater.44 The
improvement of vitamin D levels in diabetic people probably
improves insulin secretion45,46 and reduces insulin resis-
tance.47 The effect of vitamin D on insulin secretion may be
either direct, through its binding to vitamin receptors in
β-pancreatic cells, or indirect, through the regulation of the
extracellular calcium. Moreover, vitamin D seems to act
against systematic inflammation, eliminating the cytokines
produced by the body.48

Regarding calcium, it seems that it is involved in various
processes related to glycemic control. Specifically, this mineral
participates in the phosphorylation of insulin receptors,
affects the secretory function of β-pancreatic cells and influ-
ences insulin resistance through the inhibition of gene regula-
tors which encode pre-inflammatory cytokines.49,50

Based on the above data, in the past decade a number of
clinical studies in DMII patients have been conducted, aiming
to investigate whether the consumption of yoghurt enriched
with vitamin D or/and calcium could have a beneficial effect
on parameters related to the glycemic control of these
patients.

In 2011, in a randomized double blind clinical trial, which
was performed on 100 diabetic persons, the daily consumption
of 500 mL yoghurt drink enriched with vitamin D and calcium
(500 IU/250 mL, 170 mg) for 12 weeks improved the fasting
glucose and fasting insulin as well as endothelial biomarkers
compared to the conventional drink.51 In the same year, in a
study carried out in 90 diabetic patients, it was also found that
the daily consumption of yoghurt drink enriched with vitamin
D and calcium (500 IU/250 mL, 150 mg, 500 mL day−1) for 12
weeks had a stronger effect on glycemic control compared to
the conventional yoghurt drink.40

In a randomized double-blind clinical trial, women aged
24–31 with Gestational Diabetes Mellitus participated. For a
16-week time period they were consuming either a yoghurt
drink enriched with vitamin D (500 IU, 2 × 100 g d−1) or con-
ventional yoghurt drink. The group of women who received
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the vitamin-enriched drink had a significantly greater improve-
ment of the insulin and fasting glucose levels as well as of the
lipid profile in relation to the group of women who received
the conventional drink.52 In a randomized double-blind clini-
cal trial performed on 59 postmenopausal women with DMII,
who consumed yoghurt enriched with vitamin D (2000 IU in
100 g d−1) or conventional yoghurt for a period of 12 weeks, a
significant improvement of glycemic parameters was observed,
with the exception of glycosylated hemoglobin, in women who
consumed the functional yoghurt in contrast to those who
received the conventional yoghurt.53

One more randomized single-blind clinical trial was per-
formed, in which 100 persons with DMII participated. The
study lasted 12 weeks and included two groups. The first
group consumed a vitamin D/Ca enriched yoghurt drink
(170 mg Ca and 500 IU vitD/250 mL) twice a day, while the
other one consumed with the same frequency and for the
same time period a conventional yoghurt drink (170 mg Ca
without vitD). This study proved an increase of leptin and
ghrelin levels in the blood even though the fraction of leptin/
ghrelin was decreased. In addition, this study supported that
the improvement of vitamin D levels in people with DMII can
have a positive effect on insulin sensitivity and on appetite
hormones.54

Yoghurt enriched with B-complex
vitamins

The chronic uncontrolled hyperglycemia observed in DMII can
cause significant changes in the state of micronutrients in the
body, and also these nutrients can have a direct effect on
glucose homeostasis. Scientific studies on DMII patients show
that deficiency of vitamins (particularly B-complex vitamins)
and minerals is common in these patients. Apparently, in dia-
betic people, increased diuresis due to osmotic effects of high
blood glucose can result in the faster removal of water-soluble
B vitamins through the urine compared to people without dia-
betes, even if the intake is sufficient. More specifically, thia-
mine (B1), pyridoxine (B6) and biotin (B7) have been found in
reduced concentrations in diabetic patients, however, the
mechanisms causing this situation remaining unclear.
Supplementation of these vitamins in DMII patients seems to
lead to some improvement in metabolic control. Additionally,
folic acid (B9) and cobalamin (B12) are the two vitamins found
in insufficient quantities in the body of diabetic persons. The
prolonged use of metformin which is the first drug of choice
in diabetes seems to negatively affect the absorption of the
above two vitamins. As a result, their levels appear reduced in
diabetics and there is probably a need for their supplementary
administration. As it is known, B vitamins play a key role in
energy metabolism since they are involved in various complex
chemical reactions that take place inside the cells. That is why
it is desirable that they be maintained at normal levels in the
body, particularly of diabetic subjects. Based on rat studies,
lack of thiamine seems to cause acute disorders with respect

to the composition and secretion of insulin by the
pancreas.55,56 Studies performed on diabetic individuals show
that the supplementary administration of thiamine can have
positive effects. For instance, in a randomized double-blind
clinical trial, the administration of thiamine (150 mg d−1) for
one month led to the reduction of glucose and leptin levels in
the diabetic group compared to the control group.57

Furthermore, in another study, the supplementary adminis-
tration of thiamine and pyridoxine for a period of five months
to diabetic renal patients led to the reduction of increased
DNA glycosylation in the leukocytes of these patients, and in
this way helping towards the prevention of the development of
diabetic complications.58 Moreover, in a double-blind, con-
trolled with placebo, study on diabetic patients with microal-
buminuria, the oral administration of a high dose of thiamine
supplement (3 × 100 mg d−1) for three months resulted in the
reduction of the renal excretion of albumin, proving in this
way that this vitamin could reverse microalbuminuria in early
stage nephropathy.59

Very few studies have examined the possible effect of sup-
plementary administration of pantothenic acid (B5) in patho-
logical conditions like diabetes. Specifically, they have investi-
gated the use of pantethine in diabetic individuals for the
improvement of cholesterol and triglyceride levels and
obtained positive results without any negative effects.60–62

Similar to the studies concerning pantothenic acid, the
studies which have examined the supplementary adminis-
tration of vitamin B12 to diabetic individuals are very few.
Specifically, in a study, the administration of pyridoxine sup-
plement, folic acid and B12 to people with diabetic retinopathy
led to the improvement of retinal edema and increased light
sensitivity.63 It is also worth mentioning that in a meta-ana-
lysis of seventeen studies it appeared that the supplementary
administration of lipoic acid and methylcobalamin can
improve the speed of transmission of nerve impulses and dia-
betic neuropathy.64 Finally, in another study it appeared that
diabetic individuals who were being treated with metformin
showed reduced cognitive performance in comparison to indi-
viduals who did not receive metformin or were non-diabetic.
Thus, some scientists claim that the use of vitamin B12 sup-
plements in elderly diabetic patients who receive metformin
probably has beneficial effects on their cognitive
performance.65

Recently, in a 12-week clinical trial, the effect of the con-
sumption of yoghurt enriched with B vitamins against conven-
tional yoghurt on 33 overweight/obese individuals with DMII
was investigated. Specifically, these individuals were randomly
assigned to two groups. The first group consumed two servings
of non-fat yoghurt enriched with B vitamins (B1, B5, B6) daily
without energy restriction, while the other one received the
same quantity of conventional non-fat yoghurt daily, also with
no caloric restriction. At the end of 12 weeks the first group
showed a significant improvement of the B vitamins status
and homocysteine levels in the blood, reduction of energy con-
sumption and body weight, without any change in glycemic
parameters.66 According to our knowledge there are no other
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studies in bibliography which examine the effect of yoghurt or
other dairy products enriched with vitamin B on glycemic
control of patients with DMII.

Yoghurt enriched with probiotics

Based on the definition by the WHO, probiotics are defined as
“those living microorganisms which, when given in sufficient
quantities, offer some benefit to the health of the host”.67 The
benefits that probiotics offer to human health are multiple
and refer primarily to the improvement of the function of the
immune and gastrointestinal systems. Moreover, studies on
animal models show a possible beneficial effect of probiotics
on blood glucose levels probably by the reduction of inflam-
mation and prevention of β-pancreatic cell destruction.68 The
mechanisms by which probiotics are involved in glucose
metabolism have not been clarified. It is considered that the
intake of probiotics protects the β-pancreatic cells against oxi-
dative damage preventing peroxidation of lipids and increasing
antioxidants like glutathione and peroxide dismutase.69

Furthermore, it has been observed that probiotics influence
inflammation and insulin resistance by the increase of natural
killer cells and regulation of the expression of tumor necrosis
factor-a (TNF-a).70 Other possible mechanisms with impact on
glucose metabolism are the increase of gliclazide bio-
availability, the inhibition/delay of the intestinal glucose
absorption, and alterations of the intestinal microbiome.71–74

In the last decade several RCTs have been performed
aiming to investigate the effect of the consumption of yoghurt
enriched with probiotics on the glycemic control of DMII
patients.75–78 More specifically, Ejtahed et al., conducted a
clinical trial aiming to investigate the possible effects of
yoghurt enriched with probiotics against conventional yoghurt
on diabetic patients. In their study they included 64 subjects
who were divided into two groups. The intervention group con-
sumed 300 g of yoghurt enriched with probiotics (Lactobacillus
acidophilus La5 and Bifidobacterium lactis Bb12, 7.23 × 106 and
6.04 × 106 cfu g−1, respectively) daily for 6 months, in contrast
with the control group that for the same period consumed
300 g of conventional yoghurt daily. The results of the study
showed a beneficial effect of probiotics on the fasting glucose
and glycosylated hemoglobin in the intervention group against
the control group.75

Another randomized clinical trial also studied the effect of
yoghurt enriched with probiotics (Lactobacillus acidophilus La5
and Bifidobacterium lactis Bb12, 3.7 × 106 cfu g−1) on 44
persons with DMII. This study had a similar dosage form to
the aforementioned study by Ejtahed et al., but the interven-
tion lasted a shorter time period (8 weeks). At the end of the
study the intervention group showed improvement in glycosy-
lated hemoglobin and certain inflammatory markers com-
pared to the control group.76

In general, in recent years several clinical studies and meta-
analyses of studies support the beneficial effects of the con-
sumption of yoghurt enriched with probiotics on the glycemic

control of DMII patients.79,80 In addition, several meta-ana-
lyses of studies support that the consumption of probiotics by
patients with DMII probably affects, to a moderate degree, the
metabolism of glucose, particularly in ≥8 week
interventions.79,81–85 However, it is worth noting that most of
these meta-analyses have also included studies which exam-
ined probiotics as capsule supplements rather than as an
enhanced ingredient in yoghurt. In contrast with the encoura-
ging results of clinical trials and older meta-analyses for the
possible effect of enrichment of yoghurt with probiotics, a
recent meta-analysis of 9 randomized clinical trials (2019) con-
cluded that there is no statistically significant difference in gly-
cemic control indicators between a conventional and an
enriched with probiotics product in patients with DMII or
obesity.86 Consequently, more and well-planned RCTs of over 8
weeks are required and, maybe, it would be useful in examin-
ing the intestinal microbiome before and after the interven-
tion, so that possible benefits of yoghurt with probiotics to the
intestinal microbiota or/and to the glycemic control of DMII
patients could be observed.

Yoghurt enriched with linseed

Linseed is a remarkable source of omega-3 fatty acid alpha-
linolenic acid, as well as of phytoestrogen lignans. Thanks to
its content of valuable nutrients, it has been supported by
various studies that it has antioxidant properties against
various disorders, such as atherosclerosis and diabetes, and
affects the metabolism of lipids and carbohydrates. The main
lignin in flaxseed, the diglucoside secoisolariciresinol digluco-
side (SDG), most probably has a positive effect on glycemic
control and appears to delay the development of diabetes in
rats.87,88 In addition, the fiber content of linseed may be
another supporting factor for glycemic control.89 Actually the
consumption of linseed seems to reduce the glucose absorp-
tion speed and the need for insulin production.90 The fibers in
linseed, beyond the direct effect on glycemic control, probably
also have indirect effects through the reduction of body
weight. Specifically, the high fiber content of linseed increases
the feeling of satiety, delays gastric emptying and reduces the
consumption of foods rich in energy.91–93 Finally, it is worth
mentioning that the phytoestrogens contained in flaxseed
seem to be involved in energy metabolism and suspend the
activity of many enzymes involved in cell signaling pathways
and in mechanisms inside the cell nucleus, such as cell pro-
liferation and differentiation.94

Recently, an effort has been made to investigate the effect
of linseed on the glycemic control of DMII patients through
yoghurt enrichment. More specifically, a randomized double-
blind clinical trial was performed in which 57 diabetic patients
participated. For a period of 8 weeks 200 g of 2.5% yoghurt
with 30 g of linseed was given to the intervention group, while
the control group consumed the same quantity of conventional
yoghurt for the same period. At the end of the study a signifi-
cant reduction of glycosylated hemoglobin, triglycerides, total
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cholesterol, systolic and diastolic blood pressure of the inter-
vention group in comparison with the control group was
observed.95

Discussion

Yoghurt is a food of high nutritional value, rich in vitamins,
minerals and beneficial microbes.6 Prospective studies
support that its systematic consumption can contribute to the
prevention of DMII, through various mechanisms that have
not been fully elucidated. Several ingredients are involved in
these mechanisms, such as calcium, proteins, vitamins and
lactic acid bacteria. Some of these ingredients increase satiety,
reducing energy intake, or act directly on the secretory func-
tion of the pancreas and reduce insulin resistance. Yoghurt is
a low GI food since lactose is the available carbohydrate.
However, dairy foods elicit a disproportional increase in
insulin response compared to other carbohydrate foods, this is
attributed to their higher protein content. Whether consumed
alone or as part of meals, yoghurt elicits a similar or lower
response than other foods.96 To date, most of the studies have
focused on the effects of yoghurt and in general of dairy pro-
ducts, on the prevention of DMII.18–21 The RCTs that have
been conducted to study the role of these foods in the manage-
ment of DMII are minimal. Actually, clinical trials concerning
the effect of yoghurt on diabetic patients are much fewer and
focus on its enrichment with vitamin D, calcium and probio-
tics, while studies concerning the enrichment with other ingre-
dients are scarce, such as B vitamins and linseed on which
there is only one study. The majority of these studies have
been conducted in the Asian population. It is therefore desir-
able to conduct similar studies in other populations. To date,
however, most studies examining the effects of fortified
yoghurt on glycemic control have focused on probiotic
fortification.75–78,80,97 The probiotics that have been used are
usually the strains of L. acidophilus and B. lactis in different
proportions, while the duration of the studies on yoghurt
enriched with probiotics mainly concerns a short period of
4–12 weeks. Therefore, further future research is needed in
order to elucidate the most effective combination and amount
of probiotic strains to be fortified as well as longer duration of
dietary interventions. The next two ingredients, after probio-
tics, with which yoghurt has been enriched and promises
benefits in glycemic control of diabetics are calcium and
vitamin D. Most studies have investigated the enrichment of
yoghurt with these two ingredients simultaneously, usually for
a short duration of 12–16 weeks.40,51,53,54 Calcium and vitamin
D appear to affect diabetics through a variety of mechanisms
and mainly through actions in the secretory function of the
pancreas and in the protection of β-pancreatic cells from oxi-
dative damage.48–50 However, as in the case of probiotics,
other clinical trials, with longer durations are required to
clarify their possible mechanisms of action and to draw safe
conclusions about their effects on glycemic control. In
addition to enriching yoghurt with ingredients such as probio-

tics, calcium, and vitamin D, very recently researchers have
turned their attention to enrichment with other ingredients.
Flaxseed is a vehicle of valuable nutrients such as phytoestro-
gens, fiber and omega-3 fatty acids and may have direct and/or
indirect effects on glucose management in diabetic patients.
At first glance, the results of flaxseed enrichment were posi-
tive.95 One last ingredient that has recently been studied to
enrich yoghurt is the B-complex vitamins. As these vitamins
contribute to metabolic regulation and it has been observed
that many diabetic patients have low levels of these vitamins,
it is considered valid to enhance yoghurt with such vitamins
aiming to improve their metabolic profile.66

The scientific data, so far, are encouraging about the poss-
ible beneficial effects of the systematic consumption of
yoghurt enriched with vitamin D, calcium or probiotics on the
glycemic control of DMII patients. Flaxseed and B-complex
vitamins are the two very recently studied ingredients to enrich
yoghurt that researchers have focused on.

However, the interventions that have taken place usually
concern a small number of individuals, last for a short period
of time (<3 months) and include the ingredients to enrich in
different quantities. Therefore, in order for the above data to
be confirmed and safe conclusions to be drawn, conducting
more and better designed studies is required. It is essential
that future research is focused on the study of a bigger sample
of diabetic individuals, who will receive the functional yoghurt
in ideal quantity with ingredient enrichment for a longer
period of time, so that the results are clearer and more
unambiguous.

Conflicts of interest

The authors declare that there is no conflict of interest.

References

1 World Health Organization, Diabetes, WHO, 2020.
2 R. A. Stancliffe, T. Thorpe and M. B. Zemel, Dairy attenu-

ates oxidative and inflammatory stress in metabolic syn-
drome, Am. J. Clin. Nutr., 2011, 94(2), 422–430.

3 T. C. Rideout, C. P. F. Marinangeli, H. Martin,
R. W. Browne and C. B. Rempel, Consumption of low-fat
dairy foods for 6 months improves insulin resistance
without adversely affecting lipids or body weight in healthy
adults: a randomized free-living cross-over study, Nutr. J.,
2013, 12, 56.

4 M. Fisberg and R. Machado, History of yogurt and current
patterns of consumption, Nutr. Rev., 2015, 73(suppl_1), 4–
7.

5 P. Mirmiran, Z. Bahadoran and F. Azizi, Functional foods-
based diet as a novel dietary approach for management of
type 2 diabetes and its complications: A review, World J.
Diabetes, 2014, 5(3), 267–281.

Review Food & Function

10312 | Food Funct., 2020, 11, 10306–10316 This journal is © The Royal Society of Chemistry 2020

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

9 
 2

02
0.

 D
ow

nl
oa

de
d 

on
 0

2.
03

.2
02

6 
06

:5
9:

16
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n 
3.

0 
U

np
or

te
d 

L
ic

en
ce

.
View Article Online

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d0fo02297g


6 M. A. Fernandez and A. Marette, Potential health benefits
of combining yogurt and fruits based on their probiotic
and prebiotic properties, Adv. Nutr., 2017, 8(1), 155S–164S.

7 USDA national nutrient database for standard reference,
Agriculture Research Service, U.S. Department of
Agriculture, 2014.

8 E. B. Williams, B. Hooper, A. Spiro and S. Stanner, The con-
tribution of yogurt to nutrient intakes across the life
course, Nutr. Bull., 2015, 40, 9–32.

9 N. H. El-Abbadi, M. C. Dao and S. N. Meydan, Yogurt: role
in healthy and active aging, Am. J. Clin. Nutr., 2014, 99(5),
1263S–1270S.

10 Food and Agriculture Organization of the United Nations
(FAO), Milk and dairy products in human nutrition, 2013, p.
5, 43, 74, 89, 218, 219, 359.

11 K. Zhang, H. Dai, W. Liang, L. Zhang and Z. Deng,
Fermented dairy foods intake and risk of cancer,
Int. J. Cancer, 2019, 144(9), 2099–2108.

12 K. Shida and K. Nomoto, Probiotics as efficient immunopo-
tentiators: translational role in cancer prevention, Indian
J. Med. Res., 2013, 138(5), 808–814.

13 V. Pala, S. Sieri, F. Berrino, P. Vineis, C. Sacerdote, D. Palli,
G. Masala, S. Panico, A. Mattiello, R. Tumino,
M. C. Giurdanella, C. Agnoli, S. Grioni and V. Krogh,
Yogurt consumption and risk of colorectal cancer in the
Italian European Prospective Investigation into Cancer and
Nutrition cohort, Int. J. Cancer, 2011, 129, 2712–2719.

14 M. Lee, H. Lee and J. Kim, Dairy food consumption is
associated with a lower risk of the metabolic syndrome and
its components: a systematic review and meta-analysis,
Br. J. Nutr., 2018, 120(4), 373–384.

15 J. Y. Dong, I. M. Szeto, K. Makinen, Q. Gao, J. Wang,
L. Q. Qin and Y. Zhao, Effect of probiotic fermented milk
on blood pressure: a meta-analysis of randomized con-
trolled trials, Br. J. Nutr., 2013, 110(7), 1188–1194.

16 J. R. Buendia, Y. Li, F. B. Hu, H. J. Cabral, M. L. Bradlee,
P. A. Quatromoni, M. R. Singer, G. C. Curhan and
L. L. Moore, Long-term yogurt consumption and risk of
incident hypertension in adults, J. Hypertens., 2018, 36(8),
1671–1679.

17 L. Wu and D. Sun, Consumption of yogurt and the incident
risk of cardiovascular disease: A meta-analysis of nine
cohort studies, Nutrients, 2017, 9(3), 315.

18 D. Gao, N. Ning, C. Wang, Y. Wang, Q. Li, Z. Meng, Y. Liu
and Q. Li, Dairy products consumption and risk of type 2
diabetes: systematic review and dose-response meta-ana-
lysis, PLoS One, 2013, 8(9), e73965.

19 D. Aune, T. Norat, P. Romundstad and L. J. Vatten, Dairy
products and the risk of type 2 diabetes: A systematic
review and dose-response meta-analysis of cohort studies,
Am. J. Clin. Nutr., 2013, 98, 1066–1083.

20 L. Gijsbers, E. L. Ding, V. S. Malik, J. de Goede,
J. M. Geleijnse and S. S. Soedamah-Muthu, Consumption
of dairy foods and diabetes incidence: a dose-response
meta-analysis of observational studies, Am. J. Clin. Nutr.,
2016, 103, 1111–1124.

21 C. Alvarez-Bueno, I. Cavero-Redondo, V. Martinez-Vizcaino,
M. Sotos-Prieto, J. Ruiz and A. Gil, Effects of milk and dairy
product consumption on type 2 diabetes: Overview of sys-
tematic reviews and meta-analyses, Adv. Nutr., 2019,
10(suppl_2), S154–S163.

22 D. Mozaffarian, T. Hao, E. B. Rimm, W. C. Willett and
F. B. Hu, Changes in diet and lifestyle and long-term
weight gain in women and men, N. Engl. J. Med., 2011, 364,
2392–2404.

23 A. S. Abargouei, M. Janghorbani, M. Salehi-Marzijarani and
A. Esmaillzadeh, Effect of dairy consumption on weight
and body composition in adults: a systematic review and
meta-analysis of randomized controlled clinical trials,
Int. J. Obes., 2012, 36, 1485–1493.

24 S. Panahi and A. Tremblay, The potential role of yogurt in
weight management and prevention of type 2 diabetes,
J. Am. Coll. Nutr., 2016, 35(8), 717–731.

25 S. Panahi, M. A. Fernandez, A. Marette and A. Tremblay,
Yogurt, diet quality and lifestyle factors, Eur. J. Clin. Nutr.,
2017, 71(5), 573–579.

26 T. K. Thorning, A. Raben, T. Tholstrup, S. S. Soedamah-
Muthu, I. Givens and A. Astrup, Food Nutr Res. Milk and
dairy products: good or bad for human health? An assess-
ment of the totality of scientific evidence, Food Nutr. Res.,
2016, 60, 32527.

27 J. C. Louie, V. M. Flood, A. M. Rangan, G. Burlutsky,
T. P. Gill, et al., Higher regular fat dairy consumption is
associated with lower incidence of metabolic syndrome but
not type 2 diabetes, Nutr. Metab. Cardiovasc. Dis., 2013,
23(9), 816–821.

28 E. A. Struijk, A. Heraclides, D. R. Witte, S. S. Soedamah-
Muthu, J. M. Geleijnse, et al.., Dairy product intake in
relation to glucose regulation indices and risk of type 2 dia-
betes, Nutr. Metab. Cardiovasc. Dis., 2013, 23(9), 822–828.

29 G. Pasin and K. B. Comeford, Dairy foods and dairy
proteins in the management of type 2 diabetes: A systema-
tic review of the critical evidence, Adv. Nutr., 2015, 6, 245–
259.

30 M. Veldhorst, A. Smeets, S. Soenen, A. Hochstenbach-
Waelen, R. Hursel and K. Diepvens, Protein-induced
satiety: effects and mechanisms of different proteins,
Physiol. Behav., 2008, 94, 300–307.

31 K. W. Jones, L. K. Eller, J. A. Parnell, P. K. Doyle-Baker,
A. L. Edwards and R. A. Reimer, Effect of a dairy- and
calcium-rich diet on weight loss and appetite during
energy restriction in overweight and obese adults: a ran-
domized trial, Eur. J. Clin. Nutr., 2013, 67, 371–376.

32 A. Tremblay, C. Doyon and M. Sanchez, Impact of yogurt
on appetite control, energy balance, and body composition,
Nutr. Rev., 2015, 73(suppl_1), 23–27.

33 M. B. Zemel, The role of dairy foods in weight manage-
ment, J. Am. Coll. Nutr., 2005, 24, 537S–546S.

34 M. B. Zemel, W. Thompson, A. Milstead, K. Morris and
P. Campbell, Calcium and Dairy Acceleration of Weight
and Fat Loss during Energy Restriction in Obese Adults,
Obes. Res., 2004, 12, 582–590.

Food & Function Review

This journal is © The Royal Society of Chemistry 2020 Food Funct., 2020, 11, 10306–10316 | 10313

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

9 
 2

02
0.

 D
ow

nl
oa

de
d 

on
 0

2.
03

.2
02

6 
06

:5
9:

16
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n 
3.

0 
U

np
or

te
d 

L
ic

en
ce

.
View Article Online

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d0fo02297g


35 J. Salas-Salvadó, M. Guasch-Ferré, A. Díaz-López and
N. Babio, Yogurt and diabetes: overview of recent observa-
tional studies, J. Nutr., 2017, 147(7), 1452S–1461S.

36 L. Wen and A. Duffy, Factors influencing the gut micro-
biota, inflammation and type 3 diabetes, J. Nutr., 2017,
147(Suppl), 1468S–1175S.

37 J. Qin, Y. Li, Z. Cai, S. Li, J. Zhu, F. Zhang, et al., A metagen-
ome-wide association study of gut microbiota in type 2 dia-
betes, Nature, 2012, 490(7418), 55–60.

38 P. F. Jacques and H. Wang, Yoghurt and weight manage-
ment, Am. J. Clin. Nutr., 2014, 99(Suppl), 1229S–1234S.

39 C. R. Kok and R. Hutkins, Yoghurt and other fermented
foods as sources of health-promoting bacteria, Nutr. Rev.,
2018, 76(S1), 4–15.

40 B. Nikooyeh, T. R. Neyestani, M. Farvid, H. Alavi-Majd,
A. Houshiarrad, A. Kalayi, N. Shariatzadeh, A. Gharavi,
S. Heravifard, N. Tayebinejad, S. Salekzamani and
M. Zahedirad, Daily consumption of vitamin D- or vitamin
D+ calcium-fortified yogurt drink improved glycemic
control in patients with type 2 diabetes: a randomized
clinical trial, Am. J. Clin. Nutr., 2011, 93(4), 764–771.

41 D. E. Roth, S. A. Abrams, J. Aloia, G. Bergeron,
M. W. Bourassa, K. H. Brown, M. S. Calvo, K. D. Cashman,
G. Combs, L. M. De-Regil, M. E. Jefferds, K. S. Jones,
H. Kapner, A. R. Martineau, L. M. Neufeld, R. L. Schleicher,
T. D. Thacher and S. J. Whiting, Global prevalence and
disease burden of vitamin D deficiency: a roadmap for
action in low- and middle-income countries, Ann. N. Y.
Acad. Sci., 2018, 1430(1), 44–79.

42 C. Gagnon, Z. X. Lu, D. J. Magliano, et al., Serum 25-hydro-
xyvitamin D, calcium intake, and risk of type 2 diabetes
after 5 years: results from a national, population-based pro-
spective study (the Australian Diabetes, Obesity and
Lifestyle study), Diabetes Care, 2011, 34(5), 1133–1138.

43 A. B. Mohammad, R. Akbari, B. Bahar and F. Saeedi, Status
of Vitamin-D in diabetic patients, Caspian J. Intern. Med.,
2014, 5(1), 40–42.

44 I. T. Campbell, R. J. Jarrett and H. Keen, Diurnal and seaso-
nal variation in oral glucose tolerance: studies in the
Antarctic, Diabetologia, 1975, 11, 139–145.

45 A. M. Borissova, T. Tankova, G. Kirilov, L. Dakovska and
R. Kovacheva, The effect of vitamin D3 on insulin secretion
and peripheral insulin sensitivity in type 2 diabetic
patients, Int. J. Clin. Pract., 2003, 57(4), 258–261.

46 B. J. Boucher, N. Mannan, K. Noonan, C. N. Hales and
S. J. W. Evans, Glucose intolerance and impairment of
insulin secretion in relation to vitamin D deficiency in East
London Asians, Diabetologia, 1995, 38, 1239–1245.

47 K. C. Chiu, A. Chu, V. L. Go and M. F. Saad,
Hypovitaminosis D is associated with insulin resistance
and beta cell dysfunction, Am. J. Clin. Nutr., 2004, 79(5),
820–825.

48 S. Shab-Bidar, T. R. Neyestani, A. Djazayery,
M. R. Eshraghian, A. Houshiarrad, A. Kalayi, et al.,
Improvement of vitamin D status resulted in amelioration
of biomarkers of systemic inflammation in the subjects

with type 2 diabetes, Diabetes/Metab. Res. Rev., 2012, 28(5),
424–430.

49 A. G. Pittas, J. Lau, F. B. Hu and B. Dawson-Hughes, The
role of vitamin D and calcium in type 2 diabetes. A sys-
tematic review and meta-analysis, J. Clin. Endocrinol.
Metab., 2007, 92, 2017–2910.

50 M. Kalergis, S. S. Leung Yinko and R. Nedelcu, Dairy pro-
ducts and prevention of type 2 diabetes: Implications for
research and practice, Front. Endocrinol., 2013, 4, 90.

51 S. Shab-Bidar, T. R. Neyestani, A. Djazayery,
M. R. Eshraghian, A. Houshiarrad, A. Gharavi, A. Kalayi,
N. Shariatzadeh, M. Zahedirad, N. Khalaji and H. Haidari,
Regular consumption of vitamin D-fortified yogurt drink
(Doogh) improved endothelial biomarkers in subjects with
type 2 diabetes: a randomized double-blind clinical trial,
BMC Med., 2011, 9, 125.

52 Q. Li and B. Xing, Vitamin D3-supplemented yogurt drink
improves Insulin resistance and lipid profiles in women
with gestational diabetes mellitus: A randomized double
blinded clinical trial, Ann. Nutr. Metab., 2016, 68(4), 285–
290.

53 T. Jafari, E. Faghihimani, A. Feizi, B. Iraj, S. H. Javanmard,
A. Esmaillzadeh, et al., Effects of vitamin D-fortified low fat
yogurt on glycemic status, anthropometric indexes, inflam-
mation, and bone turnover in diabetic postmenopausal
women: A randomised controlled clinical trial, Clin. Nutr.,
2016, 35(1), 67–76.

54 M. Hajimohammadi, S. Shab-Bidar and T. R. Neyestani,
Consumption of vitamin D-fortified yogurt drink increased
leptin and ghrelin levels but reduced leptin to ghrelin ratio
in type 2 diabetes patients: a single blind randomized con-
trolled trial, Eur. J. Nutr., 2017, 56(6), 2029–2036.

55 P. Rathanaswami and R. Sundaresan, Effects of thiamine
deficiency on the biosynthesis of insulin in rats, Biochem.
Int., 1991, 24(6), 1057–1062.

56 B. Dębski, T. Kurył, M. A. Gralak, J. Pierzynowska and
M. Drywien, Effect of inulin and oligofructose enrichment
of the diet on rats suffering thiamine deficiency, J. Anim.
Physiol. Anim. Nutr., 2011, 95, 335–342.

57 M. González-Ortiz, E. Martínez-Abundis, J. A. Robles-
Cervantes, V. Ramírez-Ramírez and M. G. Ramos-Zavala,
Effect of thiamine administration on metabolic profile,
cytokines and inflammatory markers in drug-naïve
patients with type 2 diabetes, Eur. J. Nutr., 2011, 50(2), 145–
149.

58 F. C. Polizzi, G. Andican, E. Çetin, S. Civelek, V. Yumuk,
et al., Increased DNA-glycation in type 2 diabetic patients:
the effect of thiamine and pyridoxine therapy, Exp. Clin.
Endocrinol. Diabetes, 2012, 120(6), 329–334.

59 N. Rabbani, S. S. Alam, S. Riaz, J. R. Larkin, M. W. Akhtar,
et al., High-dose thiamine therapy for patients with type 2
diabetes and microalbuminuria: a randomized, double-
blind placebo-controlled pilot study, Diabetologia, 2009,
52(2), 208–212.

60 S. Bertolini, C. Donati, N. Elicio, et al., Lipoprotein changes
induced by pantethine in hyperlipoproteinemic patients:

Review Food & Function

10314 | Food Funct., 2020, 11, 10306–10316 This journal is © The Royal Society of Chemistry 2020

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

9 
 2

02
0.

 D
ow

nl
oa

de
d 

on
 0

2.
03

.2
02

6 
06

:5
9:

16
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n 
3.

0 
U

np
or

te
d 

L
ic

en
ce

.
View Article Online

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d0fo02297g


adults and children, Int. J. Clin. Pharmacol., Ther. Toxicol.,
1986, 24, 630–637.

61 C. Donati, R. S. Bertieri and G. Barbi, Pantethine, diabetes
mellitus and atherosclerosis. Clinical study of 1045
patients, Clin. Ther., 1989, 128(6), 411–422.

62 F. Coronel, F. Tornero, J. Torrente, P. Naranjo, P. De Oleo,
et al., Treatment of hyperlipemia in diabetic patients on
dialysis with a physiological substance, Am. J. Nephrol.,
1991, 11(1), 32–36.

63 M. K. Smolek, N. F. Notaroberto, A. G. Jaramillo and
L. R. Pradillo, Intervention with vitamins in patients with
non-proliferative diabetic retinopathy: a pilot study, Clin.
Ophthalmol., 2013, 7, 1451–1458.

64 Q. Xu, J. Pan, J. Yu, X. Liu, L. Liu, et al., Meta-analysis of
methylcobalamin alone and in combination with lipoic
acid in patients with diabetic peripheral neuropathy,
Diabetes Res. Clin. Pract., 2013, 101(2), 99–105.

65 E. M. Moore, A. G. Mander, D. Ames, M. A. Kotowicz,
R. P. Carne, et al., Increased risk of cognitive impairment
in patients with diabetes is associated with metformin,
Diabetes Care, 2013, 36(10), 2981–2987.

66 A. E. Yanni, A. Kokkinos, G. Psychogiou, P. Binou,
K. Kartsioti, A. Chatzigeorgiou, P. Konstantopoulos,
D. Perrea, N. Tentolouris and V. T. Karathanos, Daily con-
sumption of fruit-flavored yoghurt enriched with vitamins
B contributes to lower energy intake and body weight
reduction, in type 2 diabetic patients: a randomized clini-
cal trial, Food Funct., 2019, 10(11), 7435–7443.

67 Food and Agriculture Organization and World Health
Organization Expert Consultation, Evaluation of health and
nutritional properties of powder milk and live lactic acid bac-
teria, Food and Agriculture Organization of the United
Nations and World Health Organization, Córdoba,
Argentina, 2001.

68 A. C. Gomes, A. A. Bueno, R. G. M. de Souza and J. F. Mota,
Gut microbiota, probiotics and diabetes, Nutr. J., 2014, 13,
60.

69 H. Yadav, S. Jain and P. R. Sinha, Oral administration of
dahi containing probiotic Lactobacillus acidophilus and
Lactobacillus casei delayed the progression of streptozoto-
cin-induced diabetes in rats, J. Dairy Res., 2008, 75(2), 189–
195.

70 X. Ma, J. Hua and Z. Li, Probiotics improve high fat diet-
induced hepatic steatosis and insulin resistance by increas-
ing hepatic NKT cells, J. Hepatol., 2008, 49(5), 821–830.

71 H. Al-Salami, G. Butt, I. Tucker, R. Skrbic, S. Golocorbin-
Kon and M. Mikov, Probiotic pre-treatment reduces glicla-
zide permeation (ex vivo) in healthy rats but increases it in
diabetic rats to the level seen in untreated healthy rats,
Arch. Drug Inf., 2008, 35–41.

72 T. Yamano, M. Tanida, A. Niijima, K. Maeda, N. Okumura,
Y. Fukushima, et al., Effects of the probiotic strain
Lactobacillus johnsonii strain La1 on autonomic nerves
and blood glucose in rats, Life Sci., 2006, 79, 1963–1967.

73 A. Borthakur, R. K. Gill, S. Tyagi, A. Koutsouris,
W. A. Alrefai, G. A. Hecht, et al., The probiotic Lactobacillus

acidophilus stimulates chloride/hydroxyl exchange activity
in human intestinal epithelial cells, J. Nutr., 2008, 138(7),
1355–1359.

74 H. Sadrzadeh-Yeganeh, I. Elmadfa, A. Djazayery, M. Jalali,
R. Heshmat, et al., The effects of probiotic and convention-
al yoghurt on lipid profile in women, Br. J. Nutr., 2010, 103,
1778–1783.

75 H. S. Ejtahed, J. Mohtadi-Nia, A. Homayouni-Rad,
M. Niafar, M. Asghari-Jafarabadi, et al., Probiotic yogurt
improves antioxidant status in type 2 diabetic patients,
Nutrition, 2012, 28(5), 539–543.

76 M. Mohamadshahi, M. Veissi, F. Haidari, H. Shahbazian,
G. A. Kaydani and F. Mohammadi, Effects of probiotic
yogurt consumption on inflammatory biomarkers in
patients with type 2 diabetes, BioImpacts, 2014, 4, 83–88.

77 K. D. Hove, C. Brøns, K. Færch, S. S. Lund, P. Rossing and
A. Vaag, Effects of 12 weeks of treatment with fermented
milk on blood pressure, glucose metabolism and markers
of cardiovascular risk in patients with type 2 diabetes: A
randomized double-blind placebo-controlled study,
Eur. J. Endocrinol., 2015, 172, 11–20.

78 L. B. Tonucci, K. M. Olbrich Dos Santos, L. Licursi de
Oliveira, S. M. Rocha Ribeiro and H. S. Duarte Martino,
Clinical application of probiotics in type 2 diabetes melli-
tus: A randomized, double-blind, placebo-controlled study,
Clin. Nutr., 2017, 36, 85–92.

79 Q. Zhang, Y. Wu and X. Fei, Effect of probiotics on glucose
metabolism in patients with type 2 diabetes mellitus: A
meta-analysis of randomized controlled trials, Medicina,
2016, 52, 28–34.

80 M. Rezaei, A. Sanagoo, L. Jouybari, N. Behnampoo and
A. Kavosi, The effect of probiotic yogurt on blood glucose
and cardiovascular biomarkers in patients with type II dia-
betes: A randomized controlled trial, Evidence Based Care J.,
2017, 6(4), 26–35.

81 Y. Ruan, J. Sun, J. He, F. Chen, R. Chen and H. Chen, Effect
of probiotics on glycemic control: A systematic review and
meta-analysis of randomized, controlled trials, PLoS One,
2015, 10(7), e0132121.

82 X. Wang, Q. F. Juan, Y. W. He, L. Zhuang, Y. Y. Fang and
Y. H. Wang, Multiple effects of probiotics on different types
of diabetes: A systematic review and meta-analysis of ran-
domized, placebo-controlled trials, J. Pediatr. Endocrinol.
Metab., 2017, 30, 611–622.

83 K. Yao, L. Zeng, Q. He, W. Wang, J. Lei and X. Zou, Effect of
probiotics on glucose and lipid metabolism in type 2 dia-
betes mellitus: A meta-analysis of 12 randomized con-
trolled trials, Med. Sci. Monit., 2017, 23, 3044–3053.

84 Y. M. Hu, F. Zhou, Y. Yuan and Y. C. Xu, Effects of probio-
tics supplement in patients with type 2 diabetes mellitus: A
meta-analysis of randomized trials, Med. Clin., 2017, 148,
362–370.

85 P. Kesika, B. S. Sivamaruthi and C. Chaiyasut, Do probio-
tics improve the health status of individuals with diabetes
mellitus? A review on outcomes of clinical trials, BioMed.
Res. Int., 2019, 1531567.

Food & Function Review

This journal is © The Royal Society of Chemistry 2020 Food Funct., 2020, 11, 10306–10316 | 10315

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

9 
 2

02
0.

 D
ow

nl
oa

de
d 

on
 0

2.
03

.2
02

6 
06

:5
9:

16
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n 
3.

0 
U

np
or

te
d 

L
ic

en
ce

.
View Article Online

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d0fo02297g


86 E. Barengolts, E. D. Smith, S. Reutrakul, L. Tonucci and
T. Anothaisintawee, The effect of probiotic yogurt on glyce-
mic control in type 2 diabetes or obesity: A meta-analysis of
nine randomized controlled trials, Nutrients, 2019, 11(3),
671.

87 W. Zhang, X. Wang, Y. Liu, H. Tian, B. Flickinger,
M. W. Empie and S. Z. Sun, Dietary flaxseed lignan extract
lowers plasma cholesterol and glucose concentrations in
hypercholesterolaemic subjects, Br. J. Nutr., 2008, 99(6),
1301–1309.

88 K. Prasad, Secoisolariciresinol diglucoside from flaxseed
delays the development of type 2 diabetes in Zucker rat,
J. Lab. Clin. Med., 2001, 138(1), 32–39.

89 W. J. Dahl, E. A. Lockert, A. L. Cammer and S. J. Whiting,
Effects of flax fiber on laxation and glycemic response in
healthy volunteers, J. Med. Food, 2005, 8(4), 508–511.

90 A. S. Morisset, S. Lemieux, A. Veilleux, J. Bergeron,
J. S. Weisnagel and A. Tchernof, Impact of a lignan-rich
diet on adiposity and insulin sensitivity in post-menopau-
sal women, Br. J. Nutr., 2009, 102, 195–200.

91 S. Ibrügger, M. Kristensen, M. S. Mikkelsen and A. Astrup,
Flaxseed dietary fiber supplements for suppression of
appetite and food intake, Appetite, 2012, 58, 490–495.

92 S. Kapoor, R. Sachdeva and A. Kochhar, Efficacy of flaxseed
supplementation on nutrient intake and other lifestyle

pattern in menopausal diabetic females, Stud. Ethnomed.,
2011, 5, 153–160.

93 S. Dodin, A. Lemay, H. Jacques, F. Légaré, J. C. Forest and
B. Mâsse, The effects of flaxseed dietary supplement on
lipid profile, bone mineral density, and symptoms in
menopausal women: a randomized, double-blind, wheat
germ placebo-controlled clinical trial, J. Clin. Endocrinol.
Metab., 2005, 90, 1390–1397.

94 S. J. Bhathena and M. T. Velasquez, Beneficial role of
dietary phytoestrogens in obesity and diabetes, Am. J. Clin.
Nutr., 2002, 76, 1191–1201.

95 N. Hasaniani, M. Rahimlou, A. Ramezani Ahmadi,
A. Mehdizadeh Khalifani and M. Alizadeh, The effect of
flaxseed enriched yogurt on the glycemic status and cardio-
vascular risk factors in patients with type 2 diabetes melli-
tus: randomized, open-labeled, controlled study, Clin. Nutr.
Res., 2019, 8(4), 284–295.

96 T. Wolever, Yogurt Is a Low–Glycemic Index Food, J. Nutr.,
2017, 147(7), 1462S–1467S.

97 A. Ostadrahimi, A. Taghizadeh, M. Mobasseri, N. Farrin,
L. Payahoo, Z. B. Gheshlaghi and M. Vahedjabbari, Effect
of probiotic fermented milk (Kefir) on glycemic control
and lipid profile in type 2 diabetic patients: A randomized
double-blind placebo-controlled clinical trial, Iran. J. Public
Health, 2015, 44(2), 228–237.

Review Food & Function

10316 | Food Funct., 2020, 11, 10306–10316 This journal is © The Royal Society of Chemistry 2020

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

9 
 2

02
0.

 D
ow

nl
oa

de
d 

on
 0

2.
03

.2
02

6 
06

:5
9:

16
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n 
3.

0 
U

np
or

te
d 

L
ic

en
ce

.
View Article Online

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d0fo02297g

	Button 1: 


