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1 | INTRODUCTION

Available data suggest that regular consumption of low-fat dairy
products has been associated with body weight management and re-
duced risk for type 2 diabetes mellitus (T2DM) especially for yogurt,

Abstract

Hunger-reducing effects and beneficial changes in gastrointestinal hormones have
been reported, in overweight/obese individuals consuming dairy while yogurt takes
pride of place due to its unique structure and composition. Although the contribu-
tion of yogurt to metabolic regulation has received growing attention, the research
studies which examine its role on appetite are limited, especially regarding type 2
diabetes mellitus (T2DM) patients. The aim of the present study was to investigate
the effects of non-fat, conventional yogurt consumption on appetite hormone re-
sponses of T2DM patients following a non-energy-restricted diet. Overweight sub-
jects participated in a 12-week dietary intervention including 2 meals/day (2 x 200 g)
of yogurt. At the beginning and the end of the intervention, a mixed meal tolerance
test assessing the postprandial response of glucose, insulin, ghrelin, glucagon-like
peptide-1 (GLP-1), and peptide-YY (PYY) was performed. Subjective appetite ratings
were also evaluated. Area under the curve for glucose, insulin, ghrelin, GLP-1,and PYY
responses did not differ after the 12-week intervention with yogurt (p > .05) as well
as for subjective appetite ratings (p > .05). No significant differences were indicated
at specific time points in any of the examined parameters. Regular consumption of
non-fat, conventional yogurt for 12-week duration does not affect appetite hormone

responses in overweight patients with T2DM following a non-energy-restricted diet.
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although evidence from randomized clinical trials is lacking (Alvarez-
Bueno et al., 2019; Dougkas et al., 2011; Guo et al., 2019; Panahi &
Tremblay, 2016; Yanni et al., 2020).

The amount of proteins and the composition of sugars in dairy
products are considered major factors involved in appetite hormone
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regulation and satiety, energy intake, and glycemic control (Panahi
et al., 2013). Hunger-reducing effects, suppression of orexigenic
hormone ghrelin, (Gilbert et al., 2011) and enhancement of anorec-
tic peptides, glucagon-like peptide-1 (GLP-1), and peptide-YY (PYY)
(Jones et al., 2013; Velhorst et al., 2008) in overweight/obese indi-
viduals consuming dairy under weight-reducing programs have been
reported.

Yogurt takes pride of place among dairy due to its unique struc-
ture and composition. Research data suggest that regular yogurt
consumption promotes body weight management, a fact which can
be attributed to the replacement of less healthy foods, the content
of specific nutrients such as proteins and Ca, the presence of lactic
acid bacteria as well as the structure of the food which can be used
as a vehicle for ingredients such as dietary fibers and microorgan-
isms, parameters which can contribute to the regulation of energy
balance (Panahi & Tremblay, 2016; Tremblay et al., 2015).

However, the results of the clinical trials regarding the effects
of yogurt on appetite regulation are scarce and remain inconsistent.
For example, although it has been shown that plain yogurt with high
protein content (i.e., 24 g/160 kcal) caused increased satiety and
delay in request for the next meal, (Douglas et al., 2013) plain yo-
gurt with high protein to carbohydrate ratio (PCR 2.30, 23.1 g pro-
teins/141 kcal) did not cause any differences in subjective satiety
ratings compared to strawberry yogurt with low PCR (0.79, 18.3 g
protein/167 kcal) (El Khoury et al., 2014). Beyond the small num-
ber of studies, research design such as yogurt consumption under
energy-restricted diet or not; the study participants, high or low
dairy consumers, men or women; the duration of the intervention,
12 weeks or higher; the type and the amount of yogurt, plain or for-
tified are parameters which significantly contribute to the variability
which characterizes research results. As far as the implication of yo-
gurt on appetite regulation of T2DM patients, there is severe lack
of evidence. The investigation of the possible beneficial effects of
regular yogurt consumption on gastrointestinal appetite-regulating
hormone responses after ingestion of a balanced meal is challenging,
especially for overweight diabetic patients since body weight man-
agement is inseparably linked with disease management.

Under this point of view, the present study aims to investigate
the effects of non-fat, conventional yogurt consumption on appetite
hormone responses of overweight T2DM patients who followed a
non-energy-restricted diet. For this reason, eligible subjects partici-
pated in a 12-week dietary intervention with yogurt, at the beginning
and the end of which a mixed meal tolerance test was performed and
gastrointestinal hormone responses and subjective appetite ratings
were evaluated.

2 | MATERIALS AND METHODS
2.1 | Patients

The present study is a part of a larger trial on the effects of yo-

gurt on diabetes outcomes in T2DM patients (Yanni et al., 2019).
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Subjects were recruited from the outpatient diabetes clinic of
the 1st Department of Propaedeutic and Internal Medicine, Laiko
General Hospital, Athens University Medical School. Inclusion cri-
teria required overweight patients aged between 45 and 75 years
with glycosylated hemoglobin (HBA, ) <8.5%, constant body weight,
stable dietary habits, and oral medications (hypoglycemic, hypolipi-
demic, and antihypertensive) for the last 3 months before screening.

Exclusion criteria were lactose intolerance, allergies to milk or
dairy products, history of cardiovascular, gastrointestinal, renal and
endocrinological diseases, treatment for weight reduction, intake of
supplements, and insulin therapy. Eligible subjects were informed in
detail regarding the study protocol, and all the procedures before
they gave voluntary informed written consent for participation.

Procedures involving human subjects were carried out in the
Diabetes Laboratory of the 1st Department of Propaedeutic and
Internal Medicine, Laiko General Hospital, Athens University
Medical School. All protocols were reviewed and approved by the
Institutional Review Board/Ethics Committee of Laiko General
Hospital and the Bioethics Committee of Harokopio University
of Athens. The study has been registered in clinicaltrials.gov as
NCT03926806.

2.2 | Study design

Eligible subjects (n = 12, 7 males/5 females) entered a 2-week run-in
period in which they received dietary training by an expert dietitian
and were instructed on a weight maintenance diet. All subjects were
asked to keep their physical activity habits stable.

Patients were enrolled in a 12-week dietary intervention in
which they were asked to consume 2 servings per day (2 x 200 g) of
non-fat, conventional yogurt, once as mid-morning snack and once
as mid-afternoon snack. Patients’ compliance was monitored by
weekly telephone interviews. It was also checked by a 3-day dietary
food recall questionnaire and by a food frequency questionnaire
which was filled at the beginning and the end of the 12-week dietary
intervention in order to evaluate dietary habits for the last 3 months
(Yanni et al., 2019).

At the beginning and the end of the study, a mixed meal tolerance
test was performed. Patients were asked to refrain from alcohol con-
sumption and strenuous exercise 24 h before the study day while food
intake was individually standardized. Subjects were invited to the lab-
oratory between 07:00 and 09:00 am after 12 h of fasting. Before each
session, physical examination and blood pressure measurement were
performed. An intravenous catheter was placed in a forearm vein, and
subjects were allowed to settle for 5-10 min before the first blood
sample was drawn. They were then asked to consume a standardized
meal consisting of 100 g rye bread, 56 g cheese (29% fat), 72 g turkey
(2% fat), and 100 ml of orange juice (total energy content of the meal:
583 kcal; 52% carbohydrate, 29% protein, and 19% fat). Postprandial
blood samples were collected at 30, 60, 90, 120, and 180 min after
the first bite. Glucose, insulin, total ghrelin, GLP-1, and PYY responses
were evaluated.
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Blood samples were collected while patients were in a sitting
position according to the standard protocol. For the separation of
plasma, vacutainers with K,EDTA as anticoagulant were used and
the samples were centrifuged immediately (1000 g for 10 min at 4°C).
Blood was collected in plain vacutainers, allowed to clot at room
temperature for 30 min, and then centrifuged (3000 rpm for 10 min
at 4°C) for the separation of serum. After isolation, plasma and serum
samples were stored at -80°C until analysis.

2.3 | Blood analyses

Total ghrelin was determined as previously described (Yanni
et al., 2017). In brief, the protease inhibitor phenylmethanesulfo-
nyl fluoride was added in K,EDTA plasma immediately after isola-
tion, and samples were then acidified with HCI and centrifuged for
10 min, at 3000 rpm and 4°C. A sandwich ELISA method (Human
Ghrelin [Total] ELISA kit; Millipore) was used for the determination
of total ghrelin at 0, 30, 60, 120, and 180 min. Total GLP-1 and PYY
were also detected in plasma and insulin in serum by sandwich ELISA
methods using commercially available kits (Human Total Glucagon-
Like Peptide-1 kit; Millipore, Human PYY [Total] ELISA kit; Millipore
and Human Insulin ELISA kit; Millipore, respectively) at 0, 30, 60, 90,
120, and 180 min.

Glucose concentrations at 0, 15, 30, 45, 60, 90, 120, and 180 min
were determined in plasma immediately by electrochemical method
in an automated analyzer (YSI 2300 STAT PLUS).

At the beginning and the end of the dietary intervention, basal
biochemical measurements were performed in serum by an auto-

mated biochemical analyzer (Yanni et al., 2019).

2.4 | Subjective appetite ratings

Subjective appetite was assessed at the beginning and the end of the
study during the mixed meal tolerance test. Ten cm visual analogue
scales (VAS) anchored by terms “not at all” (O cm) and “extremely”
(10 cm) were used to evaluate hunger, fullness, and desire for the
next meal. Specifically, VAS included three questions, that is, “How
hungry do you feel,” “How full do you feel,” and “How great is your
desire to eat.” Subjects were asked to complete the appetite ques-
tionnaire before the consumption of the meal (time 0) and at 30, 60,
90, 120, and 180 min postprandially.

2.5 | Statistical analysis

Values are expressed as mean + SEM. The Kolmogorov-Smirnov test
was applied to examine normal distribution of variables. Areas under
the curve (AUCs) for glycemic and insulinemic responses and for re-
sponses of total ghrelin, GLP-1, and PYY were calculated applying
the trapezoidal rule. AUC for VAS expressed as difference from pre-

prandial values was calculated using iAUC ignoring the area above

TABLE 1 Subjects’ characteristics before the intervention

Characteristic

Age (y) 61.3+1.2
Male/female 7/5

Body weight (kg) 825+25
BMI (kg/m?) 29.0+0.5
HbA,, (%) 6.3+0.2
Fasting plasma glucose (mg/dl) 137.9 + 10.4

Note: Values are expressed as mean + SEM.

Abbreviations: BMI, body mass index; HbA, , glycosylated hemoglobin.

1c’

the x axis for “Hunger” and “Desire to eat” and below the x axis for
“Fullness.” Paired samples Student's t-test was used to compare the
postprandial changes in blood variables and subjective appetite rat-
ings and identify significant differences at specific time points. The
same test was applied for AUC and iAUC values. Statistical signifi-
cance was set at 0.05. For the analysis, SPSS 21.0 statistical soft-
ware package was used.

3 | RESULTS
3.1 | Blood analyses

Subjects’ characteristics before intervention are presented in
Table 1. Yogurt provided 110 kcal of energy, 19.2 g protein, 8.4 g
carbohydrates, and 240 mg Ca per 200 g serving, and it was
well-tolerated by the patients. Compliance was checked when
food items were provided to the participants and also by the 3-
day dietary food recall questionnaire and the food frequency
questionnaire.

Glucose and insulin responses to mixed meal tolerance test be-
fore and after the dietary intervention with non-fat, conventional
yogurt are demonstrated in Figure 1a,b, respectively. No significant
differences were noticed before and after the intervention neither in
specific time points nor in the AUCs (Table 2).

Total ghrelin was reduced after consumption of the mixed meal,
with a minimum value at 120 min postprandially both before and after
the intervention. There was a tendency for a larger reduction of ghrelin
levels after intervention; however, no significant difference between
the two tests was observed (Figure 2a). Similarly, GLP-1 and PYY re-
sponses did not show any change at the end of the study compared
with the beginning (p > .05 for each time point and for AUC between

the two mixed meal tolerance tests, Table 2; Figure 2b,c).

3.2 | Subjective appetite ratings

Subjective appetite ratings are presented as differences from pre-
prandial state over the 180 min after consumption of the meal, in
Figure 3. iAUC values did not indicate any significant differences
(Table 3).
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4 | DISCUSSION

The present study investigated the effects of a 12-week, non-energy-
restricted dietary intervention with non-fat, conventional yogurt, on
appetite hormone responses of overweight T2DM patients. Although
there is a lot of discussion on the role of yogurt consumption in meta-
bolic regulation, there is severe lack of evidence regarding the effect
of yogurt on appetite especially in T2DM patients.

High intake of dairy products for 24 weeks (diet with 3 servings
of dairy/day contributing with 1200 mg Ca/day) did not cause any
reduction of body weight in overweight/obese subjects following a
non-energy-restricted diet but resulted in decreased total body fat
and increased lean body mass when compared to low dairy (<1 serv-
ing/day)/Ca (<500 mg/day) intake (Zemel et al., 2005) It has also
been reported that dairy product consumption for a least period
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FIGURE 1 Postprandial glucose (a) and insulin (b) responses
during the mixed meal tolerance test performed before and after
the 12-week dietary intervention with non-fat, conventional
yogurt. Values are presented as means + SEM

TABLE 2 AUC for glucose, insulin,

ghrelin, GLP-1, and PYY before and after AUC

of 16 weeks has modest benefits on body weight and composition
in overweigh/obese adults aged 18-50 years following energy-
restricted diets (Stonehouse et al., 2016).
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FIGURE 2 Absolute concentrations of plasma ghrelin (a), GLP-1
(b), and PYY (c) during the mixed meal tolerance test in T2DM

patients before and after the 12-week dietary intervention. Values
are presented as means + SEM

Baseline End

the dietary intervention with non-fat,
conventional yogurt

Glucose (mg/dl x 180 min)
Insulin (pU/ml x 180 min)
Ghrelin (pg/ml x 180 min)
GLP-1 (pmol/L x 180 min)
PYY (pg/ml x 180 min)

10,152.47 + 1987.45
14,381.67 + 4090.84
110,677.00 + 19,365.48
8713.18 + 927.88
21,057.24 + 2192.48

Note: Values are expressed as mean + SEM.
Abbreviations: AUC, area under the curve; GLP-1, glucagon-like peptide-1; PYY, peptide-YY.

10,375.17 + 1720.15
14,054.36 + 3638.96
102,333.30 + 15,259.73
8919.85 + 984.70
20,504.51 + 2941.56
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FIGURE 3 Subjective appetite ratings for hunger (a), fullness (b),
and desire to eat (c) during the mixed meal tolerance test before
and after the 12-week dietary intervention. Values are presented as
means + SEM

Hunger-reducing effects and beneficial changes in gastroin-
testinal hormones have been reported (Gilbert et al., 2011; Jones
et al., 2013; Velhorst et al., 2008) in overweight/obese individuals
consuming dairy while in weight-reducing programs. However, these
effects were not always accompanied by greater weight loss (Jones
et al., 2013). Parameters such as the duration of the intervention, the
type of dairy, and the study population cause variances in research

results.

TABLE 3 Incremental area under the curve (iIAUC) for subjective
appetite ratings (hunger, fullness, and desire to eat) before and after
the dietary intervention with non-fat, conventional yogurt

iAUC

(cm x 180 min) Baseline End

-507.43 + 159.23
436.83 + 171.86
-483.52 + 171.54

-573.65 + 159.18
327.48 + 102.00
-431.54 + 146.58

Hunger
Fullness

Desire to eat

Note: Values are expressed as mean + SEM.

Especially for yogurt, high-protein yogurt afternoon snacks
have been shown to increase satiety compared to ones with lower
protein content (Douglas et al., 2013; El Khoury et al., 2014) or to
high-fat snacks such as crackers and chocolate (Ortinau et al., 2014)
contributing to lower subsequent energy intake. However, when
plain yogurt with high protein content (23.1 g proteins/141 kcal)
was administered to healthy males, no differences in subjective sa-
tiety ratings were noticed compared to strawberry yogurt with low
protein content (18.3 g protein/167 kcal) (El Khoury et al., 2014).
Additionally, no added benefit was observed in increasing lean mass
by yogurt consumption and modest energy restriction, in over-
weight women followed a resistance-training program for 16 weeks
(Thomas et al., 2011).

In the present study, a non-fat conventional yogurt was exam-
ined. The results demonstrated that intake of this type of yogurt for
12 weeks under non-energy-restricted diet did not affect appetite
hormone responses, energy intake, or body weight. As it was men-
tioned before, high dairy intake by overweight/obese subjects (low
dairy consumers) following a weight maintenance diet for 24 weeks
did not change body weight but caused a significant reduction in
total body fat and an increase in lean mass (Zemel et al., 2005). Two
meta-analyses have concluded that dairy consumption in situations
without energy restriction neither leads to gain nor to loss of body
weight (Abargouei et al., 2012; Chen et al., 2012). Beneficial effects
on body composition were not observed in the present study, prob-
ably due to the smaller duration of the intervention. However, no
significant association between total yogurt consumption and rever-
sion of abdominal obesity status or lower waist circumference was
found in elderly with high cardiovascular risk (Santiago et al., 2016).

Studies support the positive effects of whey protein and ca-
sein, the major fractions in dairy products on appetite hormones
such as GLP-1, PYY and cholecystokinin as well as ghrelin (Akhavan
et al., 2010, 2014; Bowen et al., 2006). Even so, after a 12-week
energy-restricted dietary intervention with high dairy and Ca in
overweight/obese adults, a modest increase in plasma PYY concen-
trations during a mixed meal tolerance test was noticed but no other
changes were observed regarding appetite hormone responses that
is, GLP-1, GIP, or ghrelin (Jones et al., 2013). In accordance with
these findings, the present study demonstrated no differences in
ghrelin, PYY, and GLP-1 responses to a mixed meal tolerance test
in overweight T2DM patients. These findings are also supported by

subjective appetite ratings.
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Although the number of participants is small and this is a lim-
itation of the present study, the results are clear and support the
findings of other relevant studies.

Considering the above-mentioned results, it is concluded that
conventional yogurt consumption for 12-week duration without
energy restriction does not affect appetite hormone responses and
neither leads to gain nor to loss of body weight in overweight pa-
tients with T2DM. These findings are in accordance with those of
studies conducted in non-diabetic overweight/obese subjects with
high dairy consumption for 12-week interventions. More and well-
designed studies are needed in order to shed light on the under-
lying mechanisms regarding the effects of yogurt consumption on
appetite regulation and implication of gastrointestinal hormones.
Factors such as changing dietary habits by replacement of less
healthy foods, the secretory effects of specific nutrients as well as
the presence of lactic acid bacteria and their influence in shaping
gut microbiota should be taken into consideration. It seems that the
approach of yogurt fortification that is, with vitamin D or vitamins
B (Heravifard et al., 2013; Jafari et al., 2016; Nikooyeh et al., 2014;
Yanni et al., 2019) as well as probiotics (Qu et al., 2018; Tazakori
et al., 2017) could be effective. Greater improvement in body com-
position and metabolic parameters was observed after consump-
tion of yogurt fortified with whey protein, Ca, vitamin D, prebiotics,
and probiotics compared with low-fat plain yogurt under energy-
restricted diet (Mohammadi-Sartang et al., 2018; Yanni et al., 2020).
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