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Abstract
Background  Dairy consumption is associated with many health benefits. However, to our knowledge, no clinical 
trials examined the effects of milk protein concentrate (MPC) on metabolic health in overweight and obese adults. 
This study investigated the effect of supplementation with MPC on glycaemic status, lipid profile, biomarkers of 
inflammation, and anthropometric measurements in women with obesity under a weight loss diet.

Methods  This is a single-blind, open-labelled, parallel-group, randomized trial. Forty-four healthy women with 
obesity were randomized into a control (n = 22) or MPC (n = 22) group. Participants in the MPC group were 
supplemented with 30 g of MPC per day for 8 weeks. Both groups were on a calorie-restricted diet plan with 800 Kcal 
lower intakes than their needs. Blood samples, dietary intake, and body composition were assessed before and after 
the intervention.

Results  MPC group had a significantly lower body mass index (P = 0.009), waist circumference (P = 0.013), fat mass 
(P = 0.021), appetite score (P = 0.002), fasting blood sugar (P < 0.001), insulin (P = 0.027), low-density lipoprotein 
cholesterol (P = 0.025), and leptin (P = 0.014) levels and higher high-density lipoprotein cholesterol (P = 0.001) and 
adiponectin (P = 0.032) compared to the control group after supplementation. Lean body mass, total cholesterol, and 
triglyceride did not differ significantly (P > 0.05).

Conclusion  Daily intake of 30 g of MPC for 8 weeks may improve several anthropometric and metabolic markers in 
women with obesity under a hypocaloric diet.
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Background
Overweight and obesity remain the biggest health con-
cern worldwide, affecting about two billion people [1]. 
About 27% of the population in Iran is also overweight 
and obese, with women being more predisposed to the 
condition [2]. The enlarged adipose tissue often ensues 
with the infiltration of macrophages, which put the body 
in a pro-inflammatory state by increasing the produc-
tion of cytokines like leptin and reducing the synthe-
sis of adiponectin. This hormonal dysregulation may 
lead to insulin resistance due to impaired cell signalling, 
which could further disrupt the lipid profile, leading to 
chronic diseases such as type 2 diabetes, cardiovascular 
diseases (CVD), and some types of cancers [3]. Weight 
loss is crucial for the management of the condition and 
to reduce the risk of chronic diseases [4]. A low-calorie 
diet is required for an effective weight loss. Also, some 
dietary constituents may be used as supplements in 
weight loss diets. Protein supplements may be benefi-
cial in the management of weight loss due to their high 
diet-induced thermogenesis [5], ability to induce sati-
ety (by stimulating the release of cholecystokinin), and 
prolonged satiation (by slowing gastric emptying) [6, 7]. 
However, proteins from different sources have diverse 
metabolic effects [8]. Dairy products are a major source 
of high-value protein. Dairy protein is made up of 2 
major classes of proteins: casein (80%) and whey (20%). 
They are both complete proteins containing all essen-
tial amino acids, but they differ in the way in which they 
are digested and absorbed [9]. Literature suggests that 
higher consumption of dairy products is associated with 
a lower risk of obesity, metabolic-related disorders, and 
CVD [10–14]. These benefits were also more prominent 
when low-fat dairy was investigated [15]. Milk protein 
concentrate (MPC) is developed from pasteurized skim 
milk through diafiltration, ultrafiltration, and spray dry-
ing. MPC contains milk proteins (whey and casein) in 
the same ratio found in milk, while much of its fat, salt, 
and lactose are removed, making it an excellent ingre-
dient for enriching foods and beverages [16]. Research 
has shown that milk proteins, especially whey protein, 
exert beneficial effects on glycaemic control by increas-
ing insulin response and lowering blood glucose [17]. 
An animal study also reported a greater weight-reducing 
effect of MPC compared to that of whey or casein alone 
[18]. Milk intake has also been reported to reduce cho-
lesterol levels and inflammation [19, 20]. However, to our 
knowledge, no clinical trial study has ever been carried 
out to examine the effects of MPC on metabolic health in 
overweight and obese adults. Therefore, in a single-blind, 
randomized clinical trial study we investigated the effect 
of a daily intake of 30 g of MPC for 8 weeks on glycae-
mic status, lipid profile, biomarkers of inflammation, and 

anthropometric measurements in women with obesity 
under a weight loss diet.

Methods
Women with obesity aged 18 years and older who meet 
the study eligibility criteria were recruited from the 
diet therapy clinic of Abadan Imam Khomeini Hospi-
tal. Women who had a BMI outside the range of 30 to 
40  kg/m2, were pregnant, lactating, menopausal, or suf-
fer from food allergies, or with eating disorders, can-
cer, hepatic, renal, thyroid, and gastrointestinal diseases 
were not eligible. Women who went through consider-
able weight loss (> 5% of body weight) six months before 
the study, underwent Bariatric surgeries, or took weight 
management drugs, were also excluded from the study. 
The methodology of the study was approved by the Eth-
ics Committee of Ahvaz University of Medical Sciences 
(approval number: IR.AJUMS.REC.1399.795). A signed 
written informed consent was obtained from each par-
ticipant. The trial was registered at the Iranian Registry 
of Clinical Trials (www.IRCT.IR) under the registration 
number IRCT20201223049804N1.

This is a single-blind, open-labelled, parallel-group, 
randomized trial. The subjects were randomly stratified 
according to age and BMI using a permuted block ran-
domization procedure by Random Allocation Software 
(RAS). The ratio of the intended number of partici-
pants in each of the matched groups was 1:1. They were 
assigned to one of the two study groups: (Fig. 1)

(1)	 Standard weight loss group (n = 22) (control group).
(2)	 MPC supplementation weight loss group (n = 22) 

(intervention group).

The method for sample size calculation has been pub-
lished in the study protocol [21].

A dietary plan to reduce calorie intake by 800  kcal/d 
from the total energy expenditure (TEE) was prescribed 
by a trained dietitian for 8 weeks. The total energy 
requirements of participants were calculated using Mif-
flin-St. Jeor formula for basal energy expenditure (BEE), 
then the thermic effect of food and activity thermogen-
esis were added to the BEE to obtain the TEE [21]. The 
macronutrient distribution of the diet in the control 
group was as follows; 55% of energy from carbohydrates, 
30% from fats, and 15% from proteins. The control group 
did not receive any placebo, they received only a weight-
loss diet.

For the intervention group, a weight loss diet with MPC 
supplements was prescribed. The macronutrient distribu-
tion of the diet in the intervention group was as follows; 
55% of energy from carbohydrates, 30% from fats, and 
15% from proteins. Participants in the MPC group also 
received a 30-gram MPC powder sachet which provided 

http://www.IRCT.IR
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105 kcal, 0.4 g of lipid, 6 g of carbohydrate, and 20 g of 
protein per day. Participants were instructed to mix the 
sachet with 250 ml of cold water and drink it every morn-
ing on an empty stomach [21, 22]. The added calories of 
the MPC sachet (105  kcal) were also reduced from the 
TEE in the design of the weight loss intervention. Con-
sidering the calorie of each MPC sachet (105  kcal), 905 
calories below estimated energy needs was regarded for 
the intervention group. MPC sachets were supplied by 
Pegah Dairy Industries Co., Khorasan, Iran. To create 
variety in the diet while maintaining the general princi-
ples of diet, all subjects were given a dietary exchange list 
and a diet according to their food habits. The study sub-
jects were asked not to change their dietary habits and 
physical activity during the study. To ensure compliance, 
a dietitian contacted participants every week. To evaluate 

dietary intake, all participants completed a 3-day 24-hour 
dietary recall at baseline and the end of the study. Daily 
macro-and micro-nutrients intakes were analyzed by 
nutritionist IV software (First Databank, San Bruno, CA). 
The 8-week intervention period for this study was deter-
mined based on the Faghih et al. study which showed 
increasing low-fat milk consumption for 8 weeks sig-
nificantly decreases general and central obesity beyond a 
low-calorie diet [23].

The CONSORT Flow Diagram of the RCT is shown in 
Fig. 1.

Anthropometric measures of participants were evalu-
ated at baseline, week 8 of the intervention, and fort-
nightly during the intervention after overnight fasting 
with minimum clothing by the same trained dietitian. 
Height was measured to the nearest 0.5 cm with a tape 

Fig. 1  CONSORT 2010 Flow Diagram
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measure in a standing position, with shoulders in a nor-
mal alignment and without shoes. Weight was measured 
by a digital scale without shoes and with a minimum of 
clothes with an accuracy of 0.1  kg. X-CONTACT 350 
body composition analyzer was used to measure total 
body fat and fat-free mass. Participants were advised to 
avoid drinking water, alcohol, coffee, and tea, exercise, 
and bathing before the test and not to be in the men-
strual phase. Waist circumference (WC) was measured 
at the narrowest point of the torso (precise: 0.5 cm). The 
body mass index (BMI) was calculated as weight (kg) 
divided by the square of height (m2). Obesity was defined 
as a BMI higher than 30  kg/m2 [24, 25]. Physical activ-
ity was evaluated using the International Physical Activ-
ity Questionnaire (IPAQ), and the results were expressed 
as high (> 1500 met-min/week), moderate (600–1500 
met-min/week), and low (> 600 met-min/week) activ-
ity [26]. Participants were asked to maintain their usual 
physical activity during the investigation. Participants’ 
appetite was measured at baseline and the end of the 
study before breakfast using the Council on Nutrition 
Appetite Questionnaire (CNAQ). It consists of a series 
of scored questions evaluating appetite, hunger, feeling 

sick or nauseated when eating, and temperament. A total 
score ≥ 29 (out of 40) indicates good appetite, while a 
score < 28 is regarded as poor appetite [27].

Participants’ blood biomarkers were also measured 
at baseline and the end of the study. After 10–12  h of 
fasting, 10  ml of blood sample was collected from each 
participant. Fasting blood glucose and lipid profile were 
evaluated by the enzymatic method with Pars-Azmoon 
kits (Tehran, Iran). Insulin levels were measured by 
chemiluminescent immunoassay. Homeostasis model 
assessment-insulin resistance (HOMA-IR) was calcu-
lated by the following formula: fasting glucose (mg/dL) 
× fasting insulin (µU/mL) /405. ELISA kits were used to 
determine serum leptin and adiponectin levels (Eastbio-
pharm, Hangzhou, China). Criteria for glucometabolic 
disturbances as established by the World Health Organi-
zation (WHO) was considered: fasting blood sugar (FBS): 
70–100 mg/dL: Normal; 100–125 mg/dL: Impaired fast-
ing glucose; ≥126 mg/dL: Diabetes mellitus [28].

The data analyst was blinded after the assignment to 
interventions. Data were analyzed using the IBM SPSS 
Statistics software (Version 23) (IBM SPSS Statistics, 
Armonk, USA). Categorical variables were compared 
using the chi-square test. Continuous variables were 
expressed as mean ± standard deviation (SD). The Kol-
mogorov-Smirnov test was used to determine the nor-
mality of data distribution. For quantitative variables, 
the means of the two groups were compared by indepen-
dent t-test and Mann-Whitney test for the parametric 
and nonparametric data, respectively. Paired t-test and 
Wilcoxon signed rank were used to compare pre- and 
post-intervention variables within groups. Analysis of 
covariance (ANCOVA) test was used to determine any 
differences in the MPC group at the end of the trial while 
adjusting for baseline values. Differences were considered 
significant at p ≤ 0.05.

Results
One subject in the intervention group (due to noncom-
pliance) and two participants in the control group (due to 
travel and private reasons) were lost to follow. All analy-
ses were performed on 41 participants (control group, 
n = 20 and intervention group, n = 21). The baseline char-
acteristics of the participants are shown in Table 1. There 
were no significant differences between age, weight, BMI, 
physical activity, and educational status of participants 
between the MPC and control groups (P > 0.05). There 
were also no significant differences in energy and macro-
nutrient intakes between the two groups before and after 
the intervention (Table 2).

After eight weeks of supplementation with 30  g of 
MPC, participants in the intervention group had sig-
nificantly lower BMI (P = 0.009), WC (P = 0.013), and 
fat mass (P = 0.021) compared to the control group. 

Table 1  Baseline characteristics of study participants
Variables All Subject MPC 

group(n = 21)
Control 
group 
(n = 20)

P 
value 
c

Age (years) a 36.95 37.19(5.77) 36.70(9.02) 0.838
Height (cm)a 1.59 1.60(0.07) 1.58(0.06) 0. 408
weight 87.26 86.32(10.22) 88.20(10.32) 0.563
BMI 34.37 33.66(2.94) 35.08(3.04) 0.136
Married status 0.444
  Married 25(60.97%) 14(66.66%) 11(55%)
  Unmarried 16(39.02%) 7(33.33%) 9(45%)
Job statusb 0.784
  Employees 10(24.39%) 6(28.57%) 4(20%)
  Non-adminis-
trative employees

9(21.95%) 4(19.04%) 5(25%)

  Housewife 22(53.65%) 11(52.38%) 11(55%)
Education 
statusb

0.461

  High school & 
diploma

18(43.90%) 8(38.09%) 10(50%)

  Associate 
degree

8(19.51%) 5(23.80%) 3(15%)

  Bachelor 13(31.70%) 6(28.57%) 7(35%)
  Postgraduate 2(4.8%) 2(9.52%) 0(0%)
Physical 
activityb

0.939

Low 33(90.24) 17(80.95) 16(80)
Moderate 8(19.51) 4(19.04) 4 (20)
a Mean (SD)

b Number (%)

c Independent t test or Mann Whitney test for numeric variables and Pearson’s 
chi-square test for categorical variables
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However, the differences in weight (P = 0.137) and fat-free 
mass (P = 0.818) did not reach a statistically significant 
level. Within-group differences also suggested significant 
reductions in body weight, BMI, WC, and fat mass after 
intervention in both groups but changes in fat-free mass 
did not reach a statistically significant level in the MPC 
group (P = 0.082) (Table 3).

Participants in the MPC group also had a lower FBS 
(P < 0.001), insulin (P = 0.027), HOMA-IR (P = 0.020), 
LDL-C (P = 0.025), leptin (P = 0.014), appetite score 
(P = 0.002), and higher adiponectin (P = 0.032), and 
HDL-C (P = 0.001) serum levels following the interven-
tion compared to the control group (Table  4). Appetite 
and biochemical markers were all reduced significantly 
following MPC supplementation, but the changes were 
not significant in the control group (except for a reduc-
tion in insulin, total cholesterol, and LDL-C and an 
increase in adiponectin) (P > 0.05).

Discussion
The findings of this study suggest that supplementation 
with 30 g MPC per day for 8 weeks in women with obe-
sity following a weight-loss diet resulted in reductions 
in BMI, WC, fat mass, FBS, insulin, LDL-C, and leptin, 
and an increase in HDL-C and adiponectin. The recom-
mended dietary allowance (RDA) for protein to prevent 
deficiency for an average sedentary adult is 0.8 g per kilo-
gram of body weight [29]. In the present study, protein 
intake was almost at the recommended amount (0.8  g/
kg to 0.89 g/kg). A diet high in protein may help improve 
anthropometric measures and metabolic markers in 
overweight and obese individuals [30] by increasing 

Table 2  Daily dietary intakes of the study participants at 
baseline and 2 months after the intervention
Variables MPC group

(n = 21)
Control group
(n = 20)

P val-
ueb, c

Energy 
(kcal/day)

Before 2259.80 ± 238.34 a 2180.66 ± 279.55 0.204 
b

After 1797.30 ± 142.76 1748.11 ± 139.34 0.709
pd 0.001 0.001>

Carbohy-
drate (% 
energy)

Before 51.59 ± 5.16 48.49 ± 5.93 0.062 
b

After 49.92 ± 5.44 50.07 ± 6.96 0.610 c

pd 0.328 0.455
Protein (% 
energy)

Before 16.47 ± 2.88 17.25 ± 3.64 0.502 
b

After 18.22 ± 3.23 19.40 ± 4.37 0.811 c

pd 0.059 0.069
Total 
fat (% 
energy)

Before 34.16 ± 5.92 36.26 ± 8.26 0.152 
b

After 32.9 ± 5.57 32.35 ± 5.07 0.781 c

pd 0.492 0.110
SFA (gr/
day)

Before 14.50 ± 5.01 17.15 ± 6.53 0.146 
b

After 12.09 ± 3.04 11.92 ± 4.82 0.895 c

pd 0.216 0.007
MUFA (gr/
day)

Before 17.29 ± 6.08 20.50 ± 9.85 0.208 
b

After 14.62 ± 3.66 13.19 ± 3.85 0.237 c

pd 0.073 0.015
PUFA (gr/
day)

Before 24.89 ± 7.45 28.30 ± 12.47 0.283 
b

After 17.65 ± 5.01 17.99 ± 5.49 0.840 c

pd 0.001 0.007
choles-
terol (gr/
day)

Before 166.96 ± 122.27 193.93 ± 132.58 0.497b

After 182.20 ± 122.70 188.52 ± 162.28 0.890 c

pd 0.736 0.918
MD: mean difference, CI: confidence interval, SFA: saturated fatty acid, MUFA: 
monounsaturated fatty acid, PUFA: polyunsaturated fatty acid

a Mean (SD). p values of statistical significance (p < 0.05) are presented in bold

b Independent t test for intake of energy, carbohydrate, protein, and total fat 
and Mann-Whitney U for SFA, MUFA, PUFA, and other fat

c Analysis of covariance (adjusted for baseline values and changes in intake of 
energy, percent of carbohydrate, protein, total fat, SFA, MUFA, PUFA, and other 
fat )

d Paired t test intake of energy, carbohydrate, protein, and total fat and 
Wilcoxon for SFA, MUFA, PUFA, and other fat

Table 3  Anthropometric measures at baseline and end of the 
intervention
Variables MPC group 

(n = 21)
Control 
group
(n = 20)

P val-
ueb, c

Body weight 
(kg)

Before 86.12 ± 10.22 a 88.20 ± 10.32 0.563b

After 81.61 ± 9.17 85.59 ± 10.27 0.137 c

pd < 0.001 < 0.001
BMI (kg/m2) Before 33.66 ± 2.94 35.08 ± 3.05 0.136 b

After 31.57 ± 2.39 34.05 ± 3.21 0.009 c

pd < 0.001 < 0.001
WC (cm) Before 98.40 ± 4.24 100.42 ± 7.99 0.315 b

After 93.35 ± 3.47 98.15 ± 7.66 0.013 c

pd < 0.001 < 0.001
Body fat (kg) Before 35.45 ± 5.66 36.76 ± 5.34 0.452 b

After 30.92 ± 5.72 35.20 ± 5.52 0.021 c

pd < 0.001 0.002
Body fat-free 
mass (%)

Before 50.86 ± 5.12 51.44 ± 5.57 0.731 b

After 50.15 ± 4.54 50.39 ± 5.48 0.818 c

pd 0.082 < 0.001
MD: mean difference, CI: confidence interval, BMI: body mass index, WC: waist 
circumference

aMean (SD). p values of statistical significance (p < 0.05) are presented in bold

bIndependent t test

cAnalysis of covariance (adjusted for baseline values and changes in intake of 
energy, percent of carbohydrate, protein, total fat, SFA, MUFA, PUFA, and other 
fat, physical activity, and baseline values)

dPaired t test
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satiety and dietary-induced thermogenesis (DIT) [31]. 
However, the beneficial effects observed may depend 
on the source of dietary protein [32]. For example, whey 
protein has been shown to have a higher thermic effect 
compared to soy protein. This could be due to the higher 
content of branched-chain amino acids found in whey 
protein [33]. While satiety and appetite are not inter-
changeable, the lower appetite score observed follow-
ing MPC supplementation in this study supports the 
high post-prandial satiety reported for whey protein 

compared to fish and eggs previously [34]. An increase 
in serum level of cholecystokinin following the consump-
tion of whey protein [35] can also induce satiety. Casein, 
another major contributor to milk protein also induces 
long-term satiety [36]. Moreover, the favorable impact of 
MPC on appetite sensations during weight loss may be 
related to the changes in blood leptin, as reflected by the 
between-group differences in its circulating concentra-
tions. Leptin is a key regulator of appetite, food intake, 
and body weight. Leptin is also an important factor in 
energy homeostasis, metabolism and adiposity [37]. An 
increase in protein intake enhances the CNS leptin sensi-
tivity and results in clinically significant weight loss [38].

The lipid profile, body fat, and WC improvements 
reported in this study could also be justified by the reduc-
tion of leptin and the increase in serum adiponectin lev-
els observed following MPC supplementation. Similar 
findings were reported following a high-dairy diet (three 
servings per day) on fat and WC in obese African-Ameri-
can adults [39]. Weight and fat loss on the high dairy diet 
were 2-fold higher, and loss of lean body mass was mark-
edly reduced compared to the low dairy diet (one serv-
ing per day). In another study, semi-skimmed milk intake 
(1  L/day) for six months significantly reduced visceral 
adipose tissue and liver fat compared to a soft drink with 
a similar energy intake [40]. Josse et al. aimed to deter-
mine how daily exercise (resistance and/or aerobic) and a 
hypo-energy diet varying in protein and calcium content 
from dairy foods would affect the composition of weight 
lost in otherwise healthy, premenopausal, overweight, 
and obese women. Ninety participants were randomized 
to 3 groups (n = 30/group): high protein, high dairy, ade-
quate protein, medium dairy, and adequate protein, low 
dairy differing in the quantity of total dietary protein and 
dairy food-source protein consumed: 30 and 15%, 15 and 
7.5%, or 15 and < 2% of energy, respectively. A weight loss 
diet with higher protein and increased dairy intake com-
pared to one with lower protein and dairy led to more 
favorable body composition changes in women. Simi-
larly, milk intake with enhanced protein content resulted 
in reduced blood glucose and increased postprandial 
satiety more significantly than regular milk [41]. In con-
trast, A large meta-analysis of 27 clinical studies reported 
that dairy consumption had no impact on weight change 
in the long term [42]. However, in some of the studies 
included in this meta-analysis, the participants did not 
receive any diet counselling, and their energy intake was 
not restricted. In some cases, they even had a greater 
energy intake than the control group [43, 44]. Overall, it 
appears that supplementation with milk protein together 
with a weight loss diet is effective in improving lipid pro-
file, body fat, and WC. As mentioned above, Whey pro-
tein has higher amounts of branched chained amino acids 
leucine and isoleucine, glycine, lysine, and cysteine. The 

Table 4  Appetite and biochemical markers at baseline and at 
the end of the intervention
Variables MPC 

group(n = 21)
Control 
group (n = 20)

P val-
ueb, c

Leptin Before 97.05 ± 14.77 a 97.55 ± 18.18 0.923 b

After 81.68 ± 12.93 94.02 ± 16.73 0.014 c

pd < 0.001 0.052
Adiponectin Before 13.32 ± 3.42 12.45 ± 3.27 0.415 b

After 16.66 ± 4.49 13.77 ± 3.77 0.032 c

pd 0.001 0.007
FBS (mg/dl) Before 96.05 ± 10.24 99.80 ± 15.11 0.365 b

After 87.62 ± 8.56 97.90 ± 10.56 < 0.001 c

pd < 0.001 0.352
Insulin (µIU/ml) Before 11.03 ± 4.08 11.51 ± 3.56 0.688 b

After 7.63 ± 3.69 9.88 ± 2.60 0.027 c

pd < 0.001 0.038
HOMA-IR Before 2.43 ± 1.05 2.81 ± 1.01 0.241 b

After 1.81 ± 0.86 2.47 ± 0.088 0.020 c

pd 0.002 0.089
TC (mg/dl) Before 185.84 ± 27.94 188.98 ± 9.35 0.635 b

After 167.98 ± 13.18 174.06 ± 17.63 0.187 c

pd 0.012 < 0.001
LDL-C (mg/dl) Before 112.38 ± 28.96 114.07 ± 15.09 0.818 b

After 91.94 ± 11.90 102.70 ± 17.94 0.025 c

pd < 0.001 0.017
HDL-C (mg/dl) Before 39.42 ± 6.50 38.95 ± 6.25 0.812 b

After 45.90 ± 5.23 39.65 ± 6.24 0.001 c

pd 0.001 0.661
TG(mg/dl) Before 170.12 ± 70.17 179.81 ± 72.47 0.666 b

After 150.63 ± 50.98 158.56 ± 65.52 0.707 c

pd 0.304 0.153
Appetite Before 28.62 ± 4.73 28.80 ± 4.08 0.896 b

After 23.66 ± 2.90 27.05 ± 3.53 0.002 c

pd > 0.001 0.098
MD: mean difference, CI: confidence interval, TC: total cholesterol, LDL-C: low-
density lipoprotein cholesterol,

HDL-C high-density lipoprotein cholesterol, TG triglycerides, FBS fasting blood 
sugar, HOMA-IR homeostasis model assessment for insulin resistance

a Mean (SD). p values of statistical significance (p < 0.05) are presented in bold

b Independent t test for TC, HDL-c, LDL-c, TG, and FBS and Mann-Whitney U for 
insulin, and HOMA-IR

c Analysis of covariance (adjusted for baseline values and changes in intake of 
energy, percent of carbohydrate, protein, total fat, SFA, MUFA, PUFA, and other 
fat and physical activity, and baseline values)

d Paired t test for TC, HDL-c, LDL-c, TG, and FBS and Wilcoxon for insulin, and 
HOMA-IR
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anti-inflammatory properties of glycine have been shown 
in some studies; specifically reduced in Interleukin-6 and 
Tumour necrosis factor α gene expression in addition to 
elevation in adiponectin and Interleukin-10 gene expres-
sion in monocytes and adipose tissue [45–47]. Moreover, 
the production of adiponectin in adipocyte cells can be 
modulated by leucine, as demonstrated [48]. Overall, 
the distinctive amino acid composition of dairy prod-
ucts can regulate the production and gene expression of 
cytokines; but the use of dairy amino acids in studies on 
inflammatory biomarkers is limited.

The findings of this study, however, did not show any 
significant effect of MPC supplementation on fat-free 
mass. Literature suggests that animal proteins, especially 
dairy proteins, could support muscle protein synthesis 
more than plant proteins in the long term [49]. In a meta-
analysis of 23 clinical trials, of which 20 investigated the 
effects of milk proteins, it was shown that protein supple-
mentation positively impacted muscle mass [50]. While 
similar effects were not observed in the current study, it 
should be noted that participants in the current study fol-
lowed a weight loss diet and were asked to maintain their 
physical activity and exercise level. Weight loss generally 
accompanies the loss of muscle mass [51]. Physical activ-
ity and/or exercise are also needed for proteins to exert 
their anabolic effects [52, 53].

The beneficial effect of MPC on reducing FBS and insu-
lin levels observed in this study also aligns with previous 
studies. In a recent study, four servings per day of low-
fat milk and yogurt reduced fasting plasma insulin con-
centrations and improved insulin resistance in healthy 
adults [54]. In a diet-induced obese rat model, whole milk 
supplementation resulted in a better glycaemic control 
and lipid profile than whey or casein supplementation 
separately [18]. Another study reported that intraduo-
denal infusion of MPC significantly improved the effects 
of sitagliptin including glycemic and short-term food 
intake suppression. The results of this study confirm the 
hypothesis that the consumption of dairy protein may be 
useful as a complementary therapy to enhance the glyce-
mic and food intake suppressive effects of GLP-1-based 
pharmacotherapies [55]. The intraintestinal presence 
of specific bioactive components, whole proteins, and 
select amino acids found within MPC is linked with insu-
lin and gut peptide secretions, as well as suppression of 
food intake [35, 56, 57]. However, in another study with 
a lower dose of MPC supplementation (14 g per day), sig-
nificant changes in blood lipids or insulin resistance were 
not reported [58]. This could indicate that MPC’s benefi-
cial effects may be dose-dependent.

To the best of our knowledge, the present study was 
the first to examine the effects of MPC on a wide range 
of anthropometric and metabolic markers in women 
with obesity under a weight loss diet. However, the study 

had some limitations. As mentioned in the methodol-
ogy, dietary intake in this investigation was assessed 
through a 3-day dietary recall. It is well-established that 
underreporting and recall bias is a prevalent phenome-
non, particularly among individuals who are overweight 
or obese. Hence, it is recommended that future studies 
employ three-day dietary records to enhance the preci-
sion of their findings. Only women were included in this 
study which limits the generalisation of findings. To dis-
tinguish the specific effects of the MPC intake versus the 
general increase in protein consumption on weight loss 
outcomes, we recommend adding a study group with the 
same protein amount as in the MPC group but without 
MPC additive in future studies. Also to determine if there 
are any delayed or cumulative effects of dairy consump-
tion on weight change over a longer duration, it is rec-
ommended that future studies extend the duration of 
intervention.

Also, investigating the serum levels of other satiety-
regulating hormones, such as glucagon-like peptide-1 
(GLP-1) could clarify the MPC effects on appetite and 
satiety observed. Analysis of dose-dependent effects was 
not possible due to the limited number of participants. 
Therefore, it is not possible to identify the effective dose 
of MPC supplementation. Also, it is important to note 
that high protein diets may not suit everyone, especially 
in people with chronic kidney disease due to the extra 
load caused by the removal of protein metabolism by-
products (urea). Therefore, high protein diet/supplemen-
tation should be taken under medical advice from health 
professionals.

Conclusions
In conclusion, this study indicates that supplementation 
with 30  g of MPC daily for 8 weeks could significantly 
improve some anthropometric and metabolic markers 
and hormones in dieting women with obesity. This could 
be due to the satiety effects and thermogenesis caused 
by milk proteins and their specific amino acid content. 
In addition, the results of this trial can help women with 
obesity to reduce weight and improve their cardiometa-
bolic health. However, larger controlled trials investigat-
ing the effect of different doses of MPC in both genders, 
analysis of dose-dependent effects, and investigation of 
the serum levels of other satiety-regulating hormones is 
required to clarify the findings of this study.
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