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Background: The risk of developing chronic diseases such as diabetes, cardiovascular disease, dyslipi-
demia, and stroke is increased following an outbreak of metabolic syndrome. Whey protein can play a
major role in preventing metabolic syndrome.
Objective: This study was conducted to systematically evaluate the effect of whey protein on the com-
ponents of metabolic syndrome in overweight and obesity patients.
Methods: This systematic review and meta-analysis was conducted on RCTs (PROSPERO registration
number: CDR42019114794). Published articles of controlled trials between 1 January 2000 to 30 May
2019 indexed in PubMed, Scopus, Web of Science and Cochrane Library were reviewed. Keywords were
Whey Protein, Metabolic Syndrome, HDL Lipoprotein, Blood Pressure, Triglyceride, Fasting Blood Glucose,
Waist Circumference, Overweight and Obesity or a combination of them in the title/abstracts. The mean
difference was extracted for each study. All analyses performed using STATA version 11.
Results: There were 2344 individuals reviewed in this systematic review of 37 published articles.
Conclusion: According to the results, whey supplementation significantly reduced the SBP, DBP, HDL,
waist circumference, TG and FBS in intervention groups in comparing to control groups.

© 2019 Diabetes India. Published by Elsevier Ltd. All rights reserved.
1. Introduction

Obesity is one of the factors threatening the health worldwide
[1]. Metabolic syndrome is consisted of some symptoms including
high fasting blood glucose, triglyceride levels, hypertension, low
HDL and abdominal obesity [2,3]. Metabolic syndrome is increasing
in many developed and developing countries, especially Iran [4,5].
The risk of developing chronic diseases such as diabetes, cardio-
vascular disease, dyslipidemia, and stroke is increased following an
outbreak of metabolic syndrome [6]. There are many effective
factors in the development of metabolic syndrome such as age,
race, weight, smoking, low income, diet, physical activity, and
occupation [7]. Various studies have shown that stressful jobs such
as the army forces are prone to metabolic syndrome. According to
andi), Parastouei@gmail.com

ier Ltd. All rights reserved.
studies conducted in various countries, including China and Brazil,
it has been shown that the prevalence of metabolic syndrome in
military personnel is higher than civilians [8,9]. One of the
controllable factors in the development of metabolic syndrome is
healthy diet. Milk and dairy products are rich regarding protein,
calcium, phosphorus, potassium and magnesium [10]. Milk pro-
teins are comprised of essential amino acids including branched-
chain amino acids [11]. It has been shown in various studies that
milk proteins reduce blood lipids, blood pressure and weight to
prevent metabolic syndrome [12,13]. A meta-analysis study, con-
ducted in 2018 in the United States, entitled “Milk protein sup-
plement effect on cardiovascular risk factors,” showed that this
protein decreases bodyweight, body fat mass, and some risk factors
for heart disease such as hypertension, HDL and total cholesterol
[14]. Some studies have shown that milk and dairy products asso-
ciate with reduced risk of cardiovascular disease, type II diabetes
and hypertension, and dairy products have beneficial effects on
cholesterol, HDL, triglyceride, hypertension, fasting glucose levels

mailto:msepandi@bmsu.ac.ir
mailto:Parastouei@gmail.com
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and abdominal obesity [15]. In a study by Yuna et al., it has been
revealed that whey protein reduces triglyceride concentrations in
patients with metabolic syndrome and improves other cardiovas-
cular risk factors [16]. In a study by Cavass et al. it has been shown
that whey protein decreases triglyceride, but it has no significant
effect on LDL-C [17].

Given the high prevalence of metabolic syndrome in themilitary
personnel and its cost effectiveness, effective interventions are
needed to control complications and improve their quality of life.
On the other hand, previous studies have less systematically eval-
uated the effects of this protein in patients with metabolic syn-
drome by now, and also the effects of this protein on patients have
also been shown to be controversial indicating that a comprehen-
sive systematic study is needed in this regard. Therefore, this study
was conducted as a systematic review to evaluate the effect of whey
protein on the components of metabolic syndrome in overweight
and obesity patients.

2. Methods and materials

This systematic review andmeta-analysis was done according to
the guidelines of the Preferred Reporting Items for Systematic Re-
views and Meta-Analysis (PRISMA) statement. It was registered in
PROSPERO (# CDR42019114794).

2.1. Search strategy

Two authors independently reviewed published studies indexed
in PubMed, Scopus, Web of Science and Cochrane Central Register
of Controlled Trials (CENTRAL). The following main search terms
were used: whey protein, metabolic syndrome, HDL lipoprotein,
blood pressure, triglyceride, fasting blood glucose, waist circum-
SDE;change ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
SD2

E;baselineþSD2
E;final �

�
2� Corr� SDE;baseline � SDE;final

�r
;

ference, overweight and obesity. The full search terms were
attached in Appendix(A).
2.2. Inclusion and exclusion criteria

Studies were selected in this meta-analysis if (a) study designs
were RCTs; (b) whey protein isolate, concentrate, extract, supple-
ment, powder and hydrolysate were the intervention; (c) partici-
pants were aged 18 years older and were overweight or obese; (d)
the study had intervention for at least 2 weeks; (e) the study had a
comparable placebo or control group; (f) the study assessed the
outcomes of HDL lipoprotein, systolic blood pressure (SBP), dia-
stolic blood pressure (DBP), triglyceride, fasting blood glucose and
waist circumference.
2.3. Data extraction

The two researchers independently studied the papers. The
names of the authors, the names of the journals and their results
were not hidden by these researchers. In cases, there was a con-
troversy between the researchers, it was decided through negoti-
ation or with the guidance of a third person (observer). After
selecting the studies, the required variables such as type of study,
sample size, the number of overweight and obese people, and the
demographic characteristics of the participants, the time and place
of the study, the type and dose of whey proteinwere independently
extracted from the studies. Non-English language studies were
translated by relevant language specialists, and then the data were
extracted.

2.4. Assessment of quality

The quality assessment of each study was done by authors using
the Cochrane Collaboration’s tool for assessing risk of bias in ran-
domized trials, of which each component was categorized as hav-
ing high, low, or unclear risk of bias (components were random
sequence generation, blinding, allocation concealment, incomplete
outcome data, and selective outcome reporting and other source of
bias).

2.5. Statistical analysis

The mean differences between the baseline and final value of
understudy factors were extracted from the studies.

2.6. Calculation standard deviations for changes from the baseline

For calculation SD changes from the baseline the correlation
coefficient in the experimental and control group was calculated as
follows:

CorrE ¼
SD2

E;base line þ SD2
E;final � SD2

E;Change

2� SDE;base line � SDE;final

The SD changes from the baseline calculated using the correla-
tion coefficient in each group as follow:
To asses of the heterogeneity between the studies, the chi-
square c2 test with P-value less than 0.05 and I2 were used. the
significant P Value and higher amount of I2 refer to the presence of
the heterogeneity. Due to the presence of heterogeneity between
the studies the random-effects model with inverse variance het-
erogeneity was used to calculate the pooled effect size. The Begg’s
and Egger’s regression tests were used to assessing the publication
bias. Also to identify the source of heterogeneity between the
studies the meta-regression analysis was conducted. The signifi-
cant level for Begg’s and Egger’s regression test was P < 0.1 and for
other tests the P < 0.05 was considered as a significant level. All
analyses conducted using STATA software version 11.0 (StataCorp,
College Station, TX).
3. Results

The total founded records in the first search were about 13461
documents. About 10392 of mentioned records excluded due to
observational or other types of studies, different study groups, and
different intervention or outcomes. Finally, 37 articles entered to
final analysis after quality assessments. (see Table 1 and Fig. 1).



Table 1
Summary of the intervention and results of the included randomized controlled trials.

Study Follow-
up

Participants Whey Protein Group Control Group Results

Form of
Whey
Protein

Dosage
of
Whey
Protein
(g/d)

Energy Other Form of None
Whey Protein
Supplement

Dosage
of Non
e

Whey
Protein
(g/d)

Energy

Aldrich NO,et
[18]
al(2011)

20
week

N ¼ 18
Age:49.2 ± 1.6
BMI (kg/
m2):30.6 ± .6
Sex(m): male
and female

powder 56 6699 kj
per day

Placebo and protein whey and mix 0 6699 kj
per day

In the whey protein group, blood
pressure dropped

Verreijen A
et al.
[19](2017)

10week N ¼ 100
Age:62.4 ± 5.4
BMI (kg/
m2):32.2 ± 4.3
Sex(m): male
and female

supplement 1.3 g/kg
body
mass
per day

No
restricted
calories

control diet, exercise and exercise
and whey

1.3 g/kg
body
mass
per day

No
restricted
calories

The components of metabolic
syndrome in the intervention group
did not change significantly

Arciero
P.et al.
[20](2016)

16
week

N ¼ 30
Age:50 ± 2.5
BMI (kg/
m2):32.5 ± 1.5
Sex(m): male
and female

supplement 25 No
restricted
calories

Food protein 25 No
restricted
calories

In both groups, systolic and fasting
blood glucose was similarly reduced

Beavers K
et al.
[21](2015)

12
week

N ¼ 24
Age:68.4 ± 5.5
BMI (kg/
m2):36 ± 6
Sex(m): female

powder 3 1100 kj
per day

Soy protein 9 1100 kj
per day

Diastolic blood pressure improved in
the whey protein group

Bell K et al.
[22](2017)

19
week

N ¼ 49
Age:73 ± 1
BMI (kg/
m2):28.5 ± 1.5
Sex(m): male
and female

supplement 30 2146 kj
per day

Placebo 22 2336 kj
per day

The metabolic syndrome factors
measured in this study, including
triglyceride, HDL and waist
circumference, did not significantly
improve.

Berthold H
et al.
[23](2011)

12
week

N ¼ 131
Age:55 ± 10
BMI (kg/m2):35
Sex(m): male
and female

supplement 30 No
restricted
calories

Placebo 30 No
restricted
calories

Triglyceride decreased in people who
received the whey protein

Bohl M et al.
[24](2016)

12
week

N ¼ 25
Age:56.7
BMI (kg/
m2):28.8
Sex(m): female

powder 60 No
restricted
calories

casein 60 No
restricted
calories

In both groups, none of the
components of metabolic syndrome
was improved

DeNysschen
C aet al.
[25](2009)

12week N ¼ 19
Age:28.6 ± .63
BMI (kg/
m2):27.5
Sex(m): male
and female

supplement 36.5 No
restricted
calories

Soy and placebo 36.5 No
restricted
calories

HDL and triglyceride did not change
significantly in the three groups
studied

Fekete A et al.
[26](2016)

8week N ¼ 26
Age:52.9 ± 2.1
BMI (kg/
m2):27.1 ± .8
Sex(m): male
and female

isolate 56 No
restricted
calories

Placebo and calcium caseinat 56 No
restricted
calories

The risk of lipid factors including
triglyceride and blood pressure
decreased significantly in the
intervention group

Fernandes R
et al.
[27](2018)

26
week

N ¼ 32
Age:67.5 ± 4.05
BMI (kg/
m2):25.65 ± 2.65
Sex(m): male
and female

supplement 35 No
restricted
calories

placebo 35 No
restricted
calories

Both HDL and triglyceride were
recovered in both groups

Figueroa A
et al.
[28](2010)

4 week N ¼ 22
Age:28 ± 1
BMI (kg/
m2):34.3 ± 1.4
Sex(m): male
and female

supplement 30 No
restricted
calories

Casein and carbohydrate 30 No
restricted
calories

Systolic blood pressure dropped in
those who received the whey protein

Fluegel S
et al.
[29](2010)

12
week

N ¼ 71
Age:42.8 ± 1.15
BMI (kg/
m2):35.55 ± .7

hydrolyze 28 No
restricted
calories

Whey protein 28 No
restricted
calories

In the intervention group, systolic
blood pressure improved

(continued on next page)
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Table 1 (continued )

Study Follow-
up

Participants Whey Protein Group Control Group Results

Form of
Whey
Protein

Dosage
of
Whey
Protein
(g/d)

Energy Other Form of None
Whey Protein
Supplement

Dosage
of Non
e

Whey
Protein
(g/d)

Energy

Sex(m): male
and female

Gouni-
Berthold I
et al.
[16](2012)

12week N ¼ 180
Age:53.4 ± 9.9
BMI (kg/
m2):31.05 ± 4.1
Sex(m): male
and female

hydrolyze 15.3 No
restricted
calories

placebo 14.7 No
restricted
calories

Fasting triglyceride concentration
decreased significantly in the
intervention group

Gryson C
et al.
[30](2014)

16
week

N ¼ 19
Age:60.75 ± .4
BMI (kg/
m2):26.75 ± 1.2
Sex(m): male
and female

Supplement 10 No
restricted
calories

trained group with placebo drink
containing 4 g of total milk protein
and untrained group with placebo
drink containing 4 g of total milk
protein

4 No
restricted
calories

The components of metabolic
syndrome measured in this study did
not change significantly

Gulati S et al.
[31](2017)

12
week

N ¼ 122
Age:37.5
BMI (kg/
m2):30.4 ± 3.5
Sex(m): male
and female

isolate 100.2 2092 kj
per day

Control diet 44.8 2092 kj
per day

In the intervention group,
components of metabolic syndrome
including waist circumference, blood
pressure and triglycerides were
significantly reduced

Hodgson J
et al.
[32](2011)

96
week

N ¼ 104
Age:74.3 ± 2.6
BMI (kg/
m2):26.75 ± 3.85
Sex(m): female

isolate 30 No
restricted
calories

placebo 2 No
restricted
calories

It has been shown in this study that
whey protein has no effect on blood
pressure over the long term

Kemmler W
et al.
[33](2018)

16
week

N ¼ 100
Age:77.6
BMI (kg/
m2):26.05
Sex(m): male

supplement 1.7 g/kg
body
mass
per day

No
restricted
calories

Placebo and high intensity training 1.7 g/kg
body
mass
per day

No
restricted
calories

In the group where the milk protein
was taken with whole-body
electromyostimulation, the waist
circumference was reduced

Kemmler W
et al.
[34](2015)

22
week

N ¼ 118
Age:42.9 ± 5.62
BMI (kg/m2):
Sex(m): male
and female

supplement 1.5 g/kg
body
mass
per day

No
restricted
calories

Placebo and more time consuming
high volume training and high
intensity training

1.5 g/kg
body
mass
per day

No
restricted
calories

The metabolic syndrome factors
studied were improved

Keogh B et al.
[35](2008)

36
week

N ¼ 72
Age:50.3 ± 12.4
BMI (kg/
m2):34.4 ± 3.7
Sex(m): male
and female

isolate 15 No
restricted
calories

skim milk powder 15 No
restricted
calories

The risk factors for metabolic
syndrome in the intervention group
improved

Kinsey A et al.
[36](2014)

2 week N ¼ 44
Age:28.7 ± 6.76
BMI (kg/
m2):35.53 ± 6.4
Sex(m): female

supplement 30 No
restricted
calories

Carbohydrate and casein 30 No
restricted
calories

In the short-term intervention, there
was no effect on the components of
the metabolic syndrome

Kjolbaek L
et al.
[37](2019)

32
week

N ¼ 86
Age:39
BMI (kg/m2):
33.2 ± 3.31
Sex(m): male
and female

supplement 48 No
restricted
calories

Soy protein and Whey and calcium
and placebo

48 No
restricted
calories

The metabolic syndrome
components studied had no
significant effect after intervention

Larsen A et al.
[38](2018)

4 week N ¼ 29
Age:
BMI (kg/m2):35
Sex(m): male
and female

supplement 110 895 kj per
day

placebo 110 2906 kj
per day

The components of the metabolic
syndrome of the intervention group
have improved compared to control

Lee Y et al.
[39](2006)

12week N ¼ 53
Age:51.55 ± 11
BMI (kg/
m2):27.85 ± 4.1
Sex(m): male
and female

powder 2.6 No
restricted
calories

placebo .2 No
restricted
calories

whey protein had no significant
effect on blood pressure

Matsuoka R
et al.
[40](2017)

12
week

N ¼ 37
Age:
BMI (kg/
m2):27.5 ± .7
Sex(m): male
and female

powder 8 No
restricted
calories

lactic fermented egg white 8 No
restricted
calories

In the intervention group, the
components studied did not improve
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Table 1 (continued )

Study Follow-
up

Participants Whey Protein Group Control Group Results

Form of
Whey
Protein

Dosage
of
Whey
Protein
(g/d)

Energy Other Form of None
Whey Protein
Supplement

Dosage
of Non
e

Whey
Protein
(g/d)

Energy

Mohammadi-
Sartang M
et al.
[41](2018)

10
week

N ¼ 87
Age:45.5 ± 8.8
BMI (kg/
m2):30.45 ± 2.4
Sex(m): male
and female

powder 30 No
restricted
calories

Law fat conventional yogurt 20 No
restricted
calories

In the intervention group, the
components of the study were
recovered from metabolic syndrome

Hellen C et al.
[42](2019)

16
week

N ¼ 30
Age:68.8 ± 4.3
BMI (kg/
m2):27 ± 4.25
Sex(m): female

supplement 35 No
restricted
calories

placebo 35 No
restricted
calories

In the intervention group, waist
circumference was improved as one
of the components of metabolic
syndrome

Michael j
et al.
[43](2014)

4 week N ¼ 27
Age:29 ± 1.8
BMI (kg/
m2):34.66 ± 1.93
Sex(m): female

isolate 30 No
restricted
calories

Carbohydrate and casein 30 No
restricted
calories

In the intervention group, all
components of the metabolic
syndrome recovered only waist
circumference

Padhi E et al.
[44](2015)

6 week N ¼ 243
Age:55 ± 8.8
BMI (kg/
m2):28 ± 4.6
Sex(m): male
and female

isolate 25 No
restricted
calories

High dose soy and low dose soy 25 No
restricted
calories

whey protein supplement did not
affect the components of the
metabolic syndrome

Pal S et al.
[45](2009)

12
week

N ¼ 45
Age:48.3 ± 1.86
BMI (kg/
m2):31.3 ± 8.5
Sex(m): male
and female

supplement 54 No
restricted
calories

casein 54 No
restricted
calories

Blood pressure improved in people
who received the whey protein

Pal S et al.
[46](2010)

12
week

N ¼ 89
Age: 48.3 ± 1.86
BMI (kg/m2):
31.3 ± 8.5
Sex(m): male
and female

supplement 54 No
restricted
calories

Casein and placebo 54 No
restricted
calories

Lipid factors, including triglyceride,
have been improved in whey
supplement recipients

Petyaev I
et al.
[47](2012)

4 week N ¼ 20
Age:54.85 ± 4.38
BMI (kg/
m2):27.05 ± 3.75
Sex(m): male
and female

isolate 0.7 No
restricted
calories

Glucose and lycopene 0.07 No
restricted
calories

The components of metabolic
syndrome did not recover
significantly in the recipients of whey
protein supplementation

Piccolo B
et al.
[48](2014)

8 week N ¼ 25
Age:
BMI (kg/
m2):36.45 ± 0.98
Sex(m): male
and female

supplement 10 No
restricted
calories

Gelatin 10 No
restricted
calories

In the recipients of whey protein
supplementation, the components of
metabolic syndrome did not recover
significantly

Pins J et al.
[49](2006)

6 week N ¼ 60
Age:46.1 ± 13.65
BMI (kg/
m2):28.95 ± 4.5
Sex(m): male
and female

supplement 4 No
restricted
calories

placebo 4 No
restricted
calories

Blood pressure decreased in
intervention group

Reimer A
et al.
[50](2017)

12
week

N ¼ 96
Age:39.9 ± 13.45
BMI (kg/
m2):31.52 ± 5.5
Sex(m): male
and female

supplement 5 No
restricted
calories

Placebo and insulin-type fructans
and insulin-type fructans and whey

5 No
restricted
calories

The components of the metabolic
syndrome were not significantly
altered

Vatani D et al.
[51](2012)

6 week N ¼ 19
Age:23.4 ± 3.6
BMI (kg/
m2):26.86 ± 1.9
Sex(m): male
and female

isolate 30 No
restricted
calories

resistant exercise þ placebo and
placebo

30 No
restricted
calories

In the intervention group, HDL and
triglyceride were significantly
improved

Tahavorgar A
et al.
[52](2015)

12week N ¼ 45
Age:39.1 ± 7.85
BMI (kg/
m2):32.1 ± 2.95

concentrate 65 No
restricted
calories

soy 65 No
restricted
calories

In the intervention group,
components of metabolic syndrome
were improved

(continued on next page)
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Table 1 (continued )

Study Follow-
up

Participants Whey Protein Group Control Group Results

Form of
Whey
Protein

Dosage
of
Whey
Protein
(g/d)

Energy Other Form of None
Whey Protein
Supplement

Dosage
of Non
e

Whey
Protein
(g/d)

Energy

Sex(m): male
and female

Tovar J et al.
[53](2015)

8 week N ¼ 47
Age:
BMI (kg/
m2):25 ± 02
Sex(m): male
and female

powder 4.3 No
restricted
calories

Control diet 0 No
restricted
calories

In the intervention group, lipid
factors such as triglyceride and
systolic blood pressure improved
significantly
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3.1. Effect of whey protein on components of metabolic syndrome
(see Table 2 and Fig. 2)

1. Systolic blood pressure (SBP)

According to pooled estimation results that whey supplemen-
tation significantly reduced the SBP in intervention groups in
comparing to control groups (�7.46, 95% CI: 9.39,-6.13; P ¼
<0.001).in term of heterogeneity about this parameter there was
significant heterogeneity between different studies (I2:99.6%,
Pheterogeneity:<0.001).

3.1.1. Meta-regression
To identify the cause of different factors on heterogeneity be-

tween studies the variables like as years of study, mean Age of
Fig. 1. Summary of search strategy and selection pr
participants, used dose of Protein Whey, and mean of BMI were
assessed. The effect of year of Study (P: 0.65), age of participants (P:
0.47), duration of follow up (P: 0.28), mean of BMI (P: 0.09) and
used dose of Whey protein (P: 0.05) on heterogeneity between
studies not statistically significant.

2. Diastolic Blood Pressure(DBP)

According to pooled estimation results that whey supplemen-
tation significantly reduced the DBP in intervention groups in
comparing to control groups (�5.68, 95% CI: 6.69,-4.67; P ¼
<0.001).in term of heterogeneity about this parameter there was
significant heterogeneity between different studies (I2:98.9%,
Pheterogeneity:<0.001).
ocess based on included and excluded studies.



Fig. 2. The forest plot of Effect of Whey protein on Components of Metabolic Syndrome.
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Table 2
The result of Effect of Whey protein on Components of Metabolic Syndrome.

Factor n Sample
size

WMDa (95% CI) P-
value

Pheterogeneity I2 (%)

SBP �7.46(-9.39,-6.13) <001 <001 99.6
DBP �5.68(-6.69,-4.67) <001 <001 98.9
HDL �6.07(-

7.53, �4.61)
<001 <001 100.0

Waist
circumference

�2.76(-
3.83, �1.69)

<001 <001 100.0

TG �18.9(-22.49,-
15.30)

<001 <001 100.0

FBS �1.42(-
1.52, �1.31)

<001 <001 100.0

a Weighted mean difference.
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3.1.2. Meta-regression
To identify the cause of different factors on heterogeneity be-

tween studies the variables like as years of study, mean Age of
participants, used dose of Protein Whey, and mean of BMI were
assessed. The effect of year of Study (P: 0.76), age of participants (P:
0.51), duration of follow up(P:0.89) on heterogeneity between
studies not statistically significant. But the mean of BMI (P: 0.02)
and the used dose of Whey protein (P:0.02) in studies have a sig-
nificant effect on heterogeneity between studies.

3. HDL

According to pooled estimation results that whey supplemen-
tation significantly reduced the HDL in intervention groups in
comparing to control groups (�6.07, 95% CI: 7.53,-4.61; P ¼
<0.001).in term of heterogeneity about this parameter there was
significant heterogeneity between different studies (I2:100.0%,
Pheterogeneity:<0.001).

3.1.3. Meta-regression
To identify the cause of different factors on heterogeneity be-

tween studies the variables like as years of study, mean Age of
participants, used dose of Protein Whey, and mean of BMI were
assessed. The effect of year of Study (P: 0.35), age of participants (P:
0.47), duration of follow up (P:0.27), mean of BMI (P:0.91) and used
dose of Whey protein(P: 0.76) on heterogeneity between studies
not statistically significant.

4. Waist circumference

According to pooled estimation results that whey supplemen-
tation significantly reduced the HDL in intervention groups in
comparing to control groups (�2.76, 95% CI: 3.83,-1.69; P ¼
<0.001).in term of heterogeneity about this parameter there was
significant heterogeneity between different studies (I2:100.0%,
Pheterogeneity:<0.001).

3.1.4. Meta-regression
To identify the cause of different factors on heterogeneity be-

tween studies the variables like as years of study, mean Age of
participants, used dose of Protein Whey, and mean of BMI were
assessed. The effect of year of Study (P: 0.59), age of participants (P:
0.48), duration of follow up(P(0.36), mean of BMI (0.30) and used
dose of Whey protein(P: 0.25) on heterogeneity between studies
not statistically significant.

5. Triglyceride (TG)

According to pooled estimation results that whey
supplementation significantly reduced the HDL in intervention
groups in comparing to control groups (�18.19, 95% CI: 22.49,-
15.30; P ¼ <0.001).in term of heterogeneity about this parameter
there was significant heterogeneity between different studies
(I2:100.0%, Pheterogeneity:<0.001).

3.1.5. Meta-regression
To identify the cause of different factors on heterogeneity be-

tween studies the variables like as years of study, mean Age of
participants, used dose of Protein Whey, and mean of BMI were
assessed. The effect of year of Study (P: 0.13), age of participants (P:
0.98), duration of follow up(P:0.28), mean of BMI (P:0.07) and used
dose of Whey protein(P: 0.23) on heterogeneity between studies
not statistically significant.

6. Fasting blood sugar(FBS)

According to pooled estimation results that whey supplemen-
tation significantly reduced the HDL in intervention groups in
comparing to control groups (�1.42, 95% CI: 1.52,-1.31; P ¼
<0.001).in term of heterogeneity about this parameter there was
significant heterogeneity between different studies (I2:100.0%,
Pheterogeneity:<0.001).

3.1.6. Meta-regression
To identify the cause of different factors on heterogeneity be-

tween studies the variables like as years of study, mean Age of
participants, used dose of Protein Whey, and mean of BMI were
assessed. The effect of year of Study (P: 0.19), age of participants (P:
0.84), duration of follow up (P: 0.33), mean of BMI (P: 0.81) on
heterogeneity between studies not statistically significant. But the
effect of the used dose of Whey protein on heterogeneity was
statistical significant (P: 0.0.4).

3.1.7. Publication bias
According to results of Begg’s test there was publication bias in

some factors (0.34,0.03,0.01,0.07,0.001,0.15) But according to
Egger’s test, there was no evidence of publication bias (0.31, 0.37,
0.51, 0.23, 0.83,0.64) about understudy subject.

4. Discussion

Metabolic syndrome is increasing in many developed and
developing countries, especially in Iran [54]. Groening et al. re-
ported the prevalence of metabolic syndrome 15% to 63% in Euro-
pean countries and 12.1% to 31.1% in Asian countries [55]. According
to global statistics, one-fourth of the adult populations in the
United States suffer from metabolic syndrome [5]. Studies in
different provinces of Iran have reported that the prevalence of
metabolic syndrome is 21.9%e31.1% [5,56]. This study was carried
out on the effect of whey protein on the components of metabolic
syndrome in overweight and obesity patients. According to the
results, whey supplementation significantly reduced metabolic
syndrome’s components including SBP, DBP, HDL, waist circum-
ference, TG and FBS in intervention groups in comparing to control
groups. Totally results showed effective role of whey protein on
metabolic syndrome. Albeit some studies in our review were
inconsistent with the pooled results of this systematic review e.g.
Verreijen A et al., in 2017, Gryson C et al., in 2014, Padhi E et al., in
2015, Petyaev I et al., in 2012, Piccolo B et al., in 2014 and Reimer A
et al., in 2017 revealed that the components of metabolic syndrome
in the intervention group did not change significantly.

Wirunsawanya et al., in 2017 conducted a study to investigate
the effect of whey protein supplementation on the physical and risk
factors of cardiovascular disease in overweight and obese
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individuals. This study was conducted by searching the Medline,
Embase, Cochrane Central databases by 2015 on the human who
used the whey supplement. In this study, a total of eight clinical
trials were selected for a period of intervention of at least two
weeks and a total of 439 subjects. Parameters included HDL, LDL,
GLUCOSE, total cholesterol, triglyceride, and body composition. The
results of this study showed that HDL, cholesterol and glucose
decreased with consumption of whey protein [14]. This study had
significant results just in HDL, cholesterol and glucose. In this re-
gard, there were some studied consistent with the mentioned re-
sults e.g. Pal et al. conducted a study in 2008 for examining the
effects of whey protein on cardio-metabolic risk factors. This article,
by searching the Pubmed database, published studies between
1970 and 2012 examined the effect of whey protein on the treat-
ment of metabolic syndrome. In this study, proteinwas studied as a
beverage, food additive, powder and isolate. The results of the
study showed that whey proteins improves the level of blood
glucose, insulin response and lipid profiles [57].

Zhang et al., in 2016 conducted a study to investigate the effects
of whey protein on lipid profiles. In this study, a total of 13 clinical
trials that intervened for at least four weeks were studied. The
parameters studied were LDL, HDL, cholesterol and triglyceride.
Protein was isolated as food additive and supplements with doses
ranging from 0.6 to 51 g/day for 4e48 weeks. The results of the
study showed that the concentration of triglyceride decreased,
while the concentration of cholesterol, LDL, and HDL had no sig-
nificant effect [58]. Some studies were consistent with the results of
Pal et al. e.g. Berthold H et al., in 2011 indicated that triglyceride
decreased in people who received the whey protein. Gouni-
Berthold et al., in 2012 indicated that fasting triglyceride concen-
tration decreased significantly in the intervention group.

Tovar J et al., in 2015 showed that in the intervention group, lipid
factors such as triglyceride improved significantly or Vatani D in
2012 confirmed the reductive effect of whey protein on HDL and
triglyceride. These results were approved by Fekete A et al., in 2016
and Gulati S et al., in 2017. But some studies were not consistent as
well such as Bell K et al., in 2017 showed that triglyceride, HDL and
waist circumference did not significantly improve. Also, in the
study of DeNysschen C et al., in 2009, HDL and triglyceride did not
change significantly in the three groups studied. In the study of
Fernandes R et al., in 2018, both HDL and triglyceride were recov-
ered in the both groups without significant difference. In a study by
Wright et al., in 2015, on the possible effects of whey protein on
glucose tolerance and insulin response in overweight and obese
individuals, blood glucose parameters, insulin response were
evaluated. After 36 weeks of intervention, it has been shown that
there is no relationship between the uses of protein supplemen-
tation with hemostatic glucose, including fasting blood glucose
[59].

Tahavorgar et al., in 2015 performed a study to compare the
effects of whey protein with soy protein in a number of cardio-
vascular risk factors. In this study, a 26-membered group of protein
drinkers and a 19-member soy drink group consumed 30 min
before meals. After 12 weeks of intervention, it was shown that in
the group that consumed whey protein, blood pressure, LDL and
HDL had a significant decrease compared to the other group [52].
These results were consistent with our systematic and meta-
analysis. Regarding blood pressure, there are some studies with
the same results e.g. Tovar J et al., in 2015 showed that in the
intervention group, systolic blood pressure improved significantly
consistent with the studies of Pins J et al., in 2006, Gulati S et al., in
2017, Fluegel S et al., in 2010, Fekete A et al., in 2016 and Pal S et al.,
2009. But Lee Y et al., in 2006 and Hodgson J et al., in 2011 showed
the opposite results indicating increasing effect of whey protein on
blood pressure.
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Appendix A

PubMed:

(“Whey Protein” OR (Protein AND Whey)) AND (“Metabolic
Syndrome” OR (Syndrome AND Metabolic) OR “Metabolic Syn-
drome X00 OR “Insulin Resistance Syndrome X00 OR (“Syndrome X00

AND Metabolic) OR (“Syndrome X00 AND “Insulin Resistance”) OR
“Metabolic X Syndrome” OR (Syndrome AND Metabolic) OR (“X
Syndrome” AND Metabolic) OR “Dysmetabolic Syndrome X” OR
(“Syndrome X00 AND Dysmetabolic) OR “Reaven Syndrome X00 OR
(“Syndrome X00 AND Reaven) OR “Metabolic Cardiovascular Syn-
drome” OR (“Cardiovascular Syndrome” AND Metabolic) OR (Syn-
drome AND “Metabolic Cardiovascular”) OR “HDL Lipoprotein” OR
“Heavy Lipoprotein” OR (Lipoprotein AND Heavy) OR “High Density
Lipoprotein” OR (Lipoprotein AND “High Density”) OR “HDL” OR
“HDL-c” OR “HDL cholesterol” OR cholesterol OR hypertension OR
(“Blood Pressure” AND High) OR “High Blood Pressure” OR Tri-
glyceride OR “TG” OR Triacylglycerol OR “Fasting Blood Sugar” OR
“Fasting Blood glucose” OR (Sugar AND Blood) OR (Glucose AND
Blood) OR “FBS” OR (Circumference AND Waist) OR “Waist
Circumference” OR “WC”)

Scopus:

(ALL(“Whey Protein”) OR (ALL(Protein) AND ALL(Whey))) AND
(TITLE-ABS(“Metabolic Syndrome”) OR (TITLE-ABS(Syndrome)
AND TITLE-ABS(Metabolic)) OR ALL(“Metabolic Syndrome X”) OR
ALL(“Insulin Resistance Syndrome X00) OR (ALL(“Syndrome X00) AND
ALL(Metabolic)) OR (ALL(“Syndrome X00) AND ALL(“Insulin Resis-
tance”)) OR ALL(“Metabolic X Syndrome”) OR (ALL(Syndrome) AND
ALL(Metabolic)) OR (ALL(“X Syndrome”) AND ALL(Metabolic)) OR
ALL(“Dysmetabolic Syndrome X”) OR (ALL(“Syndrome X00) AND
ALL(Dysmetabolic)) OR ALL(“Reaven Syndrome X00) OR (ALL(“Syn-
drome X00) AND ALL(Reaven)) OR ALL(“Metabolic Cardiovascular
Syndrome”) OR (ALL(“Cardiovascular Syndrome”) AND ALL(Meta-
bolic)) OR (ALL(Syndrome) AND ALL(“Metabolic Cardiovascular”))
OR ALL(“HDL Lipoprotein”) OR ALL(“Heavy Lipoprotein”) OR
(ALL(Lipoprotein) AND ALL(Heavy)) OR ALL(“High Density Lipo-
protein”) OR (TITLE-ABS(Lipoprotein) AND TITLE-ABS(“High Den-
sity”)) OR ALL(“HDL”) OR ALL(“HDL-c”) OR ALL(“HDL cholesterol”)
OR TITLE-ABS(cholesterol) OR ALL(hypertension) OR (ALL(“Blood
Pressure”) AND ALL(High)) OR ALL(“High Blood Pressure”) OR
TITLE-ABS(Triglyceride) OR ALL(“TG”) OR ALL(Triacylglycerol) OR
ALL(“Fasting Blood Sugar”) OR ALL(“Fasting Blood glucose”) OR
(ALL(Sugar) AND ALL(Blood)) OR (ALL(Glucose) AND ALL(Blood))
OR ALL(“FBS”) OR (TITLE-ABS(Circumference) AND TITLE-
ABS(Waist)) OR ALL(“Waist Circumference”) OR ALL(“WC”))

Web of Science:

(TS¼(“Whey Protein”) OR (TS¼(Protein) AND TS¼(Whey))) AND
(TS¼(“Metabolic Syndrome”) OR (TS¼(Syndrome) AND TS¼(Me-
tabolic)) OR TS¼(“Metabolic Syndrome X”) OR TS¼(“Insulin Resis-
tance Syndrome X00) OR (TS¼(“Syndrome X00) AND TS¼(Metabolic))
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OR (TS¼(“Syndrome X00) AND TS¼(“Insulin Resistance”)) OR
TS¼(“Metabolic X Syndrome”) OR (TS¼(Syndrome) AND TS¼(Me-
tabolic)) OR (TS¼(“X Syndrome”) AND TS¼(Metabolic)) OR
TS¼(“Dysmetabolic Syndrome X”) OR (TS¼(“Syndrome X00) AND
TS¼(Dysmetabolic)) OR TS¼(“Reaven Syndrome X00) OR
(TS¼(“Syndrome X00) AND TS¼(Reaven)) OR TS¼(“Metabolic Car-
diovascular Syndrome”) OR (TS¼(“Cardiovascular Syndrome”) AND
TS¼(Metabolic)) OR (TS¼(Syndrome) AND TS¼(“Metabolic Car-
diovascular”)) OR TS¼(“HDL Lipoprotein”) OR TS¼(“Heavy Lipo-
protein”) OR (TS¼(Lipoprotein) AND TS¼(Heavy)) OR TS¼(“High
Density Lipoprotein”) OR (TS¼(Lipoprotein) AND TS¼(“High Den-
sity”)) OR TS¼(“HDL”) OR TS¼(“HDL-c”) OR TS¼(“HDL cholesterol”)
OR TS¼(cholesterol) OR TS¼(hypertension) OR (TS¼(“Blood Pres-
sure”) AND TS¼(High)) OR TS¼(“High Blood Pressure”) OR
TS¼(Triglyceride) OR TS¼(“TG”) OR TS¼(Triacylglycerol) OR
TS¼(“Fasting Blood Sugar”) OR TS¼(“Fasting Blood glucose”) OR
(TS¼(Sugar) AND TS¼(Blood)) OR (TS¼(Glucose) AND TS¼(Blood))
OR TS¼(“FBS”) OR (TS¼(Circumference) AND TS¼(Waist)) OR
TS¼(“Waist Circumference”) OR TS¼(“WC”))

Cochrane:

(“Whey Protein” OR (Protein AND Whey)) AND (“Metabolic
Syndrome” OR (Syndrome AND Metabolic) OR “Metabolic Syn-
drome X” OR “Insulin Resistance Syndrome X00 OR (“Syndrome X00

AND Metabolic) OR (“Syndrome X00 AND “Insulin Resistance”) OR
“Metabolic X Syndrome” OR (Syndrome AND Metabolic) OR (“X
Syndrome” AND Metabolic) OR “Dysmetabolic Syndrome X” OR
(“Syndrome X00 AND Dysmetabolic) OR “Reaven Syndrome X00 OR
(“Syndrome X00 AND Reaven) OR “Metabolic Cardiovascular Syn-
drome” OR (“Cardiovascular Syndrome” AND Metabolic) OR (Syn-
drome AND “Metabolic Cardiovascular”) OR “HDL Lipoprotein” OR
“Heavy Lipoprotein” OR (Lipoprotein AND Heavy) OR “High Density
Lipoprotein” OR (Lipoprotein AND “High Density”) OR “HDL” OR
“HDL-c” OR “HDL cholesterol” OR cholesterol OR hypertension OR
(“Blood Pressure” AND High) OR “High Blood Pressure” OR Tri-
glyceride OR “TG” OR Triacylglycerol OR “Fasting Blood Sugar” OR
“Fasting Blood glucose” OR (Sugar AND Blood) OR (Glucose AND
Blood) OR “FBS” OR (Circumference AND Waist) OR “Waist
Circumference” OR “WC”)
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