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Abstract 

Background  It is suggested that supplementation with milk protein (MP) has the potential to ameliorate the glyce‑
mic profile; however, the exact impact and certainty of the findings have yet to be evaluated. This systematic review 
and dose–response meta-analysis of randomized controlled trials (RCTs) assessed the impact of MP supplementation 
on the glycemic parameters in adults.

Methods  A systematic search was carried out among online databases to determine eligible RCTs published 
up to November 2022. A random-effects model was performed for the meta-analysis.

Results  A total of 36 RCTs with 1851 participants were included in the pooled analysis. It was displayed that sup‑
plementation with MP effectively reduced levels of fasting blood glucose (FBG) (weighted mean difference (WMD): 
-1.83 mg/dL, 95% CI: -3.28, -0.38; P = 0.013), fasting insulin (WMD: -1.06 uU/mL, 95% CI: -1.76, -0.36; P = 0.003), and home‑
ostasis model assessment of insulin resistance (HOMA-IR) (WMD: -0.27, 95% CI: -0.40, -0.14; P < 0.001) while making 
no remarkable changes in serum hemoglobin A1c (HbA1c) values (WMD: 0.01%, 95% CI: -0.14, 0.16; P = 0.891). However, 
there was a significant decline in serum levels of HbA1c among participants with normal baseline body mass index 
(BMI) based on sub-group analyses. In addition, HOMA-IR values were significantly lower in the MP supplement-treated 
group than their untreated counterparts in short- and long-term supplementation (≤ 8 and > 8 weeks) with high 
or moderate doses (≥ 60 or 30–60 g/d) of MP or whey protein (WP). Serum FBG levels were considerably reduced 
upon short-term administration of a low daily dose of WP (< 30 g). Furthermore, the levels of serum fasting insulin were 
remarkably decreased during long-term supplementation with high or moderate daily doses of WP.

Conclusion  The findings of this study suggest that supplementation with MP may improve glycemic control 
in adults by reducing the values of fasting insulin, FBG, and HOMA-IR. Additional trials with longer durations are 
required to confirm these findings.

Keywords  Glycemic indices, High blood glucose (HBG), Hyperglycemia, Milk protein, Whey protein, Casein protein

*Correspondence:
Shooka Mohammadi
shooka.mohammadi@gmail.com
Damoon Ashtary‑Larky
damoon_ashtary@yahoo.com
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12937-023-00878-1&domain=pdf


Page 2 of 18Mohammadi et al. Nutrition Journal           (2023) 22:49 

Introduction
The increasing prevalence and burden of type 2 dia-
betes mellitus (T2DM) and hyperglycemia (very high 
blood sugar) is a major global health concern [1, 2]. A 
high blood glucose (HBG) level is a common problem 
for diabetic patients [2]. Long-term exposure to HBG is 
the primary causal factor in the pathogenesis of diabetic 
complications [3]. Hyperglycemia is caused by reduced 
glucose utilization, increased glucose production, and 
decreased insulin secretion [4]. It is a potential target to 
enhance clinical outcomes in hospitalized patients with 
acute disease, even without overt diabetes [5]. It has been 
suggested that each 1 mg/ dL increment in fasting glu-
cose concentration may increase the risk of developing 
diabetes by 9% [6].

Hyperglycemia causes a lot of changes in vascular tis-
sue that could lead to accelerated atherosclerosis [3]. 
In addition, HBG raises the risk of developing cardio-
vascular diseases (CVDs) in diabetic and non-diabetic 
individuals [7]. Furthermore, HBG can be diagnosed in 
hospitalized patients, even those without diabetes [8]. It 
can change innate immune responses to infection, lead-
ing to poor outcomes in these patients [8]. Therefore, 
it is essential to monitor blood glucose levels, normal-
ize hyperglycemia, and prevent hyperglycemia-induced 
complications [9].

Consumption of food products that contain digestible 
carbohydrates (CHO) can cause postprandial HBG and 
glycemic responses [10]. A healthy eating pattern is one 
of the key components of HBG management [11–14]. 
Cow milk is a food item necessary for a balanced diet 
and contains several essential micro- and macronutri-
ents [15]. Lactose is the major carbohydrate with a low 
glycemic index (GI) in dairy products and a disaccharide 
of glucose and galactose [10]. The lower GI of dairy prod-
ucts has been linked to their matrix for controlling gas-
tric emptying and the presence of lactose [16, 17]. It was 
reported that the addition of dairy products to high-car-
bohydrate meals may reduce postprandial blood glucose 
levels and have a favorable impact on glycemic profile 
[18]. It decreases post-meal glycemia when consumed 
during or before an ad  libitum meal [19]. In addition, it 
may deliver comparatively high levels of CHO with lim-
ited glycemic responses [10]. However, glycemic reac-
tions following the consumption of milk products  are 
uncertain and controversial [10].

Bovine milk is a major source of high-quality proteins 
with various nutritional, physiological, and functional 
benefits [20]. Milk proteins (MP) have health-promoting 
effects such as digestion and absorption of nutrients, 
stimulation of the immune system, and prebiotic effects 
[21, 22]. They may have hypotensive, anticancer, satiat-
ing, anti-inflammatory, antimicrobial, antioxidant, and 

insulinotropic properties [21, 23], as well as the poten-
tial to increase muscle protein synthesis [24]. Casein 
and whey are the main proteins in dairy products that 
account for 80% and 20% of the amino acids (AAs) in 
milk, respectively [25]. They are two of the most common 
types of protein available on the market with different 
absorption rates and bioavailability [26]. Whey protein 
(WP) is rapidly digested, whereas casein protein (CP) is 
classified as a high-quality protein source [23] with slow 
digestion and absorption [27] that provides all essential 
AAs to humans, except cysteine [28]. In contrast, WP 
has a higher proportion of valine, isoleucine, and leu-
cine (essential AAs that are identified as branched-chain 
amino acids (BCAAs)) than CP [29]. However, non-
essential AAs are more abundant in CP [29].

It has been found that proteins are useful in triggering 
insulin secretion in T2DM patients [30]. The evidence 
suggests that MP enhances the postprandial insulin 
response and reduces the postprandial blood glucose 
response in healthy individuals [31–33] and T2DM 
patients [1, 34, 35]. The precise mechanisms by which 
protein of milk lowers the levels of postprandial glucose 
remain to be determined [36]. The hypothesis is that the 
AAs and bioactive peptides in MP may lead to delayed 
gastric emptying, increased incretin and insulin response, 
and a decrease in postprandial glucose levels [36].

A limited number of reviews and meta-analyses have 
explored the effects of WP supplementation or dairy 
products on glycemic control, but they focused only on 
patients with T2DM [36–39]. The effects of MP supple-
ments on the glycemic profile of different types of con-
sumers were not well investigated and the outcomes of 
the studies were controversial or inclusive. In addition, 
meta-analyses of observational studies have higher risks 
of bias and heterogeneity compared to randomized con-
trolled trials (RCTs) [40]. The main problems in obser-
vational studies are confounders and selection bias, but 
they are prevented in RCTs by blinding and randomiza-
tion [41]. Therefore, the aim of this systematic review and 
meta-analysis of RCTs was to assess the impacts of sup-
plementation with MP on glycemic parameters.

Methods
This systematic review and meta-analysis were performed 
following the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) framework [42]. 
The study protocol was registered in the international 
prospective register of systematic reviews (PROSPERO) 
(CRD42023424242).

Search strategy
One reviewer implemented a search strategy to deter-
mine relevant RCTs published up to December 2022 in 
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various databases (Medline/ PubMed, Web of Science, 
and Scopus). The language and period of publications 
were unrestricted. Google Translate was used to trans-
late articles that were not written in English. The search 
strategy was focused on four key elements in trials with 
parallel or crossover design; they were population (adult), 
exposure/intervention (MP supplement), compara-
tor/control (no intervention or placebo), and outcomes 
(levels of fasting blood glucose (FBG), hemoglobin A1c 
(HbA1c), homeostasis model assessment of insulin resist-
ance (HOMA-IR), and fasting insulin). The subsequent 
medical subject headings (MeSH) and non-MESH were 
used in the search strategy: (("milk" OR "milk protein" OR 
"milk protein supplement" OR "milk protein supplemen-
tation" OR "whey" OR "casein" OR "whey supplement" 
OR "whey supplementation" OR "casein supplement" 
OR "casein supplementation" OR "milk protein concen-
tration" OR "MPC") AND ("glucose tolerance" OR "insu-
lin resistance" OR "FBG" OR "fasting blood glucose" OR 
"HbA1c" OR "hemoglobin A1c" OR "HOMA-IR" OR 
"homeostatic model assessment" OR "Insulin" OR "fasting 
blood sugar" OR "FBS") AND ("Intervention" OR "Inter-
vention Study" OR "Intervention Studies" OR "controlled 
trial" OR "randomized" OR "randomised" OR "random" 
OR "randomly" OR "placebo" OR "clinical trial" OR "Trial" 
OR "randomized controlled trial" OR "randomized clini-
cal trial" OR "RCT" OR "blinded" OR "double-blind" OR 
"double blinded" OR "trial" OR "clinical trial" OR "trials" 
OR "Pragmatic Clinical Trial" OR "Cross-Over Studies" 
OR "Cross-Over" OR "Cross-Over Study" OR "parallel" 
OR "parallel study" OR "parallel trial")).

Study selection criteria
Identified records were exported to the Endnote refer-
ence management software. Two reviewers (SM and 
SD) independently assessed the studies and determined 
appropriate RCTs based on the inclusion criteria. They 
discussed any disagreements or resolved them through 
negotiation with a third investigator (DAL). This system-
atic review and meta-analysis included all RCTs (with 
crossover or parallel design) that looked at the effect of 
MP administration on serum levels of HbA1c, fasting 
insulin, HOMA-IR, and FBG in MP supplement-treated 
individuals compared with their untreated counterparts.

Eligible RCTs enrolled adult individuals and had a cross-
over or parallel design, as well as a placebo or control 
group. They had a pre-post design with a duration longer 
than two weeks. In addition, the RCTs had sufficient data 
on the values of HOMA-IR, fasting insulin, HbA1c, and 
FBG in the MP-treated and placebo groups at the end of 
each study and baseline. The trials  evaluated the impact 
of supplementation with MP on the glycemic parameters 
in participants. Furthermore, the MP supplement was not 

administered as a multi-component supplement in the 
MP-treated and placebo groups. Moreover, RCTs with 
one of the following criteria were excluded: non-placebo-
controlled or uncontrolled trials; studies that included 
individuals under 18 years of age or pregnant women; 
RCTs with < 2 weeks in duration; non-RCTs or observa-
tional studies; trials with inadequate data on selected 
outcomes at follow-up or baseline assessments.

Data extraction
Two independent researchers (SM and HSO) extracted data 
from eligible full-text articles to determine the required 
information; disagreements were resolved through discus-
sion. The extracted data were related to study characteris-
tics (sample size, publication year, trial duration and setting, 
study design, dose of MP supplement, type of placebo or 
control group, and first author’s name), and participants’ 
demographics (mean body mass index (BMI), age, and 
gender). In addition, pre- and post-assessments of selected 
outcomes (HOMA-IR, FBG, HbA1c, and fasting insulin) 
were collected at the endpoints and baseline of the study.

Risk of bias assessment
Two independent researchers (SM and NA) appraised 
the quality of the trials based on the modified Cochrane 
risk of bias (RoB 2) tool [43]. It identified possible causes 
of bias including attrition bias, performance bias, alloca-
tion bias, reporting bias, and detection bias. The RoB for 
each domain was deemed high, unclear, and low [43].

Certainty assessment
The certainty of the evidence was assessed by applying 
the GRADE (Grading of Recommendations Assessment, 
Development, and Evaluation) approach, which catego-
rizes the quality of evidence as moderate, very low, low, 
and high [44].

Statistical analysis
Meta-analysis was performed by applying the STATA sta-
tistical software (version 17). The effects of MP adminis-
tration on the glycemic parameters were measured as a 
95% confidence interval (CI) and weighted mean differ-
ences (WMDs) for total changes of trial outcomes from 
baseline to endpoints in the MP-treated and untreated 
groups. The outcome measures were presented as stand-
ard deviation (SD) and mean. The effect sizes were deter-
mined by the mean differences. The following formula 
was applied to calculate SD changes from pre-to post-
intervention: SD change = √ (SD2 baseline + SD2 final)– (2 × R 
correlation coefficient × SD baseline × SD final) [45]. The random-
effects model was employed to calculate the pooled 
WMDs [46]. The heterogeneity among RCTs was evalu-
ated by applying the I2 statistic [47] and Cochrane’s Q 
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test. The I2 values 25–50%, < 25%, 50–75%, and > 75%, 
were considered as moderate, low, high, and very high 
heterogeneity between RCTs, respectively [48].

Sub-group analyses were applied to identify the possi-
ble sources of heterogeneity among the included RCTs. 
The analysis was based on baseline serum levels of the 
outcomes (HbA1c, fasting insulin, HOMA-IR, and FBG), 
trial duration (> 8  weeks vs. ≤ 8  weeks), the dose of MP 
supplement (≥ 60  g/d vs. 30–60  g/d vs. < 30  g/d), pro-
tein supplementation type (WP vs. CP vs. MP), gender 
(male vs. both female and male vs. female), and base-
line BMI of participants (overweight (25–29.9 kg/m2) vs. 
obese(> 30 kg/m2) vs. normal (18.5–24.9 kg/m2)). Leave-
one-out sensitivity analyses were utilized to determine 
the effect of each study on the overall analysis. In addi-
tion, funnel plots, Egger’s [49], and Begg’s tests [50] were 
employed to determine probable publication bias. In 
addition, a P-value less than 0.05 was reported as statis-
tically significant. The fractional polynomial model was 
used to find the possible non-linear impacts of the dose 
of MP supplement (g/d) and the trial duration (weeks). 
In addition, meta-regression was performed to evaluate 
a dose–response slope for a potential linear relationship 
between effect sizes, trial length, and dose of MP supple-
ment [51].

Results
Study selection
A primary search among multi-databases yielded 
15,632 records. After excluding 5238 duplicate studies, 
10,394 records were screened, and 10,287 citations were 
excluded based on their titles and abstracts. Full texts of 
107 articles were assessed, and 36 eligible RCTs that met 
the inclusion criteria were analyzed in this study. A flow-
chart of the study selection and screening process is illus-
trated in Supplemental Fig. 1.

Study characteristics
The present systematic review and meta-analysis 
included 36 trials. Characteristics of the included RCTs 
are presented in Table  1. Thirty-four RCTs had paral-
lel designs [52–85], while two were cross-over trials 
[86, 87]. The total number of participants in all trials 
was 1851 (MP supplement-treated group, n = 975; con-
trols, n = 992), with mean age and BMI ranging from 18 
to 85 years and 20 to 37 kg/m2, respectively. The sample 
sizes ranged from 16 to 171 participants. Twenty RCTs 
[52–58, 62, 63, 66, 70, 71, 74–76, 79, 80, 82, 83, 87] used 
a mixed-sex sample, while seven and nine studies had a 
women-only sample [64, 68, 69, 77, 78, 81, 86] or a men-
only sample [59–61, 65, 67, 72, 73, 84, 85], respectively.

The trials enrolled patients with pre-or mild hyper-
tension [52, 79], amyotrophic lateral sclerosis (ALS) 
[55], metabolic syndrome [58], after bariatric surgery 
(> 24  months) [69], hypoalbuminemia on peritoneal 
dialysis [70], T2DM [73, 76], and sarcopenic elderly men 
[67]. In addition, the RCTs were carried out among par-
ticipants with overweight or obesity [53, 54, 56, 60, 61, 
64–66, 75, 78, 80, 84], visceral fat [57], or abdominal obe-
sity [83], and post-menopausal women [68] with over-
weight [86] or obesity [81]. The studies also included 
older women with sarcopenic obesity [77], futsal players 
[85], nursing home residents [62], elderly adults [63, 71, 
82], and healthy individuals [59, 72, 74] with mildly ele-
vated blood pressure (BP) [36].

The articles were published between 2007 and 2022. 
The RCTs were performed in Germany [52, 58], Aus-
tralia [53, 56, 86], Netherlands [54], Brazil [55, 69, 77, 78], 
Japan [57], Portugal [85], Sweden [59, 84], and Iran [60, 
61, 65, 81]. The settings of studies were also Finland [62], 
the Czech Republic [63], the United States(US) [64, 66, 
68, 72, 74, 80, 82], the United Kingdom(UK) [87], Canada 
[67], Israel [70], Norway [71], New Zealand [73], Den-
mark [75, 83], Italy [76], and China [79]. The length of the 
trials was between 3 and 72 weeks and the doses of MP, 
WP, or CP supplements ranged from 3.5 to 90 g per day. 
The risk of bias evaluation among 36 RCTs is displayed in 
Supplemental Table 1.

The GRADE evaluation of the overall certainty of the 
evidence for the measured outcomes is summarized in 
Supplemental Table  2. The HbA1c outcome was down-
graded to low quality due to serious limitations in incon-
sistency and imprecision. High certainty of evidence 
was allocated to fasting insulin outcome. In addition, 
moderate quality evidence was considered for FBG and 
HOMA-IR outcomes because of a very serious risk of 
inconsistency or serious limitations in publication bias 
and inconsistency, respectively.

Effect of supplementation with milk protein on serum FBG
Thirty-four RCTs (42 trial arms) [52–67, 69, 71–87] with 
1731 participants (MP-treated group, n = 919; placebo 
group, n = 928) were included in this meta-analysis. The 
pooled analysis displayed that MP supplementation effec-
tively reduced serum concentrations of FBG in the MP 
supplement-treated group compared with their untreated 
counterparts (WMD: -1.83 mg/dL, 95% CI: -3.28, -0.38; 
P = 0.01). In addition, there was considerable heteroge-
neity between trials (I2 = 88.3%, P < 0.001) (Fig.  1). Sub-
group analyses explored that serum FBG levels were 
considerably reduced upon short-term administration 
(≤ 8  weeks) of a low daily dose of WP (< 30  g) among 
female participants with normal or overweight BMI and 
higher baseline FBG (> 100 mg/dL) (Table 2). 
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Table 2  Subgroup analyses of supplementation with milk protein on glycemic parameters

Sub-groups Effect size, n WMD (95%CI)a P-within subgroups

P-heterogeneityc I2 (%)b P-between 
subgroups

Supplementation with milk protein on FBG (mg/dL)

Overall effect 42 -1.83 (-3.28, -0.38) 0.013  < 0.001 80.3%

FBG Baseline

  < 100 28 -1.25 (-2.86, 0.35) 0.127  < 0.001 79.1% 0.110

  > 100 12 -4.48 (-8.09, -0.87) 0.015  < 0.001 84.9%

Trial duration (week)

  > 8 25 -1.49 (-3.18, 0.20) 0.084  < 0.001 76.6% 0.438

  ≤ 8 17 -2.74 (-5.43, -0.06) 0.045  < 0.001 84.4%

Intervention type

  Casein 4 -7.53 (-16.60, 1.54) 0.104  < 0.001 92.6% 0.267

  Milk 9 -0.82 (-2.49, 0.84) 0.333 0.149 33.7%

  Whey 29 -2.00 (-3.77, -0.23) 0.026  < 0.001 81.1%

Supplement dose (g/day)

  ≥ 60 5 -0.19 (-2.65, 2.25) 0.876 0.265 23.5% 0.298

  30–60 24 -1.62 (-3.63, 0.39) 0.114  < 0.001 81.1%

  < 30 10 -3.21 (-6.12, -0.29) 0.031  < 0.001 81.0%

Baseline BMI (kg/m2)

  Normal (18.5–24.9) 5 -6.00 (-9.48, -2.53) 0.001 0.005 73.1% 0.010

  Overweight (25–29.9) 14 -4.87 (-8.41, -1.33) 0.007  < 0.001 84.1%

  Obese (> 30) 14 -0.28 (-2.55, 1.97) 0.803  < 0.001 79.9%

Sex

  Both 24 -0.90 (-2.61, 0.80) 0.299  < 0.001 76.4% 0.013

  Female 7 -10.87 (-17.28, -4.45) 0.001  < 0.001 92.4%

  Male 11 -1.32 (-3.00, 0.36) 0.125 0.080 40.3%

Supplementation with milk protein on fasting insulin (uU/ml)

  Overall effect 24 -1.06 (-1.76, -0.36) 0.003 0.003 50.1%

Trial duration (week)

  > 8 15 -0.93 (-1.70, -0.17) 0.017 0.046 41.7% 0.669

  ≤ 8 9 -1.31 (-2.87, 0.24) 0.098 0.006 63.0%

Intervention type

  Casein 3 -2.85 (-8.80, 3.09) 0.347 0.024 73.2% 0.797

  Milk 5 -1.38 (-3.30, 0.54) 0.160 0.157 39.6%

  Whey 16 -1.02 (-1.79, -0.24) 0.010 0.010 50.9%

Supplement dose (g/day)

  ≥ 60 4 -1.71 (-2.68, -0.75)  < 0.001 0.691 0.0% 0.019

  30–60 11 -1.59 (-2.78, -0.41) 0.008 0.014 55.0%

  < 30 8 0.01 (-0.89, 0.92) 0.975 0.236 24.2%

Baseline BMI (kg/m2)

  Normal 3 -0.56 (-2.46, 1.33) 0.559 0.013 76.9% 0.847

  Overweight (25–29.9) 9 -0.91 (-2.33, 0.50) 0.207 0.040 50.5%

  Obese (> 30) 10 -1.23 (-2.54, 0.08) 0.066 0.054 46.1%

Sex

  Both 15 -0.74 (-1.39, -0.09) 0.025 0.140 28.9% 0.742

  Female 6 -1.66 (-4.10, 0.78) 0.182 0.014 64.9%

  Male 6 -1.23 (-3.87, 1.41) 0.362 0.035 70.2%

Overall effect 6 0.01 (-0.14, 0.16) 0.891  < 0.001 82.2%
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Table 2  (continued)

Sub-groups Effect size, n WMD (95%CI)a P-within subgroups

P-heterogeneityc I2 (%)b P-between 
subgroups

HbA1c Baseline

  < 6.4 4 0.06 (-0.01, 0.13) 0.123 0.429 0.0% 0.302

  > 6.4 2 -0.13 (-0.48, 0.22) 0.471 0.003 88.8%

Intervention type

  Casein 1 0.18 (-0.01, 0.37) 0.075 - - 0.247

  Milk 1 0.10 (-0.08, 0.28) 0.295 - -

  Whey 4 -0.04 (-0.23, 0.13) 0.619  < 0.001 85.1%

Supplement dose (g/day)

  30–60 2 0.12 (-0.00, 0.25) 0.062 0.451 0.0% 0.159

  < 30 4 -0.04 (-0.23, 0.14) 0.655  < 0.001 85.1%

Baseline BMI (kg/m2)

  Normal 1 -0.30 (-0.42, -0.17)  < 0.001 - -  < 0.001

  Overweight (25–29.9) 2 0.08 (-0.05, 0.21) 0.245 0.776 0.0%

  Obese (> 30) 3 0.06 (-0.03, 0.15) 0.231 0.279 21.8%

Supplementation with milk protein on HOMA-IR

  Overall effect 20 -0.27 (-0.40, -0.14)  < 0.001 0.006 49.9%

HOMA-IR Baseline

  > 2 11 -0.29 (-0.49, -0.09) 0.005 0.150 31.2% 0.815

  < 2 8 -0.26 (-0.46, -0.05) 0.014 0.002 69.0%

Trial duration (week)

  > 8 14 -0.25 (-0.41, -0.10) 0.001 0.015 50.9% 0.752

  ≤ 8 6 -0.31 (-0.58, -0.03) 0.027 0.085 48.2%

Intervention type

  Casein 2 -0.20 (-0.85, 0.44) 0.540 0.196 40.1% 0.383

  Milk 3 -0.53 (-0.89, -0.16) 0.004 0.650 0.0%

  Whey 15 -0.25 (-0.40, -0.11) 0.001 0.005 55.2%

Supplement dose (g/day)

  ≥ 60 4 -0.41 (-0.60, -0.22)  < 0.001 0.732 0.0% 0.017

  30–60 8 -0.36 (-0.54, -0.18)  < 0.001 0.331 12.6%

  < 30 7 -0.08 (-0.24, 0.08) 0.347 0.126 39.8%

Baseline BMI (kg/m2)

  Normal (18.5–24.9) 2 -0.42 (0.67, -0.17) 0.001 0.333 0.0% 0.369

  Overweight (25–29.9) 7 -0.17 (-0.41, 0.06) 0.147 0.088 45.5%

  Obese (> 30) 9 -0.27 (-0.47, -0.06) 0.010 0.142 34.5%

Sex

  Both 11 -0.31 (-0.45, -0.18)  < 0.001 0.631 0.0% 0.925

  Female 5 -0.25 (-0.56, 0.05) 0.106 0.061 55.6%

  Male 4 -0.32 (-0.79, 0.13) 0.165 0.002 79.1%

Abbreviations: WMD weighted mean differences, CI confidence interval, BMI body mass index, HOMA-IR Homeostatic Model Assessment for Insulin Resistance, FBG 
fasting blood glucose, HbA1c hemoglobin A1c, CI Confidence interval
a Attained from the random-effects model
b Percentage of differences between trials due to heterogeneity
c Cochrane’s Q test
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Effect of supplementation with milk protein on fasting 
insulin
The effect of MP administration on serum fasting insulin 
values was evaluated in 20 RCTs [52–54, 57–59, 62, 64, 66, 
67, 75–78, 80, 81, 83, 84, 86, 87] that involved 1100 partici-
pants (603 cases and 613 controls). A pooled analysis of 24 
effect sizes indicated that the level of serum fasting insulin 
was considerably lower in the MP-treated group than in the 
control group (WMD: -1.06 uU/mL, 95% CI: -1.76, -0.36; 
P = 0.003). There was significant heterogeneity among 

RCTs (I2 = 50.1%, P = 0.003) (Fig.  2). Subgroup analyses 
depicted similar outcomes based on long-term supplemen-
tation with high or moderate daily doses of WP (≥ 60 or 
30–60 g) among participants of both sexes (Table 2).

Effect of supplementation with milk protein on serum 
HbA1c
The meta-analysis of five studies (6 arms) [54, 57, 58, 
70, 76] with 432 participants explored no significant 
changes in serum concentrations of HbA1c in the MP 

Fig. 1  Forest plot for the effect of supplementation with milk protein on fasting blood glucose (FBG) (mg/dL). Horizontal lines represent 95% 
confidence intervals (CIs). Diamonds represent pooled estimates from random-effects analysis. The effect column comprises weighted mean 
differences (WMDs) and 95% CIs



Page 12 of 18Mohammadi et al. Nutrition Journal           (2023) 22:49 

supplement-treated group compared to the untreated 
group (WMD: 0.01%, 95% CI: -0.14, 0.16; P = 0.89) 
with a high degree of heterogeneity between studies 
(I2 = 82%, P < 0.001) (Fig.  3). However, there was a sub-
stantial decline in serum levels of HbA1c among partici-
pants with normal baseline BMI based on sub-analyses 
(Table 2).

Effect of supplementation with milk protein on HOMA‑IR
Seventeen trials [52, 54, 58, 59, 64, 66, 68, 69, 73, 76–
78, 80, 81, 83, 84, 87] with 20 effect sizes and 940 par-
ticipants revealed the impact of MP supplementation 
on HOMA-IR values. The meta-analysis displayed that 
the mean value of HOMA-IR was considerably lower 
in the experimental group than in the controls (WMD: 
-0.27, 95% CI: -0.40, -0.14; P < 0. 00.1) (Fig. 4). In addi-
tion, substantial heterogeneity was found between 

trials (I2 = 49.9%, P = 0.006). Subgroup analysis indi-
cated that HOMA-IR values were significantly lower in 
the MP supplement-treated group than their untreated 
counterparts in short- and long-term supplementation 
(≤ 8 and > 8  weeks) with high or moderate doses (≥ 60 
or 30–60  g/d) of MP or WP; similar outcomes were 
detected in subgroups including participants of both 
sexes with a normal or obese baseline BMI, and high or 
low baseline HOMA-IR values (> 2 or < 2) (Table 2).

Publication bias
Visual inspection of the funnel plots displayed different 
degrees of asymmetry for all assessed outcomes (Sup-
plemental Fig. 2). There was no publication bias for FBG, 
HbA1c, or fasting insulin outcomes based on Begg’s and 
Egger’s tests. However, there was publication bias for the 
HOMA-IR outcome (P = 0.033) according to Egger’s test.

Fig. 2  Forest plot for the effect of supplementation with milk protein on fasting insulin (uU/mL). Horizontal lines represent 95% confidence 
intervals (CIs). Diamonds represent pooled estimates from random-effects analysis. The effect column comprises weighted mean differences 
(WMDs) and 95% CIs
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Linear and non‑linear dose–response relations
There was no linear (Supplemental Figs. 5 and 6) or non-
linear (Supplemental Figs. 3 and 4) relationship between 
changes in trial duration or doses of MP supplement and 
serum HbA1c values based on the dose–response assess-
ment. There was a substantial non-linear association 
between changes in the duration of the intervention and 
serum levels of FBG (P = 0.005; Supplemental Fig.  4A) 
and fasting insulin (P = 0.03, Supplemental Fig.  4B), as 
well as between doses of MP supplements and changes in 
HOMA-IR values (P = 0.02; Supplemental Fig. 3D).

Sensitivity analysis
Excluding any specific study did not affect the evaluated 
outcomes (values of fasting insulin, HOMA-IR, HbA1c, 
and FBG) based on sensitivity analysis.

Discussion
This dose–response meta-analysis of 36 RCTs evalu-
ated the impact of MP administration on the glycemic 
parameters in adults. It was indicated that supplemen-
tation with milk protein effectively reduced the levels of 
HOMA-IR, fasting insulin, and FBG while making no 
remarkable changes in serum HbA1c values. However, 

there was a significant decline in serum levels of HbA1c 
among participants with normal baseline BMI based on 
sub-analyses.

A subgroup analysis revealed that HOMA-IR values 
were significantly lower in the MP supplement-treated 
group than their untreated counterparts in short- and 
long-term supplementation (≤ 8 and > 8 weeks) with high 
or moderate doses (≥ 60 or 30–60  g/d) of MP or WP; 
similar outcomes were detected in subgroups among 
participants of both sexes with a normal or obese base-
line BMI, and high or low baseline HOMA-IR values (> 2 
or < 2). In addition, it explored that serum FBG levels 
were considerably reduced upon short-term administra-
tion (≤ 8 weeks) of a low daily dose of WP (< 30 g) among 
female participants with normal or overweight BMI, and 
higher baseline FBG (> 100 mg/dL). Furthermore, the lev-
els of serum fasting insulin were remarkably decreased 
during long-term supplementation with high or moder-
ate daily doses of WP among participants of both sexes. 
The dose–response assessment showed a significant non-
linear relationship between changes in the intervention 
duration and serum concentrations of FBG and fasting 
insulin, as well as between doses of MP supplements and 
changes in HOMA-IR values.

Fig. 3  Forest plot for the effect of supplementation with milk protein on hemoglobin A1c (HbA1c) (%). Horizontal lines represent 95% confidence 
intervals (CIs). Diamonds represent pooled estimates from random-effects analysis. The effect column comprises weighted mean differences 
(WMDs) and 95% CIs
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This meta-analysis suggests that supplementation with 
MP could significantly ameliorate some glycemic param-
eters (fasting insulin, HOMA-IR, and FBG) of adults. 
However, the improvements were relatively small and 
might not be clinically significant. The minimum clini-
cally important difference (MCID) for FBG and HA1C 
is between ≥ 14 and ≥ 0.5% mg/dL, respectively [88, 89]. 
The hypoglycemic effects of MP supplements are lower 
than MCID, which means that the impact is clinically 
insignificant.

A meta-analysis of 22 RCTs indicated that WP admin-
istration significantly decreased the values of HOMA-IR, 
HBA1c, and fasting insulin in patients with metabolic 
syndrome, but did not have any impact on FBG levels 
[90]. A systematic review of 58 RCTs explored that WP 

exerts a significant impact on glycemic control primar-
ily by stimulating incretins and insulin secretion, sup-
pressing appetite, and slowing down gastric emptying 
[39]. In addition, a comprehensive review of the litera-
ture stated the positive impacts of WP supplementation 
on improving postprandial glycemic control in the short 
term based on a few studies [91]. Another meta-analysis 
of five RCTs revealed that premeal WP supplementa-
tion is beneficial to ameliorate  postprandial glycemia  in 
patients with well-controlled or mild T2DM without 
significant adverse effects [37]. Some observational stud-
ies have reported a negative correlation between milk 
consumption and hyperglycemia [92, 93]. A prospective 
study displayed that a higher intake of dairy products was 
related to a lower 9-year incidence of hyperglycemia [92]. 

Fig. 4  Forest plot for the effect of supplementation with milk protein on homeostasis model assessment of insulin resistance (HOMA-IR). Horizontal 
lines represent 95% confidence intervals (CIs). Diamonds represent pooled estimates from random-effects analysis. The effect column comprises 
weighted mean differences (WMDs) and 95% CIs
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Another prospective cohort study among 15,512 adults 
in China (median follow-up of 9 years) declared that 
dairy consumption such as liquid milk and milk powder, 
was inversely associated with reduced diabetes risk [93]. 
However, most previous interventional trials failed to 
highlight the findings from observational studies regard-
ing supplementation with MP.

It has been revealed that the insulinotropic impact 
of MP is related to certain AAs, in particular BCAAs 
[94]. Leucine induces glutamate dehydrogenase activity 
in β-cells that leads to an enhancement in Krebs cycle 
activity and insulin production [95]. In addition, WP 
as a fast digestible protein and a remarkable source of 
BCAAs promotes the circulation and release of insulin 
that may reduce postprandial hyperglycemia [90]. Bio-
active peptides also induce the release of incretin hor-
mones including glucagon‐like peptide‐1 (GLP‐1) and 
glucose-dependent insulinotropic polypeptide (GIP) 
that play a significant role in the enhancement of insulin 
resistance [96].

The maintenance of glucose levels involves a complex 
interaction between insulin-sensitive peripheral tissues 
and pancreatic β-cells [97]. The AAs are vital nutrients 
that may induce a diversity of indirect and direct impacts 
at the organismal and cellular levels [97]. However, there 
is a debate regarding the optimal amount of dietary pro-
tein for T2DM patients [97, 98]. It has been proposed 
that excessive amounts of AAs may reduce insulin-stimu-
lated glucose uptake and increase insulin resistance [97]. 
A meta-analysis of eight RCTs explored that the con-
sumption of proteins, particularly animal proteins, may 
be associated with an increased risk of T2DM [99].

The current study demonstrated a considerable 
reduction in serum FBG levels in RCTs that were 
short-term interventions with low-dose WP adminis-
tration. Previous studies have revealed that the short-
term effects of WP supplementation were equivalent 
to insulin therapy or sulfonylurea for the treatment 
of hyperglycemia in T2DM patients [28,  100, 101]. 
These promising results have only been displayed in 
short-term clinical trials. Therefore, short-term epi-
demiological and clinical evidence suggests that dairy 
proteins may ameliorate hyperglycemia. Although 
the outcomes of the present study proposed that the 
insulin-lowering effects of MP supplements are more 
efficient at higher doses and long-term interventions, 
further long-term RCTs are essential to confirm the 
proper efficacy, safety, and dosage of consistent con-
sumption of MP supplements.

There were several strengths in the present system-
atic review and meta-analysis. This study is the first 
dose–response meta-analysis to evaluate the impact 
of supplementation with MP on the glycemic profile of 

adults. There was no restricted search period for select-
ing all eligible RCTs in a systematic search. In addition, 
a considerable number of studies were included in the 
analysis. Most of the RCTs in this meta-analysis had 
good or fair quality. Several limitations to the outcomes 
of this study should be considered. Dietary protein and 
carbohydrate intakes of participants were not reported 
in the majority of studies. The included RCTs in this 
meta-analysis had different control or non-intervened 
groups. Furthermore, there was considerable heteroge-
neity between trials related to each outcome. Therefore, 
a pre-defined subgroup analysis was employed to iden-
tify the cause of heterogeneity based on several vari-
ables, including supplement dose, intervention length, 
baseline BMI, baseline glycemic status, and gender of 
participants.

In conclusion, supplementation with MP may amelio-
rate the glycemic profile in adults by reducing the val-
ues of HOMA-IR, FBG, and fasting insulin. However, 
glycemic changes following MP administration were 
lower than MCID; therefore, its hypoglycemic effects 
were minor and may not reach clinical importance. 
Additional RCTs with longer durations are expected to 
confirm these findings.
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hemoglobin A1c(HbA1c), and (D) homeostasis model assessment of insu‑
lin resistance (HOMA-IR). Supplemental Fig. 3. Non-linear dose-response 
association between dose (gr/day) of supplementation with milk protein 
and absolute mean differences in (A) fasting blood glucose (FBG) (B) 
fasting insulin (C) hemoglobin A1c(HbA1c), and (D) homeostasis model 
assessment of insulin resistance (HOMA-IR). The 95% CI (confidence inter‑
val) is demonstrated in the shaded parts. Supplemental Fig. 4. Non-linear 
association between duration of the supplementation with milk protein 
(weeks) and absolute mean differences in (A) fasting blood glucose (FBG) 
(B) fasting insulin (C) hemoglobin A1c(HbA1c), and (D) homeostasis 
model assessment of insulin resistance (HOMA-IR). The 95% CI (confidence 
interval) is depicted in the shaded parts. Supplemental Fig. 5. Linear 
dose-response association between dose (gr/day) of supplementation 
with milk protein and absolute mean differences in (A) fasting blood 
glucose (FBG) (B) fasting insulin (C) hemoglobin A1c(HbA1c), and (D) 
homeostasis model assessment of insulin resistance (HOMA-IR). Supple-
mental Fig. 6. Linear association between duration of the supplementa‑
tion with milk protein (weeks) and absolute mean differences in (A) fasting 
blood glucose (FBG) (B) fasting insulin (C) hemoglobin A1c (HbA1c), and 
(D) homeostasis model assessment of insulin resistance (HOMA-IR).
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