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 Introduction 

 Recently, increasing research has focused on the poten-
tial insulinotropic effect of whey protein in healthy indi-
viduals and patients with hyperglycemia. Studies show 
whey protein consumption has a positive effect on the gly-
cemic response and increases insulin sensitivity  [1–5] . Ef-
fective doses of whey protein necessary to induce beneficial 
shifts in postprandial glucose levels or insulin secretion var-
ies between 10 and 55 g when provided with a meal or as a 
preload  [3, 6] . Improved postprandial glycemia enhances 
overall glucose homeostasis in patients with type 2 diabetes 
mellitus (T2DM)  [2, 7] , possibly delaying the need for med-
ical treatment  [2, 8] . Reductions seen in postprandial glyce-
mia resulting from whey supplementation are similar to 
what would be expected from pharmacological agents  [3] . 
Recently, studies have concluded that whey preloads should 
be considered as a long-term management strategy in pa-
tients with T2DM  [9, 10] . However, in order to be effective, 
whey protein must remain a continual part of the diet  [6] . 
Additional research shows potential benefits of whey in the 
management of acute hyperglycemia  [11–14] .

  Hyperinsulinemia has been linked to obesity through 
its role in fatty acid synthesis and decreased adipose tissue 
fatty acid release  [4] . However, increased insulin induced 
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 Abstract 

  Background:  The insulinotropic effect of whey protein is not 
fully understood and has clinical implications in the regula-
tion of chronic and acute hyperglycemia.  Summary:  This re-
view describes the composition of whey protein and poten-
tial mechanisms through which whey exerts an insulinotro-
pic effect, including increasing the gastric emptying rate, 
effect on incretin hormones  particularly gastric inhibitory 
peptide and glucagon-like polypeptide-1, and whey’s role 
as  a dipeptidyl peptidase IV inhibitor. Recent clinical evi-
dence on the use of whey protein concentrate, isolate and 
hydrolysate in the management of type 2 diabetes and in the 
acute care adult population is reviewed.  Key Messages:  The 
mechanism through which whey protein exerts its insulino-
tropic effect is multifactorial. Increasing evidence supports 
the potential use of whey protein in medical/nutritional 
therapy to manage glycemia; however, additional research 
is needed to determine the most appropriate dose, form and 
delivery method for whey supplementation. 
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by whey protein intake does not appear to increase fat 
mass  [4] . The purpose of this review is to examine plau-
sible mechanisms through which whey protein exerts its 
insulinotropic effect, reviewing evidence of its role in the 
management of glycemia in chronic and acute hypergly-
cemia. Initially, the composition of whey protein and its 
potential insulinotropic mechanism will be described. 
Thereafter, recent clinical trials that evaluated the insuli-
notropic effect of whey in various forms and types of hy-
drolysis in patients with type 2 diabetes and those with 
acute hyperglycemia will be summarized.

  Composition of Whey Protein 

 Whey protein, found in the liquid portion of milk, is 
removed from casein in the cheese-making process. 
Whey is commercially available in a variety of forms in-
cluding whey protein concentrate (WPC), whey protein 
isolate (WPI), reduced lactose whey, partially and exten-
sively hydrolyzed whey and demineralized whey protein 
 [6] . Studies have yielded equivocal results regarding the 
effective form of whey protein. The mechanism by which 
whey improves the glycemic response remains specula-
tive with the effective dose varying by study, dependent 
on whey type and experimental methodology.

  Whey protein consists of β-lactoglobulin (45–57%), 
α-lactalbumin (15–25%), immunoglobulin (10–15%), gly-
comacropeptide (10–15%), bovine serum albumin (10%), 
lactoferrin ( ∼ 1%) and lactoperoxidase (<1%)  [4, 15, 16] . 
Whey is a complete protein, meaning it contains all of the 
essential amino acids. Whey is also considered a high-qual-
ity protein based on measures of protein quality in humans 
and animals. Haraguchi et al.  [17]  evaluated the biological 
and biochemical properties of whey and found whey, as a 
blend of WPC, partially hydrolyzed whey and WPI, has a 
significantly higher protein efficiency ratio, net protein ra-
tio and true digestibility when compared with casein or a 
casein/whey blend, as measured in rats, which the authors 
noted was comparable to results in humans. The rat mod-
el also showed positive significant differences for albumin, 
total protein, total cholesterol and glucose concentrations 
with whey compared to casein or the blend.

  Whey protein has bioactive peptides and amino acids 
that are released during hydrolysis  [15] . These compo-
nents are thought to be responsible for much of the func-
tional benefits of whey protein on human health  [15, 18] . 
The degree and type of hydrolysis impact the effects of 
whey protein  [10, 19–26] . Whey protein is rich in the 
branched chain amino acids (BCAAs) isoleucine, leucine 

and valine, which along with its bioactive peptides may 
indirectly affect the glycemic response  [6] . In an in vitro 
study of a mouse pancreatic islets incubated with serum 
from healthy humans following a whey and carbohydrate 
meal compared to a control, a combination of BCAAs 
and the amino acids lysine and threonine increased insu-
lin secretion by 270%  [27] . While the amino acid profile 
may contribute to its insulinotropic effects, the form of 
the protein (i.e., concentrate, isolate, hydrolysate, etc.) 
has varying effects on insulin secretion  [3] .

  Mechanisms of Action 

 Recently, several studies have found that consuming 
whey prior to or with a meal significantly decreased post-
prandial glycemia and improved the insulin response  [5, 
9, 19, 21, 23, 28] . Several mechanisms have been proposed 
to explain how whey is able to exert these effects. How-
ever, the answer likely involves multiple, interconnected 
pathways ( fig. 1 ).

  Early investigative work by Nilsson et al.  [29]  examin-
ing the insulinotropic effect of milk, and whey specifi-
cally, attributed the benefits to the bioactive peptides or 
amino acids. In healthy subjects, both milk and whey-
based test meals resulted in lower postprandial glucose 
areas under the curve (AUCs) than a white bread refer-
ence meal (–62 and –57%, respectively). However, a whey 
meal led to significantly higher AUCs for insulin (90%) 

GLP-1 slows GE

Whey protein has a rapid
gastric emptying rate

DPP-IV is inhibited  increases in
GLP-1, GIP

GLP-1 suppresses glucagon secretion
GIP and BCAAs stimulate insulin secretion

  Fig. 1.  MoA 1: bioactive peptides from digestion or hydrolyzed 
whey activate incretin hormone release. MoA 2: rapid digestion of 
whey results in a rapid rise in amino acids (BCAAs, in particular), 
which results in increased insulin release. MoA 3: amino acids and 
peptides from hydrolyzed (in vitro hydrolysis from pepsin or tryp-
sin or in vivo digestion) whey inhibit DPP-IV to stop degradation 
of GIP and GLP-1. MoA = Mechanism of action. 
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and gastric inhibitory peptide (GIP, 54%). The postpran-
dial amino acid response was also more substantial for the 
whey meal, which included the highest incremental rise 
in BCAAs – known stimulators of insulin secretion.

  Nilsson et al.  [29]  proposed that intestinal digestion of 
whey results in bioactive peptides or specific amino acids, 
activating the release of incretin hormones. However, it 
was noted that the insulinotropic effect of whey could not 
be due to the incretin system alone. The authors hypoth-
esized that the postprandial increased insulin response 
with whey protein could be attributed to a more rapid 
digestion of whey protein than casein.

  Gastric Emptying 
 In a review of the relationship between gastric emptying, 

postprandial glycemia and incretin hormones, Marathe et 
al.  [7]  hypothesized that gastric emptying is a key regulator 
of postprandial glycemia. The review noted postprandial 
glycemia is an important indicator of overall blood glucose 
control, particularly in patients with T2DM who have mild 
to moderately elevated hemoglobin A1c (HbA1c).

  In a review of dairy proteins, Bendtsen et al.  [16]  de-
scribed the effect of the acidic environment of the stom-
ach on protein types noting whey remains in a liquid 
form, while casein coagulates. This coagulation slows the 
release of amino acids and gastric emptying of casein. 
Whey proteins have been classified as ‘rapid release’ pro-
teins, because they empty from the stomach and are me-
tabolized faster than many other proteins  [6, 16, 27, 30] ; 
however, the literature is inconsistent. Calbet and Holst 
 [31]  reported that WPI and hydrolysate and casein isolate 
and hydrolysate, when given in isoenergetic solutions 
with similar energy density, had gastric emptying rates 
that were similar in a small study of 12 healthy men re-
ceiving 60 g of protein supplements. Findings from Pow-
er et al.  [26]  also supported the notion that gastric empty-
ing was not affected by hydrolysis of proteins.

  Whey’s ability to quickly stimulate insulin secretion 
may be due to the rapid postprandial protein digestion of 
whey and subsequent rapid rise in amino acids, which are 
second only to glucose in promoting insulin secretion  [6, 
16] . More specifically, it may be the BCAAs that lead to 
the rapid insulin response, as insulin secretion rates are 
affected differently depending on the amount and type of 
circulating amino acids  [6] .

  Incretin Hormones 
 Postprandial glycemia may be determined by the gas-

tric emptying rate and the action of the incretin hor-
mones, glucagon-like polypeptide-1 (GLP-1) and GIP. 

Both of these incretin hormones have strong insulinotro-
pic effects, though they work through different mecha-
nisms – GIP stimulating insulin release and GLP-1 exert-
ing a negative feedback mechanism on gastric emptying 
 [4, 7, 23, 27, 32–34] . GLP-1 appears to be particularly im-
portant in the management of postprandial glycemia in 
patients with T2DM, since GIP is diminished  [35, 36] . 
Other hormones linked to appetite regulation, including 
cholecystokinin (CCK) and peptide YY, also appear to 
influence the gastric emptying rate  [7] . The rates of gas-
tric emptying and incretin hormone release have a com-
ingled effect, as gastric empting influences the rate of in-
cretin hormone secretion  [32] . Marathe et al.  [7]  asserts 
that incretin effect is greater when the gastric emptying 
rate is faster and that the gastric emptying rate is respon-
sible for about 35% of the incretin response in both 
healthy individuals and those with T2DM.

  Amino acids and peptides may directly facilitate the in-
crease of gut-derived incretin hormones, GIP and GLP-1 
 [27] . These incretin hormones are partially responsible for 
increasing insulin secretion from pancreatic cells in re-
sponse to glucose; decreasing glucagon release from the 
pancreas; enhancing the amount and lifespan of the pancre-
atic β-cells, which store and release insulin; delaying gastric 
emptying and helping to regulate appetite  [23, 37, 38] .

  Whey protein has consistently been shown to increase 
GIP, but whey’s effect on GLP-1 is more variable. Whey 
significantly increased both GIP and GLP-1 in a model in 
which mouse pancreatic islet cells were incubated with 
serum from healthy humans consuming whey or a con-
trol (white bread)  [27] . The increase in GIP led to in-
creased insulin secretion from the cells incubated with 
serum taken postprandial from humans who consumed 
whey. The authors noted in their previous studies that 
whey protein only stimulated GIP secretion  [8, 29, 39] . 
Bohl et al.  [40]  found that casein increased the postpran-
dial GLP-1 response compared to whey protein in a study 
on obese adults given 60 g of whey or casein protein with 
65 g of milk fat with either high or low medium-chain 
saturated fatty acids over 12 weeks. Despite increased 
GLP-1 in the casein-supplemented group, there were no 
significant differences in postprandial glucose or insulin. 
Increases in GIP secretion were not significantly different 
between the 2 proteins. The high fat content of the test 
meal may have blunted whey’s effect on the incretin re-
sponse.

  Protein hydrolysis and the liberation of amino acids and 
di- and tri-peptides may contribute to the rate of release of 
incretin hormones. The impact of whey on the incretins is 
inconsistent likely due to vast differences in methodolo-
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gies, as results vary between lean and obese individuals, the 
method of protein delivery and the type and degree of hy-
drolysis. Calbet and Holst  [31]  found that both whey and 
casein protein hydrolysates elicited 50% more (p < 0.05) 
gastric secretions and greater GIP release than their whole-
protein counterparts during the first 20 min of gastric 
emptying after subjects were fed test formulas through a 
nasogastric tube. In healthy, obese men, intraduodenal in-
fusions of whey protein hydrolysate (WPH) over 60 min 
resulted in significant treatment × time interactions with 
plasma CCK, GLP-1, GIP, glucagon, insulin and glucose 
 [41] . When lean and obese subjects in the same study were 
compared, CCK, GLP-1 and glucagon AUCs did not differ; 
however, GIP AUC was significantly lower in obese than 
in lean subjects and insulin was higher in obese compared 
to lean subjects. The author’s speculated that even in the 
healthy obese people, the insulin-incretin axis may be af-
fected early since the GLP-1 response was similar in both 
lean and obese participants while the GIP response was 
diminished. In contrast, Mortensen et al.  [10]  found GIP 
incremental AUC (iAUC) to be significantly lower at both 
60 and 120 min for the WPH compared to the WPI. How-
ever, GLP-1 and glucagon were both higher at 30 min post-
prandial for the WPH than WPI. Power-Grant et al.  [25] , 
in an in vitro study, noted that intact whey protein stimu-
lated GLP-1 secretion compared to control (p < 0.05), with 
no significant effect seen for WPH.

  Dipeptidyl Peptidase-IV Inhibitors 
 Whey-derived amino acids and peptides have the abil-

ity to inhibit the action of dipeptidyl peptidase-IV (DPP-
IV)  [23, 25] . DPP-IV rapidly degrades GIP and is respon-
sible for over 95% of the rapid degradation and inactiva-
tion of GLP-1  [42–44] . Mannucci et al.  [45]  found that 
DPP-IV levels are inversely correlated with age and posi-
tively correlate with HbA1c, but remain unaffected by 
BMI. DPP-IV activity is positively correlated with hyper-
glycemia, as measured by HbA1c, in patients with both 
type 1 DM and T2DM. Levels of DPP-IV were found to 
be significantly higher in patients with HbA1c >8.5% 
compared with patients who had impaired glucose toler-
ance (IGT) or normal glucose tolerance (NGT). Patients 
with mild hyperglycemia did not have significant increas-
es in DPP-IV activity compared to patients with IGT or 
NGT. While DPP-IV activity is known to reduce levels of 
GIP and GLP-1, Mannucci et al.  [45]  asserts that it cannot 
be assumed that this is the mechanism by which DPP-IV 
levels are correlated to HbA1c, as the correlation was also 
found in type 1 DM patients whose dysfunctional β-cells 
do not secrete insulin. Study results showed that increased 

DPP-IV activity only occurs in times of significant hyper-
glycemia. As such, the decrease in GLP-1 response may 
be due to decreased release of the incretin hormones in 
the early stages of diabetes. However, the exact mecha-
nism of action (MoA) remains unclear.

  Silveira et al.  [46]  determined that for whey protein to 
inhibit DPP-IV activity, peptides must be hydrolyzed 
through either in vitro hydrolysis or in vivo digestion. 
Undigested whey protein does not appear to inhibit 
 DPP-IV activity. However, the type of hydrolysis, more 
specifically the type of protease used in hydrolysis, affects 
the DPP-IV inhibitory activity.

  Hydrolysis of whey protein by pepsin and trypsin re-
sults in a release of peptides that inhibit DPP-IV in in vi-
tro and in vivo models  [22, 23, 46] . Silveira et al.  [46]  
found peptides derived from the β-lactoglobulin fractions 
of whey protein hydrolyzed by trypsin inhibit DPP-IV. In 
another in vitro study, trypsin-treated β-lactoglobulin 
dose-dependently significantly decreased DPP-IV activ-
ity; however, β-lactoglobulin ingestion that was not tryp-
sin-treated had no effect  [47] . A more recent in vitro 
study by Power-Grant et al.  [25]  reported that the effec-
tiveness of whey hydrolysates on DPP-IV inhibition in-
creased with higher degrees of hydrolysis. Whey hydro-
lysis of both 32% (DH32) and 45% (DH45) were signifi-
cantly more potent than non-hydrolyzed WPC in 
decreasing DPP-IV activity. The results of the inhibitory 
concentrations of the hydrolysates were similar to previ-
ous studies  [22, 48, 49] . In a mouse model, trypsin-hydro-
lyzed β-lactoglobulin was also found to lower blood glu-
cose  [42] .

  Hydrolyzed versus Intact Whey 

 Studies comparing protein hydrolysates with intact 
proteins have predominantly found hydrolyzing protein 
results in an improved glycemic response in healthy and 
T2DM subjects. Nongonierma et al.  [24]  tested 3 different 
WPHs against intact whey proteins to determine their in-
sulinotropic properties in the presence of glucose using 
BRIN-BD11 pancreatic beta cells. Results showed signifi-
cantly elevated insulin secretion values for the WPHs 
compared to the intact whey. Likewise, the authors found 
lower free amino acids correlated with a decrease in insu-
lin secretion. The WPH inducing the highest increase in 
insulin secretion had a significant amount of BCAAs. 
However, when the WPH-1 was fractionated, 2 fractions 
(Strata-X and 2 kDa permeate) had significantly higher 
free amino acids, but only resulted in a moderate insulin 
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response. Researchers concluded that the insulinotropic 
properties of WPHs may be correlated not only with free 
amino acids, but also available peptides. In an earlier 
study, Mortensen et al.  [10]  noted that a WPH that in-
creased serum insulin at both 30 and 480 min postpran-
dial contained a significant portion of di- and tri-pep-
tides. The authors asserted that whey protein could be 
used as a ‘potential nutritional protein source(s) to im-
prove glucose homeostasis’ and that WPI and WPH may 
have ‘nutraceutical benefits in the treatment of T2DM, 
especially in long-term diabetes where the glucose-sens-
ing capacity of the pancreatic β-cells is reduced’.

  Power-Grant et al.  [25]  assessed intact whey protein 
versus whey protein ingredients at 32% hydrolysis (DH32) 
and 45% hydrolysis (DH45) on the insulin response. 
DH32, with higher concentrations of free arginine and 
lysine, amino acids previously shown to significantly in-
crease insulin secretion, had an insulinotropic effect in 
vitro. The author’s suggest the insulinotropic effects 
while, as yet unknown, are not solely tied to the degree of 
hydrolysis, but may instead be related to the presence of 
insulinotropic amino acids or peptides.

  Insulinotropic Effects of Whey 

 Insulinotropic Effects of Whey Protein: Acute Care 
 Insulin resistance and hyperglycemia are common in 

the acute care setting and significantly increase the risk of 
complications and death  [11] . Perrone et al.  [12]  exam-
ined the effect of a whey and carbohydrate (14 and 84%, 
respectively) beverage on the acute phase response and 
insulin resistance after a scheduled cholecystectomy or 
inguinal herniography. The results showed an improved 
acute phase response to the trauma with significantly 
lower postoperative C-reactive protein and, while albu-
min dropped in both groups, only the control group’s de-
crease was significant. Mean changes between preopera-
tive and postoperative HOMA-IR (control: 4.8 ± 1.1, 
whey/CHO: –2.5 ± 1.5; p = 0.001), insulin (control: 15.5 ± 
3.8, whey/CHO: –8.8 ± 4.6; p < 0.00) and glycemia (con-
trol: 30.0 ± 7.3, whey/CHO: 1.6 ± 12.1; p = 0.036) were all 
significantly lower in the group receiving the whey and 
carbohydrate beverage.

  In a study by de Aguilar-Nascimento et al.  [13],  the ef-
fect of whey protein on the acute phase response in el-
derly patients after an acute ischemic stroke was evalu-
ated. Patients were randomized to a standard hydrolyzed 
casein-based enteral formula or an isocaloric and isoni-
trogenous formula made of hydrolyzed whey protein. 

Glucose changes were not significant between groups or 
within groups between day 1 and 5. However, glucose 
tended to increase in the whey group from 132 ± 19 mg/
dl at day 1 to 139 ± 18 mg/dl on day 5, while the casein 
group increased from 148 mg/dl on day 1 to 214 ± 43 mg/
dl on day 5.

  Kaido et al.  [14]  evaluated the effect of hydrolyzed whey 
protein in an immunomodulating diet (IMD) compared to 
a traditional elemental diet in the first 24 h after a live donor 
liver transplant in 76 adult patients. Fasting blood glucose 
at postoperative day 7, a secondary end point, was signifi-
cantly less in the hydrolyzed whey-enriched IMD group 
compared to control (125 ± 30 vs. 145 ± 36, p = 0.005).

  Insulinotropic Effects of Whey: Type 2 Diabetes 
 Whey protein administration both as a preload and 

with a meal resulted in significant insulinotropic effects 
and reductions in glycemia. Frid et al.  [8]  studied the ef-
fect of whey protein on the postprandial glucose and in-
sulin response in subjects diagnosed with T2DM. Sub-
jects were given a high glycemic index breakfast and 
lunch with 27.6 g whey protein added to the meals one 
day and, alternatively, ham and lactose were added on 
another day (protein and lactose levels were matched at 
meals). At 180 min postprandial, glucose AUC was sig-
nificantly lower and insulin AUC and GIP were signifi-
cantly higher post whey ingestion. Also, a significant 
treatment × time response for serum insulin incremental 
change was found in the test meal group through 60 min 
for the breakfast and lunch meals.

  Ma et al.  [9, 28]  conducted 2 trials on type 2 diabetics 
using protein preloads to assess gastric emptying, the incre-
tin response and the effect on postprandial glycemia. In the 
first study  [9] , 55 g of whey protein was either given as a 
preload or with a meal. Gastric emptying was significantly 
slower when whey was added either as a preload or with the 
meal compared to the control. The iAUC for serum glucose 
was lower for both whey preload (363.7 mmol/min) and 
whey in meal (406.3 mmol/min) compared with no whey 
(734.9 mmol/min, p < 0.005 for both). The AUC for insulin, 
GLP-1, GIP and CCK were significantly greater. Ma et al. 
 [28]  decreased the preload to 25 g of whey in a second study 
and found significantly decreased postprandial blood glu-
cose, peak blood glucose and gastric emptying compared to 
placebo. These results persisted after 4 weeks of whey pre-
load prior to each of the 3 main meals, though peak blood 
glucose reduction was no longer significant. Interestingly, 
despite the additional calories from the added whey, energy 
intake and BMI did not differ between the 2 groups at base-
line or after 4 weeks of whey supplementation.
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  Hydrolysis of whey protein may have further positive 
effects in the management of T2DM. Gaudel et al.  [20]  
investigated the effect of WPH on glucose-induced insu-
lin secretion in a pancreatic beta-cell line over 8 weeks in 
mice. WPH improved blood glucose clearance, decreased 
hyperinsulinemia and increased beta-cell secretion of in-
sulin in the ob/ob mice. The study concluded that WPH 
may be useful in patients with insulin resistance or T2DM. 
Another study in adult men with T2DM concurred with 
their conclusion finding that patients who received 
0.4 g/ kg WPH did not experience the significant rise in 
blood glucose typically seen postprandial in patients with 
T2DM, an effect they attributed to continuous delivery of 
glucose into the cells induced by the elevated insulin lev-
els  [21] . Preloads of 0.2 g/kg WPH and 0.4 g WPI resulted 
in postprandial glucose and insulin changes similar to 
those found in pre-diabetic patients, while 0.4 g/kg WPH 
dose patients experienced changes in blood glucose and 
insulin levels that were comparable to those seen in non-
diabetic subjects after an OGTT.

  Currently, orally administered inhibitors of DPP-IV, 
gliptins, are used in pharmacotherapy for the treatment 
of T2DM to lower fasting and postprandial blood glucose 
 [49, 50] . Gliptins stimulate insulin secretion when blood 
glucose is elevated, helping reduce weight gain and hy-
perglycemia  [49, 51] . When WPH was combined with si-
tagliptin, whey protein further enhanced the effect of the 
gliptin as a DPP-IV inhibitor in vitro  [49] . The same 
study also found WPH independently inhibited DPP-IV 
activity, though the effect was less potent than the com-
bined therapy. A combined therapy that included a pre-
load of 25 g WPI 60 min post administration of another 
gliptin – vildagliptin – in patients with T2DM on metfor-
min resulted in significant increases in the levels of GIP, 
GLP-1 and decreases in postprandial glycemia and slow-
er gastric emptying  [52] . The study also tested WPI pre-
loads again in the same patients on metformin without 
vildagliptin and found significant reductions in the glyce-
mic peak, increased insulin and total and intact GLP-1 
and GIP compared to control.

  Conclusion 

 A growing body of evidence supports the insulinotro-
pic effects of whey protein. Studies employ differing de-
livery methods (i.e., preload, as a stand-alone supple-
ment, with a meal), varying doses (4.5 to over 50 g) and 
forms (i.e., concentrate, isolate, hydrolysate, etc.) of whey 
protein. While varying methodologies have yielded in-

consistent results regarding the degree of the insulinotro-
pic effect and subsequent glycemic response, the majority 
of data support the addition of whey protein to the diet 
for an improved glycemic response in patients with acute 
and chronic hyperglycemia. However, before whey sup-
plementation becomes standard clinical practice, addi-
tional research should focus on long-term trials where 
HbA1c can be observed to understand the impact of 
whey’s insulinotropic effects on glycemia over time. The 
ability of whey to increase insulin without increasing ad-
ipose tissue deposition is also not yet understood.

  There is limited research to suggest whether whey pro-
vided as a preload or with a meal would have had a great-
er effect on postprandial glycemia. As whey protein is 
available in a variety of forms, increased data on the forms 
(WPC, WPI, WPH, etc.) and doses of whey are needed. 
In addition, no studies were found that considered differ-
ent methods of hydrolysis (microbial versus enzymatic 
and the type of enzyme used). Finally, in order to be trans-
latable, research should also focus on palatable doses of 
whey – noting that hydrolysis certainly affects the taste of 
whey protein.

  While research is still needed, there appears to be sig-
nificant potential for the use of whey protein as a preven-
tative measure in individuals who are at risk of develop-
ing T2DM. Also, whey could function as an adjunctive or 
stand-alone therapy for the treatment of acute and chron-
ic hyperglycemia, as whey protein is a low-cost and low-
risk option. While the long-term use of whey protein in 
the management of hyperglycemia requires further study, 
clinicians should begin investigating ways to incorporate 
whey into their current practices to help prevent or treat 
T2DM and manage acute hyperglycemia.

  Disclosure Statement 

 The author has nothing to disclose.

  Author’s Contributions 

 R.L.A. was responsible for the literature review and develop-
ment of the review. K.S.B. provided editorial feedback and assisted 
in outlining the review’s content.

  Acknowledgments 

 R.L.A. work was funded by Nestlé Health Sciences. However, 
the author has no financial interests or economic incentives per-
taining to the Nestlé Health Sciences. K.S.B. has nothing to disclose. 

D
ow

nl
oa

de
d 

by
: 

66
.1

82
.2

32
.1

98
 -

 8
/2

3/
20

16
 4

:4
8:

19
 P

M

salesso
Highlight



 Adams/Broughton Ann Nutr Metab 2016;69:56–63
DOI: 10.1159/000448665

62

 References 

  1 Hsieh CC, Hernandez-Ledesma B, Fernan-
dez-Tome S, Weinborn V, Barile D, de Moura 
Bell JM: Milk proteins, peptides, and oligosac-
charides: effects against the 21st century dis-
orders. Biomed Res Int 2015;   2015:   146840. 

  2 Jakubowicz D, Froy O: Biochemical and met-
abolic mechanisms by which dietary whey 
protein may combat obesity and type 2 diabe-
tes. J Nutr Biochem 2013;   24:   1–5. 

  3 McGregor RA, Poppitt SD: Milk protein for 
improved metabolic health: a review of the 
evidence. Nutr Metab (Lond) 2013;   10:   46. 

  4 Sousa GT, Lira FS, Rosa JC, de Oliveira EP, 
Oyama LM, Santos RV, Pimentel GD: Dietary 
whey protein lessens several risk factors for 
metabolic diseases: a review. Lipids Health 
Dis 2012;   11:   67. 

  5 Pal S, Ellis V, Dhaliwal S: Effects of whey pro-
tein isolate on body composition, lipids, insu-
lin and glucose in overweight and obese indi-
viduals. Br J Nutr 2010;   104:   716–723. 

  6 Pal S, Radavelli-Bagatini S: The effects of 
whey protein on cardiometabolic risk factors. 
Obes Rev 2013;   14:   324–343. 

  7 Marathe CS, Rayner CK, Jones KL, Horowitz 
M: Relationships between gastric emptying, 
postprandial glycemia, and incretin hor-
mones. Diabetes Care 2013;   36:   1396–1405. 

  8 Frid AH, Nilsson M, Holst JJ, Bjorck IM: Ef-
fect of whey on blood glucose and insulin re-
sponses to composite breakfast and lunch 
meals in type 2 diabetic subjects. Am J Clin 
Nutr 2005;   82:   69–75. 

  9 Ma J, Stevens JE, Cukier K, Maddox AF, Wis-
hart JM, Jones KL, Clifton PM, Horowitz M, 
Rayner CK: Effects of a protein preload on gas-
tric emptying, glycemia, and gut hormones af-
ter a carbohydrate meal in diet-controlled type 
2 diabetes. Diabetes Care 2009;   32:   1600–1602. 

 10 Mortensen LS, Holmer-Jensen J, Hartvigsen 
ML, Jensen VK, Astrup A, de Vrese M, Holst 
JJ, Thomsen C, Hermansen K: Effects of dif-
ferent fractions of whey protein on postpran-
dial lipid and hormone responses in type 2 
diabetes. Eur J Clin Nutr 2012;   66:   799–805. 

 11 NICE-SUGAR Study Investigators, Finfer S, 
Liu B, Chittock DR, Norton R, Myburgh JA, 
McArthur C, Mitchell I, Foster D, Dhingra V, 
et al: Hypoglycemia and risk of death in criti-
cally ill patients. N Engl J Med 2012;   367:  
 1108–1118. 

 12 Perrone F, da-Silva-Filho AC, Adôrno IF, 
Anabuki NT, Leal FS, Colombo T, da Silva BD, 
Dock-Nascimento DB, Damião A, de Aguilar-
Nascimento JE: Effects of preoperative feeding 
with a whey protein plus carbohydrate drink 
on the acute phase response and insulin resis-
tance. A randomized trial. Nutr J 2011;   10:   66. 

 13 de Aguilar-Nascimento JE, Prado Silveira BR, 
Dock-Nascimento DB: Early enteral nutrition 
with whey protein or casein in elderly patients 
with acute ischemic stroke: a double-blind 
randomized trial. Nutrition 2011;   27:   440–444. 

 14 Kaido T, Ogura Y, Ogawa K, Hata K, Yoshiza-
wa A, Yagi S, Uemoto S: Effects of post-trans-

plant enteral nutrition with an immunomod-
ulating diet containing hydrolyzed whey pep-
tide after liver transplantation. World J Surg 
2012;   36:   1666–1671. 

 15 Madureira AR, Tavares T, Gomes AM, Pin-
tado ME, Malcata FX: Invited review: physi-
ological properties of bioactive peptides ob-
tained from whey proteins. J Dairy Sci 2010;  
 93:   437–455. 

 16 Bendtsen LQ, Lorenzen JK, Bendsen NT, Ras-
mussen C, Astrup A: Effect of dairy proteins 
on appetite, energy expenditure, body weight, 
and composition: a review of the evidence 
from controlled clinical trials. Adv Nutr 2013;  
 4:   418–438. 

 17 Haraguchi FK, Pedrosa ML, Paula HD, Santos 
RC, Silva ME: Evaluation of biological and 
biochemical quality of whey protein. J Med 
Food 2010;   13:   1505–1509. 

 18 Krissansen GW: Emerging health properties 
of whey proteins and their clinical implica-
tions. J Am Coll Nutr 2007;   26:   713S–723S. 

 19 Akhavan T, Luhovyy BL, Panahi S, Kubant R, 
Brown PH, Anderson GH: Mechanism of ac-
tion of pre-meal consumption of whey pro-
tein on glycemic control in young adults. J 
Nutr Biochem 2014;   25:   36–43. 

 20 Gaudel C, Nongonierma AB, Maher S, Flynn 
S, Krause M, Murray BA, Kelly PM, Baird 
AW, FitzGerald RJ, Newsholme P: A whey 
protein hydrolysate promotes insulinotropic 
activity in a clonal pancreatic β-cell line and 
enhances glycemic function in ob/ob mice. J 
Nutr 2013;   143:   1109–1114. 

 21 Goudarzi M, Madadlou A: Influence of whey 
protein and its hydrolysate on prehyperten-
sion and postprandial hyperglycaemia in 
adult men. Int Dairy J 2013;   33:   62–66. 

 22 Lacroix Isabelle ME, Li-Chan Eunice CY: 
Evaluation of the potential of dietary proteins 
as precursors of dipeptidyl peptidase (DPP)-
IV inhibitors by an in silico approach. J Funct 
Foods 2012;   4:   403–422. 

 23 Lacroix IM, Li-Chan EC: Isolation and char-
acterization of peptides with dipeptidyl pepti-
dase-IV inhibitory activity from pepsin-treat-
ed bovine whey proteins. Peptides 2014;   54:  
 39–48. 

 24 Nongonierma AB, Gaudel C, Murray BA, Fly-
nn S, Kelly PM, Newsholmeb P, FitzGerald 
RJ: Insulinotropic properties of whey protein 
hydrolysates and impact of peptide fraction-
ation on insulinotropic response. Int Dairy J 
2013;   32:   163–168. 

 25 Power-Grant O, Bruen C, Brennan L, Giblin 
L, Jakeman P, FitzGerald RJ: In vitro bioactive 
properties of intact and enzymatically hydro-
lysed whey protein: targeting the enteroinsu-
lar axis. Food Funct 2015;   6:   972–980. 

 26 Power O, Hallihan A, Jakeman P: Human in-
sulinotropic response to oral ingestion of na-
tive and hydrolysed whey protein. Amino Ac-
ids 2009;   37:   333–339. 

 27 Salehi A, Gunnerud U, Muhammed SJ, Ost-
man E, Holst JJ, Björck I, Rorsman P: The 

insulinogenic effect of whey protein is par-
tially mediated by a direct effect of amino ac-
ids and GIP on β-cells. Nutr Metab (Lond) 
2012;   9:   48. 

 28 Ma J, Jesudason DR, Stevens JE, Keogh JB, 
Jones KL, Clifton PM, Horowitz M, Rayner 
CK: Sustained effects of a protein ‘preload’ on 
glycaemia and gastric emptying over 4 weeks 
in patients with type 2 diabetes: a randomized 
clinical trial. Diabetes Res Clin Pract 2015;  
 108:e31–e34. 

 29 Nilsson M, Stenberg M, Frid AH, Holst JJ, 
Bjorck IM: Glycemia and insulinemia in 
healthy subjects after lactose-equivalent 
meals of milk and other food proteins: the role 
of plasma amino acids and incretins. Am J 
Clin Nutr 2004;   80:   1246–1253. 

 30 Stanstrup J, Schou SS, Holmer-Jensen J, Her-
mansen K, Dragsted LO: Whey protein delays 
gastric emptying and suppresses plasma fatty 
acids and their metabolites compared to ca-
sein, gluten, and fish protein. J Proteome Res 
2014;   13:   2396–2408. 

 31 Calbet JA, Holst JJ: Gastric emptying, gastric 
secretion and enterogastrone response after 
administration of milk proteins or their pep-
tide hydrolysates in humans. Eur J Nutr 2004;  
 43:   127–139. 

 32 Chang J, Rayner CK, Jones KL, Horowitz M: 
Diabetic gastroparesis and its impact on gly-
cemia. Endocrinol Metab Clin North Am 
2010;   39:   745–762. 

 33 Deane AM, Nguyen NQ, Stevens JE, Fraser 
RJ, Holloway RH, Besanko LK, Burgstad C, 
Jones KL, Chapman MJ, Rayner CK, Horow-
itz M: Endogenous glucagon-like peptide-1 
slows gastric emptying in healthy subjects, at-
tenuating postprandial glycemia. J Clin Endo-
crinol Metab 2010;   95:   215–221. 

 34 Forbes SC, McCargar L, Jelen P, Bell GJ: Dose 
response of whey protein isolate in addition 
to a typical mixed meal on blood amino acids 
and hormonal concentrations. Int J Sport 
Nutr Exerc Metab 2014;   24:   188–195. 

 35 Nauck MA, Heimesaat MM, Orskov C, Holst 
JJ, Ebert R, Creutzfeldt W: Preserved incretin 
activity of glucagon-like peptide 1 [7–36 am-
ide] but not of synthetic human gastric in-
hibitory polypeptide in patients with type-2 
diabetes mellitus. J Clin Invest 1993;   91:   301–
307. 

 36 Nathan DM, Buse JB, Davidson MB, Ferran-
nini E, Holman RR, Sherwin R, Zinman B; 
American Diabetes Association; European 
Association for Study of Diabetes: Medical 
management of hyperglycemia in type 2 dia-
betes: a consensus algorithm for the initia-
tion and adjustment of therapy: a consensus 
statement of the American diabetes associa-
tion and the European association for the 
study of diabetes. Diabetes Care 2009;   32:  
 193–203. 

 37 Holst JJ, Deacon CF: Is there a place for incre-
tin therapies in obesity and prediabetes? 
Trends Endocrinol Metab 2013;   24:   145–152. 

D
ow

nl
oa

de
d 

by
: 

66
.1

82
.2

32
.1

98
 -

 8
/2

3/
20

16
 4

:4
8:

19
 P

M



 Insulinotropic Effects of Whey Protein 
and Clinical Applications 

Ann Nutr Metab 2016;69:56–63
DOI: 10.1159/000448665

63

 38 Mentlein R: Therapeutic assessment of gluca-
gon-like peptide-1 agonists compared with 
dipeptidyl peptidase IV inhibitors as potential 
antidiabetic drugs. Expert Opin Investig 
Drugs 2005;   14:   57–64. 

 39 Nilsson M, Holst JJ, Bjorck IM: Metabolic ef-
fects of amino acid mixtures and whey protein 
in healthy subjects: studies using glucose-
equivalent drinks. Am J Clin Nutr 2007;   85:  
 996–1004. 

 40 Bohl M, Bjornshave A, Rasmussen KV, Schi-
oldan AG, Amer B, Larsen MK, Dalsgaard 
TK, Holst JJ, Herrmann A, O’Neill S, 
O’Driscoll L, Afman L, Jensen E, Chris-
tensen MM, Gregersen S, Hermansen K: 
Dairy proteins, dairy lipids, and postpran-
dial lipemia in persons with abdominal obe-
sity (DairyHealth): a 12-wk, randomized, 
parallel-controlled, double-blinded, diet in-
tervention study. Am J Clin Nutr 2015;   101:  
 870–878. 

 41 Hutchison AT, Feinle-Bisset C, Fitzgerald PC, 
Standfield S, Horowitz M, Clifton PM, 
 Luscombe-Marsh ND: Comparative effects of 
intraduodenal whey protein hydrolysate on 
antropyloroduodenal motility, gut hormones, 
glycemia, appetite, and energy intake in lean 
and obese men. Am J Clin Nutr 2015;   102:  
 1323–1331. 

 42 Tulipano G, Sibilia V, Caroli AM, Cocchi D: 
Whey proteins as source of dipeptidyl dipep-
tidase IV (dipeptidyl peptidase-4) inhibitors. 
Peptides 2011;   32:   835–838. 

 43 Hunziker D, Hennig M, Peters JU: Inhibitors 
of dipeptidyl peptidase IV – recent advances 
and structural views. Curr Top Med Chem 
2005;   5:   1623–1637. 

 44 McIntosh CH, Demuth HU, Pospisilik JA, 
Pederson R: Dipeptidyl peptidase IV inhibi-
tors: how do they work as new antidiabetic 
agents? Regul Pept 2005;   128:   159–165. 

 45 Mannucci E, Pala L, Ciani S, Bardini G, Pez-
zatini A, Sposato I, Cremasco F, Ognibene A, 
Rotella CM: Hyperglycaemia increases dipep-
tidyl peptidase IV activity in diabetes mellitus. 
Diabetologia 2005;   48:   1168–1172. 

 46 Silveira ST, Martínez-Maqueda D, Recio I, 
Hernández-Ledesma B: Dipeptidyl pepti-
dase-IV inhibitory peptides generated by 
tryptic hydrolysis of a whey protein concen-
trate rich in β-lactoglobulin. Food Chem 
2013;   141:   1072–1077. 

 47 Uchida M, Ohshiba Y, Mogami O: Novel di-
peptidyl peptidase-4-inhibiting peptide de-
rived from β-lactoglobulin. J Pharmacol Sci 
2011;   117:   63–66. 

 48 Power O, Jakeman P, FitzGerald RJ: Antioxi-
dative peptides: enzymatic production, in vi-

tro and in vivo antioxidant activity and poten-
tial applications of milk-derived antioxidative 
peptides. Amino Acids 2013;   44:   797–820. 

 49 Nongonierma AB, FitzGerald RJ: Dipeptidyl 
peptidase IV inhibitory properties of a whey 
protein hydrolysate: influence of fraction-
ation, stability to simulated gastrointestinal 
digestion and food–drug interaction. Int 
Dairy J 2013;   32:   33–39. 

 50 Inzucchi SE, Bergenstal RM, Buse JB, Dia-
mant M, Ferrannini E, Nauck M, Peters AL, 
Tsapas A, Wender R, Matthews DR;  American 
Diabetes Association (ADA); European Asso-
ciation for the Study of Diabetes (EASD): 
Management of hyperglycemia in type 2 dia-
betes: a patient-centered approach: position 
statement of the American diabetes associa-
tion (ADA) and the European association for 
the study of diabetes (EASD). Diabetes Care 
2012;   35:   1364–1379. 

 51 Scheen AJ: Pharmacokinetics of dipeptidyl- 
peptidase-4 inhibitors. Diabetes Obes Metab 
2010;   12:   648–658. 

 52 Wu T, Little TJ, Bound MJ, Borg M, Zhang 
X, Deacon CF, Horowitz M, Jones KL, 
Rayner CK: A protein preload enhances the 
glucose-lowering efficacy of vildagliptin in 
type 2 diabetes. Diabetes Care 2016;   39:   511–
517.   

D
ow

nl
oa

de
d 

by
: 

66
.1

82
.2

32
.1

98
 -

 8
/2

3/
20

16
 4

:4
8:

19
 P

M


