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BACKGROUND

Too Little, Too Late
At diagnosis, many patients with type 2 diabetes
mellitus (T2DM) will have had aberrant glucose
metabolism for over a decade.1,2 During this period the
disease may progress unchecked, leading to worsening
insulin resistance, β cell dysfunction and other
pathophysiologic abnormalities.3 Indeed, complications
associated with T2DM, such as cardiovascular disease,4
microalbuminuria,5 and retinopathy,6 have been
observed in people with impaired glucose metabolism
who did not meet the threshold for diagnosis of T2DM
(Table 1). Even prediabetes is characterized by maximal
or near-maximal insulin resistance and significant loss of
β-cell function.1

progression.8 These findings suggest that the optimal
approach should include early initiation of therapy
before significant loss of β cell function by using
therapies that potentially preserve β cell function. It has
recently been argued that guideline-recommended
pharmacologic therapy is a “treat-to-fail” approach that
is ineffective for advanced T2DM.3 Another approach is
to employ non-pharmacologic interventions, such as
medical nutrition therapy and lifestyle modifications, to
reverse glucose intolerance at earlier disease stages
before significant pathology has occurred.9

Figure 1. Progression of T2DM.2,10

Criteria for the diagnosis of diabetes and
7
prediabetes
Diabetes
A1C ≥6.5%
FPG≥126 mg/dL
2-hour OGTT ≥200 mg/dL
Hyperglycemic crisis*
Prediabetes
A1C from 5.7% to 6.4%
FPG 100 mg/dL to 125 mg/dL
(impaired fasting glucose)
2-hour OGTT 140 mg/dL to 199
mg/dL (impaired glucose
tolerance)
A1C, glycosylated hemoglobin A1c; FPG, fasting
plasma glucose; OGTT, oral glucose tolerance
test; in patients in hyperglycemic crisis, a random
plasma glucose value ≥200 mg/dL is considered
diagnostic.
Table 1. Criteria for the diagnosis of diabetes and prediabetes.7

A Shift of Perception
More than a decade ago, the focus of T2DM research
shifted towards understanding the timing and cell
biology of disease progression.1,2 From this research, two
main discoveries have the potential to change the
therapeutic approach to T2DM. First, T2DM is a disease
of progressive decline in β cell function that eventually
leads to β cell failure. This decline begins more than a
decade prior to diabetes diagnosis (Figure 1).1,2 Second,
the rate of β cell failure determines the rate of diabetes
progression and severity,1 and preservation of β cell
function, especially in the early stages, prevents disease

Insulin Resistance Drives Disease Progression
Glucose metabolism is precisely regulated in healthy
individuals. Fasting glucose typically remains between
70-100 mg/dl (3.9 and 5.6 mmol/L), and postprandial
increases in blood glucose levels rarely exceed 55 mg/dl
(3 mmol/L) above baseline.1 Under normal physiological
conditions, small increases in blood glucose stimulate
insulin secretion, and insulin enhances glucose uptake
by muscles and liver cells.
Inactivity and central obesity promote insulin resistance,
in which glucose uptake by muscles and liver may be
reduced by 85% to 90%,11 contributing to increased
blood glucose levels, also known as hyperglycemia. 10
Impaired glucose tolerance (IGT) is a condition of
hyperglycemia that is associated with insulin resistance.1
During the early stages of insulin resistance, pancreatic
β-cells respond to hyperglycemia by increasing insulin
secretion.12 At that stage, hyperinsulinemia is associated
with euglycemia. However this compensatory increase
in insulin secretion falls as the β-cell population becomes
depleted. These processes ultimately lead to chronic
hyperglycemia.

Glucose Toxicity and β Cell Preservation
The functional state of pancreatic β cells defines disease
stage and reversibility.1,8 Repeated and/or prolonged

exposure to higher-than-physiologic concentrations of
blood glucose causes desensitization of β cells, a
temporary physiologic state in which cells are refractory
to further stimulation by glucose. Chronic exposure to
hyperglycemia may cause β cell exhaustion in which
cells become unable to secrete insulin due to depletion of
intracellular stores.13 Both desensitization and
exhaustion of β cells are reversible states. If this
hyperglycemic situation continues it may lead to
irreversible cessation of insulin production and
ultimately to β cell death. The relationship between
hyperglycemia and β cell dysfunction and death
supports the rationale for initiation of β cell-preserving
interventions as soon as abnormalities in glucose
homeostasis are detected.13-15

healthy people,20 obese individuals,21,22 and patients with
T2DM.23-26 In fact, a high protein diet has the potential to
provide a greater decrease in A1C than would be
expected from pharmacologic therapy with metformin
or pioglitazone alone.19

The Value of Early Therapy
Several clinical trials have demonstrated a reduced risk
of progression to T2DM with lifestyle intervention in
patients with IGT.9,16-18 For instance, the landmark
Diabetes Prevention Program (DPP) compared lifestyle
intervention versus metformin therapy and placebo, in
3234 individuals diagnosed with IGT.9 The lifestyle
intervention group had a 58% reduction in conversion to
type 2 diabetes compared to the placebo group.9 The
patients who received monotherapy with metformin had
a 31% reduction in incidence of diabetes compared to
patients who received placebo. In other words, lifestyle
interventions were more effective than metformin for
reducing progression of IGT to T2DM.9

Managing Insulin Response with Dietary Protein
Two findings guided researchers to explore the value of
high-protein diet as a method for reducing
hyperglycemia in patients with T2DM.19 First, in nondiabetic people, ingestion of 50 g of lean beef did not
increase blood glucose levels; in people with diabetes,
ingesting lean beef resulted in a decreased level of blood
glucose. Second, when protein (lean beef) and glucose
were ingested together, the resultant blood glucose level
was lower compared to an identical amount of glucose
consumed without protein.19 In one study among
subjects with T2DM, investigators evaluated the impact
of reducing dietary carbohydrate by 15% (from 55% to
40% of total calories) and increasing dietary protein from
15% to 30% of total calories. The results showed a
significant (38%) decrease in postprandial blood glucose
and an increase in 24-hour insulin response.19 A1C also
decreased significantly from 8.1% to 7.3% over 5 weeks.
(Figure 2).19 In other studies, low carbohydrate and
higher protein diets improved glycemic control in

Figure 2. Change in A1C after 5 weeks of high- and moderate-protein
diets.27

Other Benefits of High Protein Diets
High protein diets provide many benefits to patients
with obesity and insulin resistance. Predominant among
these effects is the potential for weight loss.28-30 This
effect was demonstrated by a study that compared three
diets in overweight women (BMI >27kg/m2) with insulin
resistance: high carbohydrate, high fat, and high
protein.28 Though all three diets resulted in weight loss,
participants on the high-protein diet lost significantly
more weight (Figure 3).28 The high-protein group also
had a significant decrease in mean LDL cholesterol
levels.28 Another study comparing a standard protein
diet with a high-protein diet in obese women with
hyperinsulinemia revealed greater weight loss in the
high protein group (-4.1% of body weight versus 2.9%).29

Figure 3. Effect on BMI of three diets: high carbohydrate, high fat, and
high protein.28

Dietary protein content has also been demonstrated to
contribute to maintenance of weight loss. This
relationship was illustrated in a study of 773 obese

Change in Body Weight(kg)

adults (median BMI 34 kg/m2) who had lost weight
during a previous dietary intervention.31 Participants
were randomized to one of four diet groups: low
protein, low glycemic index (LPLGI); low protein, high
glycemic index (LPHGI); high protein, low glycemic
index (HPLGI); or high protein, high glycemic index
(PHHGI). All four experimental diets and the control,
had a fat content of 30%. While both low glycemic index
groups maintained weight loss better than the high
glycemic index groups, the HPLGI group was the only
group that sustained weight loss over the 26 weeks of
the study (Figure 4).31 In addition, significantly fewer
participants in the high protein groups dropped out of
the study compared with low protein and control
groups (26.4% and 25.6% versus 37.4%, P=0.02, P=0.01.
respectively), which the authors interpreted as a satiety
effect.31

Change in Body Weight (kg) for
Different Diets

in comparison to ~300 gm of muscle mass loss in nonediabetic individuals. Sufficient protein intake is
important in providing a sense of fullness, maintaining
weight reduction, and minimizing loss of lean body
mass. Guidelines recommend protein intake of at least
1.2 gm/kg of adjusted body weight per day for
overweight patients with type 2 diabetes or insulin
resistance.33
It is preferable to calculate protein intake in grams per
kilogram of body weight rather than calculating it as
percentage of total caloric intake. The reason is that diets
that are calorie restricted may provide a significantly
smaller amount of protein if protein is calculated as a
ratio of total energy intake and may result in protein
malnutrition and significant loss of lean muscle mass.
(Table 2) Patients with diabetes or insulin resistance
should not reduce protein intake to less than 1 gm/kg of
body weight. 34 Now, it is known that protein restriction
does not prevent the decline in glomerular filtration rate
or prevent proteinuria in patients with diabetes.35
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Figure 4. Change in body weight for 4 different diets and control
subjects.31

Loss of Total Muscle Mass (g/year)
Loss of Total Muscle Mass
(g/year)

 Dietary protein is sometimes
calculated as a percent of total
energy consumed in a diet
 This is not the preferred
Very Low
approach when providing
Low
guidance to patients
Moderately Low
 Dietary protein should be
Average
prescribed as grams per
Moderately High
kilogram of body weight and
High
should remain unchanged
under conditions of caloric
restriction because people with
diabetes are susceptible to
muscle protein loss
Table 2. Recommended protein intake for patients with T2DM.34
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Figure 5. Loss of muscle mass, gram/year, in people with and without
diabetes and with undiagnosed diabetes.

Protein - Getting It Right
Patients with diabetes are at risk for muscle mass loss
(Figure 5).32 Though the mechanism of muscle loss is not
completely understood, protein metabolism is known to
be reduced in T2DM and insulin resistance. 32 Patients
above age 40 with undiagnosed or poorly controlled
diabetes lose >400 gm of their lean muscle mass per year

Grams per
kilogram
body weight
<0.6
0.6-0.8
0.8-1
1-1.5
1.5-2
>2

Conclusions
Insulin resistance is the primary pathophysiologic defect
leading to T2DM. Early recognition and intervention
have the potential to prevent progression of diabetes
and the development of diabetes-related complications.
Lifestyle interventions have the potential to improve
glycemic control and slow disease progression. Protein
is an especially important dietary component for
patients who are obese, have diabetes, or are at risk for
diabetes. A higher level of dietary protein has been
shown to improve blood glucose, increase insulin
secretion, and reduce A1C in patients with T2DM. In
combination with a diet of low glycemic index
carbohydrates, increased protein consumption enhances
weight reduction and reduces fat mass.

References:
1. DeFronzo RA. Pathogenesis of type 2 diabetes mellitus. The Medical
clinics of North America 2004;88:787-835, ix.
2. Weir GC, Bonner-Weir S. Five stages of evolving beta-cell
dysfunction during progression to diabetes. Diabetes 2004;53 Suppl
3:S16-21.
3. DeFronzo RA, Eldor R, Abdul-Ghani M. Pathophysiologic approach
to therapy in patients with newly diagnosed type 2 diabetes. Diabetes
care 2013;36 Suppl 2:S127-38.
4. Barr EL, Zimmet PZ, Welborn TA, et al. Risk of cardiovascular and
all-cause mortality in individuals with diabetes mellitus, impaired
fasting glucose, and impaired glucose tolerance: the Australian
Diabetes, Obesity, and Lifestyle Study (AusDiab). Circulation
2007;116:151-7.
5. Suzuki H, Fukushima M, Usami M, et al. IGT with fasting
hyperglycemia is more strongly associated with microalbuminuria
than IGT without fasting hyperglycemia. Diabetes research and clinical
practice 2004;64:213-9.
6. Wong TY, Liew G, Tapp RJ, et al. Relation between fasting glucose
and retinopathy for diagnosis of diabetes: three population-based
cross-sectional studies. Lancet 2008;371:736-43.
7. American Diabetes A. Standards of medical care in diabetes--2014.
Diabetes care 2014;37 Suppl 1:S14-80.
8. DeFronzo RA, Abdul-Ghani MA. Preservation of beta-cell function:
the key to diabetes prevention. The Journal of clinical endocrinology
and metabolism 2011;96:2354-66.
9. Knowler WC, Barrett-Connor E, Fowler SE, et al. Reduction in the
incidence of type 2 diabetes with lifestyle intervention or metformin.
The New England journal of medicine 2002;346:393-403.
10. Tabak AG, Herder C, Rathmann W, Brunner EJ, Kivimaki M.
Prediabetes: a high-risk state for diabetes development. Lancet
2012;379:2279-90.
11. Bergman M. Pathophysiology of prediabetes and treatment
implications for the prevention of type 2 diabetes mellitus. Endocrine
2013;43:504-13.
12. Defronzo RA. Banting Lecture. From the triumvirate to the
ominous octet: a new paradigm for the treatment of type 2 diabetes
mellitus. Diabetes 2009;58:773-95.
13. Robertson RP, Harmon J, Tran PO, Tanaka Y, Takahashi H. Glucose
toxicity in beta-cells: type 2 diabetes, good radicals gone bad, and the
glutathione connection. Diabetes 2003;52:581-7.
14. Pratley RE. The early treatment of type 2 diabetes. The American
journal of medicine 2013;126:S2-9.
15.
Kaneto H, Matsuoka TA. Involvement of oxidative stress in
suppression of insulin biosynthesis under diabetic conditions.
International journal of molecular sciences 2012;13:13680-90.
16. Diabetes Prevention Program Research G, Knowler WC, Fowler SE,
et al. 10-year follow-up of diabetes incidence and weight loss in the
Diabetes Prevention Program Outcomes Study. Lancet 2009;374:167786.
17. Ramachandran A, Snehalatha C, Mary S, et al. The Indian Diabetes
Prevention Programme shows that lifestyle modification and
metformin prevent type 2 diabetes in Asian Indian subjects with
impaired glucose tolerance (IDPP-1). Diabetologia 2006;49:289-97.
18. Tuomilehto J, Lindstrom J, Eriksson JG, et al. Prevention of type 2
diabetes mellitus by changes in lifestyle among subjects with impaired
glucose tolerance. The New England journal of medicine
2001;344:1343-50.
19. Nuttall FQ, Gannon MC. Metabolic response of people with type 2
diabetes to a high protein diet. Nutrition & metabolism 2004;1:6.
20. Krezowski PA, Nuttall FQ, Gannon MC, Bartosh NH. The effect of
protein ingestion on the metabolic response to oral glucose in normal
individuals. The American journal of clinical nutrition 1986;44:847-56.

21. Samaha FF, Iqbal N, Seshadri P, et al. A low-carbohydrate as
compared with a low-fat diet in severe obesity. The New England
journal of medicine 2003;348:2074-81.
22. Lasker DA, Evans EM, Layman DK. Moderate carbohydrate,
moderate protein weight loss diet reduces cardiovascular disease risk
compared to high carbohydrate, low protein diet in obese adults: A
randomized clinical trial. Nutrition & metabolism 2008;5:30.
23. Gannon MC, Nuttall JA, Damberg G, Gupta V, Nuttall FQ. Effect of
protein ingestion on the glucose appearance rate in people with type 2
diabetes. The Journal of clinical endocrinology and metabolism
2001;86:1040-7.
24. Gannon MC, Nuttall FQ, Saeed A, Jordan K, Hoover H. An increase
in dietary protein improves the blood glucose response in persons with
type 2 diabetes. The American journal of clinical nutrition 2003;78:73441.
25. Parker B, Noakes M, Luscombe N, Clifton P. Effect of a highprotein, high-monounsaturated fat weight loss diet on glycemic
control and lipid levels in type 2 diabetes. Diabetes care 2002;25:425-30.
26. Layman DK, Clifton P, Gannon MC, Krauss RM, Nuttall FQ.
Protein in optimal health: heart disease and type 2 diabetes. The
American journal of clinical nutrition 2008;87:1571S-5S.
27. Gannon MC, Nuttall FQ. Effect of a high-protein, low-carbohydrate
diet on blood glucose control in people with type 2 diabetes. Diabetes
2004;53:2375-82.
28. McAuley KA, Hopkins CM, Smith KJ, et al. Comparison of high-fat
and high-protein diets with a high-carbohydrate diet in insulinresistant obese women. Diabetologia 2005;48:8-16.
29. Brinkworth GD, Noakes M, Keogh JB, Luscombe ND, Wittert GA,
Clifton PM. Long-term effects of a high-protein, low-carbohydrate diet
on weight control and cardiovascular risk markers in obese
hyperinsulinemic subjects. International journal of obesity and related
metabolic disorders : journal of the International Association for the
Study of Obesity 2004;28:661-70.
30. Buendia JR, Bradlee ML, Singer MR, Moore LL. Diets Higher in
Protein Predict Lower High Blood Pressure Risk in Framingham
Offspring Study Adults. American journal of hypertension 2014.
31. Larsen TM, Dalskov SM, van Baak M, et al. Diets with high or low
protein content and glycemic index for weight-loss maintenance. The
New England journal of medicine 2010;363:2102-13.
32. Park SW, Goodpaster BH, Lee JS, et al. Excessive loss of skeletal
muscle mass in older adults with type 2 diabetes. Diabetes care
2009;32:1993-7.
33. Center JD. Clinical nutrition guideline for overweight and obese
adults with type 2 diabetes, prediabetes or those at high risk for
developing type 2 diabetes. In: Joslin Diabetes Center; 2011:1-7.
34. Hamdy O, Horton ES. Protein content in diabetes nutrition plan.
Current diabetes reports 2011;11:111-9.
35. Pan Y, Guo LL, Jin HM. Low-protein diet for diabetic nephropathy:
a meta-analysis of randomized controlled trials. Am J Clin Nutr.
2008;88(3):660-666.

