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Diabetes with obesity—Is there an ideal diet?
 ■ ABSTRACT

For individuals who are overweight or obese, weight loss 
is effective in preventing and improving the management 
of type 2 diabetes. Together with other lifestyle factors 
like exercise and behavior modifi cation, diet plays a 
central role in achieving weight loss. Diets vary based on 
the type and amount of carbohydrate, fat, and protein 
consumed to meet daily caloric intake goals. A number 
of popular diets are reviewed as well as studies evaluat-
ing the effect of various diets on weight loss, diabetes, 
and cardiovascular risk factors. Current trends favor the 
low-carbohydrate, low-glycemic index, Mediterranean, 
and very-low-calorie diets. However, no optimal dietary 
strategy exists for patients with obesity and diabetes, and 
more research is needed. Given the wide range of dietary 
choices, the best diet is one that achieves the best adher-
ence based on the patient’s dietary preferences, energy 
needs, and health status. 

 ■ KEY POINTS
Weight loss in individuals who are obese has been shown 
to be effective in the prevention and management of type 
2 diabetes.

Diets vary based on the type and amount of carbohydrate, 
fat, and protein consumed to meet daily caloric intake 
goals.

Diets of equal caloric intake result in similar weight loss 
and glucose control regardless of the macronutrient 
content.

The metabolic status of the patient based on lipid profi les 
and renal and liver function is the main determinant for 
the macronutient composition of the diet.

A ccording to National Health and Nutri-
tion Examination Survey data, more than 
one-third of adults in the United States are 
obese and more than two-thirds of adults 

with type 2 diabetes mellitus (DM) are obese.1 In 
light of overall increased life expectancy, the Centers 
for Disease Control and Prevention estimates that 
adults in the United States have a 40% lifetime risk 
of developing diabetes, as diabetes and obesity remain 
at epidemic levels.2

Weight loss in individuals who are overweight 
or obese is effective in preventing type 2 DM and 
improving management of the disease.3,4 Dietary 
changes play a central role in achieving weight loss, 
as do other important lifestyle interventions such 
as exercise, behavior modifi cation, and pharmaco-
therapy. Achieving glycemic goals with diet alone is 
diffi cult, and for patients with DM who are also obese, 
it may be even more challenging.

Medical nutrition therapy, a term coined by the 
American Dietetic Association, describes an approach 
to treating medical conditions using specifi c diets. As 
developed and monitored by a physician and registered 
dietitian, diet can result in benefi cial outcomes and 
is a front-line approach for patients with noninsulin-
dependent diabetes.5 Medical nutrition therapy for 
patients with type 2 DM is most effective when used 
within 1 year of diagnosis and is associated with a 0.5% 
to 2% decrease in hemoglobin A1c (HbA1c) levels.6 
This article reviews the role of diet in managing patients 
with both type 2 DM and obesity. Several diets are pre-
sented including what is known about their effect on 
weight loss, glycemic control, and cardiovascular risk 
prevention in patients with diabetes and obesity.

 ■ WEIGHT LOSS AND DIET FOR PATIENTS 
WITH OBESITY AND DIABETES 

A person is overweight or obese if he or she weighs 
more than the ideal weight for their height as cal-
culated by the body mass index (BMI; weight in 
kg/height in meters squared). A BMI of 25 to 30 is 
overweight and a BMI of 30 or greater is obese.7 The 
recommended daily caloric intake for adults is based 
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on sex, age, and daily activity level and ranges from 
1,600 to 2,000 calories per day for women and 2,000 
to 2,600 calories per day for men. The lower end of 
the range is for sedentary adults, and the higher end is 
for active adults (walking 1.5 to 3 miles per day at 3 to 
4 miles per hour, in addition to independent living).8

According to the American Diabetes Association 
(ADA), weight loss requires reducing dietary intake 
by 500 to 750 calories per day, or roughly 1,200 to 
1,500 kcal/day for women and 1,500 to 1,800 kcal/day 
for men.3 For patients with obesity and type 2 DM, 
sustained, modest weight loss of 5% of initial body 
weight improves glycemic control and reduces the 
need for diabetes medications.9 Weight loss of greater 
than 5% body weight also improves lipid and blood 
pressure status in patients with obesity and diabetes, 
though ideally, patients are encouraged to achieve 
weight reduction of 7% or greater.10

Evidence of benefi ts from lifestyle 
and dietary modifi cations
The fact that patients with obesity and type 2 DM 
have increased risk of cardiovascular morbidity and 
mortality is well established.11 Multiple studies con-
sidered the effects of weight loss on cardiovascular 
morbidity and mortality. Our article focuses on 
dietary modifi cations, though most large, multicenter 
trials used both diet and increased physical activity to 
achieve weight loss. It is diffi cult to determine if diet 
or physical activity had the most effect on outcomes; 
however, results show that weight loss from dietary 
and other lifestyle interventions leads to change in 
outcomes. 

Look AHEAD (Action for Health in Diabetes) 
trial. This large, multicenter, randomized controlled 
trial evaluated the effect of weight loss on cardiovas-
cular morbidity and mortality in overweight or obese 
adults with type 2 DM. The 5,145 participants were 
assigned either to a long-term weight reduction inten-
sive lifestyle intervention of diet, physical activity, and 
behavior modifi cation or to usual care of support and 
education. At 1 year, the lifestyle intervention group 
had greater weight loss, improved fi tness, decreased 
number of diabetes medications, decreased blood 
pressure, and improved biomarkers of glucose and 
lipid control compared with the usual care group.12 No 
signifi cant reductions in cardiovascular morbidity and 
mortality were found, though an observational post 
hoc analysis of the Look AHEAD data suggested an 
association between the magnitude of weight loss and 
the incidence of cardiovascular disease.13

The diet portion of the intensive lifestyle inter-
vention consisted of self-selected, conventional 

foods while recording dietary intake during week 1. 
In week 2, patients weighing less than 114 kg (250 
lbs) restricted their intake to 1,200 to 1,500 kcal/
day, and patients weighing 114 kg or more restricted 
their intake to 1,500 to 1,800 kcal/day. Fewer than 
30% of calories were from fat, with less than 10% 
from saturated fat. During week 3 through week 9, 
meal replacement options and conventional foods 
were used to reach caloric goals. Participants then 
decreased the use of meal replacement and increased 
the use of conventional foods during week 20 through 
week 22.14

The mean weight loss for participants in the inten-
sive lifestyle intervention group was 8.6% compared 
with 0.7% in the support and education group (P < 
.001). HbA1c decreased by 0.7% in the intervention 
group compared with 0.1% the support and education 
group (P < .001).12

Finnish Diabetes Prevention Study. This study 
evaluated lifestyle changes in diet and physical activ-
ity in the prevention of type 2 DM in participants 
with impaired glucose intolerance. Participants (N = 
552) were randomly assigned to the control group or 
the intervention group where detailed instruction was 
provided to achieve weight loss of greater than 5%.15 
The dietary goals included fewer than 30% of total 
calories from fat, with fewer than 10% from saturated 
fat, increased fi ber consumption (15 g per 1,000 kcal), 
and physical activity of 30 minutes daily.15 During the 
trial (mean duration of follow-up 3.2 years), the risk 
of type 2 DM was reduced by 58% in the intervention 
group compared with the control group.15 

Diabetes Prevention Program Research Group. 
A landmark study by the Diabetes Prevention Pro-
gram Research Group randomized 3,234 participates 
with elevated plasma glucose levels to placebo, met-
formin, and lifestyle intervention arms.4 Those in the 
lifestyle intervention arm were educated about ways 
to achieve and maintain a 7% or greater reduction 
in body weight using a low-calorie, low-fat diet and 
moderate physical activity. Results based on a mean 
follow-up of 2.8 years found a 58% reduction in the 
incidence of diabetes for those in the lifestyle inter-
vention arm.4

 ■ DIETS AND THEIR EFFECTS ON OBESITY, 
DIABETES, AND CARDIOVASCULAR RISK

When patients seek consultation about diet, they fre-
quently ask about specifi c types of popular diets, not 
the very controlled diets employed in research stud-
ies. Dietary preferences are personal, so patients may 
have researched a particular diet or feel that they will 
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be more adherent if only 1 or 2 components of their 
meals are changed. There is no single optimal dietary 
strategy for patients with both obesity and type 2 DM. 
In general, diets are categorized based on the 3 basic 
macronutrients: carbohydrate, fat, and protein. We 
will review several popular diets, delineating content, 
effects on weight loss, glycemic control, and cardio-
vascular factors. 

 ■ LOW-CARBOHYDRATE DIET
Carbohydrates are organic compounds in food that 
include sugars and starches and are a source of energy 
for cells in the body and the brain in particular. The 
US Department of Agriculture Recommended Dietary 
Allowance of carbohydrate is 130 g per day minimum 
or 45% to 65% of total daily caloric intake.16 For a 
1,700-calorie diet, 130 g of carbohydrate is 30% of 
the total caloric intake; in a 1,200-calorie diet, it is 
43%.17 

In practice, the median intake of carbohydrates for 
US adults is much higher, at 220 to 330 g per day 
for men and 180 to 230 g per day for women.16 The 
ADA recommends that all Americans consume fewer 
refi ned carbohydrates and added sugars in favor of 
whole grains, legumes, vegetables, and fruit.18

Low-carbohydrate diets focus on reducing carbo-
hydrate intake with the thought that fewer carbo-
hydrates are better. However, the defi nition of a 
low-carbohydrate diet varies. In most studies, carbo-
hydrate intake was limited to less than 20 g to 120 

g daily or fewer than 4% to 45% of the total calo-
ries consumed.17,19 Intake of fat and total calories is 
unlimited, though unsaturated fats are preferred over 
saturated or trans fats.

Limiting the intake of disaccharide sugar in 
the form of sucrose and high-fructose corn syrup is 
endorsed because of concerns that these sugars are 
rapidly digested, absorbed, and fully metabolized. 
However, several randomized trials showed that sub-
stituting sucrose for equal amounts of other types of 
carbohydrates in individuals with type 2 DM showed 
no difference in glycemic response.20 The resulting 
conclusion is that the postprandial glycemic response 
is mainly driven by the amount rather than the type of 
carbohydrates. The consumption of sugar-sweetened 
beverages is associated with obesity and an increased 
risk of diabetes, attributed to the high caloric intake 
and decreased insulin sensitivity associated with 
these beverages.21

Of the 2 monosaccharides, glucose and fructose, 
that make up sucrose, fructose is metabolized in the 
liver. The rapid metabolism of fructose may lead to 
alterations in lipid metabolism and affect insulin sen-
sitivity.22 While the ADA does not advise against con-
suming fructose, it does advise limiting its use due to 
the caloric density of many foods containing fructose.

Multiple studies have investigated the effect of 
a low-carbohydrate diet on weight loss, glucose 
control, and cardiovascular risk, but comparing the 
results is diffi cult due to the varying defi nitions of a 
low-carbohydrate diet.

Low-carbohydrate diets are associated with rapid 
weight loss. A 6-month study of 31 patients with 
obesity and type 2 DM found a mean weight change 
of −11.4 kg (± 4 kg) in the low-carbohydrate group 
compared with −1.8 kg (± 3.8 kg) in the high-carbo-
hydrate control group, a loss maintained up to 1 
year.23 Another study of 88 patients with type 2 DM 
who consumed less than 40 g/day of carbohydrate had 
a weight loss of 7.2 kg over 12 months.24 Samaha et 
al25 compared a low-carbohydrate diet with a low-fat 
diet in 132 participants with obesity (mean BMI 43), 
of which 39% had diabetes and 43% had metabolic 
syndrome. Those in the low-carbohydrate diet group 
had signifi cantly more weight loss over a period of 
6 months (−5.8 kg mean, ± 8.6 kg standard devia-
tion [SD] vs −1.9 kg mean ± 4.2 kg SD, P = .002). 
However, at 1 year, there was no signifi cant difference 
in weight loss between groups. At 36 months, weight 
regain was 2.2 kg (SD 12.3 kg) less than baseline in 
the low-carbohydrate group compared with 4.3 kg 
(SD 12.2 kg) less than baseline in the low-fat group 

Summary: low-carbohydrate diet
Allows 50 to 100 g/day; < 40% calories from 
carbohydrates18,20

• Foods: higher in protein (meat, poultry, fi sh, shellfi sh, 
eggs, cheese, nuts, seeds); higher in fat (oils, butter, 
olives, avocados); low-carbohydrate vegetables 
(green salad, cucumber, broccoli, squash)

• Avoid: rice, pasta, bread
• Weight loss: rapid, 11.4 kg over 6 months reported24–27

• Hemoglobin A1c: reduced 1.4% in 6 months, 
or 0% to 2.2%18,24

• Cardiovascular: lower triglyceride, higher high-density 
lipoprotein cholesterol18

• Weight regain: rapid, 6 months
• Challenges: limits important nutrients; monitor lipids, 

renal function, protein intake
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(P = .071).25,26  On the other hand, a meta-analysis 
of 23 randomized trials involving 2,788 participants 
found no difference in weight loss at 6 months 
between those on a low-carbohydrate diet and those 
on a low-fat diet.19

With respect to glucose control, low-carbohydrate 
diets have been associated with a 1.4% (SD ± 1.1%)
decrease in HbA1c during a 6-month period in 31 
patients with obesity and type 2 DM.23 Another 
6-month study of 206 patients with obesity and dia-
betes comparing a low-carbohydrate diet with a low-
calorie diet found no signifi cant difference in HbA1c 
(−.48% vs −.24%, respectively) and a weight loss 
of 1.34 kg vs 3.77 kg, respectively (P < .001).27 The 
change in glycemic control did not persist over time, 
perhaps due to the weight regain associated with this 
diet. A meta-analysis concluded that HbA1c was 
reduced more in patients with type 2 DM randomized 
to a lower-carbohydrate diet compared with a higher-
carbohydrate diet (mean change from baseline 0% to 
−2.2%).17

No studies of the effects of a low-carbohydrate 
diet on overall cardiovascular morbidity or mortality 
exist. However, Kirk et al17 reported results of a low-
carbohydrate diet on cardiovascular risk factors such 
as lipid profi les and showed a signifi cant reduction in 
triglyceride levels but no effect on total cholesterol, 
high-density lipoprotein cholesterol (HDL-C), or 
low-density lipoprotein cholesterol (LDL-C) levels.

The ADA has reported that low-carbohydrate 
diets may be effective in the management of type 2 
DM in the short term. Caution is warranted because 
they could eliminate important sources of energy, 
fi ber, vitamins, and minerals. It is also important to 
monitor lipid profi le, renal function, and protein 
intake in certain patients, especially those with renal 
dysfunction.6

 ■ LOW-GLYCEMIC DIET
The glycemic index (GI) is a measure of the rise in 
plasma glucose 2 hours after ingesting carbohydrate in 
food compared with a reference food such as glucose 
that contains an equivalent amount of carbohydrate. 
The GI measures the postprandial response of differ-
ent carbohydrates: high-GI foods raise blood glucose 
more than medium- or low-GI foods.

Various factors affect the GI including the type of 
carbohydrate, fat content, protein content, and acid-
ity of the food consumed, as well as the rate of intesti-
nal reaction to the food. The faster the digestion of a 
food, the higher the GI. High-GI foods (> 70), such as 
those highly processed and with high starch content, 

produce higher peak glucose levels when compared 
with low-GI foods (< 55). Low-GI foods include len-
tils, beans, oats, and nonstarchy vegetables. 

Low-GI foods curb the large and rapid rise of blood 
glucose, insulin response, and glucagon inhibition 
that occur with high-GI foods. Many low-GI foods 
have high amounts of fi ber, which prolongs distention 
of the gastrointestinal tract, increases secretion of 
cholecystokinin and incretins, and extends statiety.28

In a meta-analysis of 19 randomized trials of over-
weight or obese patients (BMI > 25), a low-glycemic 
diet did not show weight loss when compared with an 
isocaloric control diet (mean difference −0.32 kg; 
95% confi dence interval [CI] −0.86 kg, 0.23 kg).29 
On the other hand, the effect on glycemic control is 
more pronounced. Another meta-analysis that 
included 11 studies of patients with DM who followed 
a low-glycemic diet for less than 3 months to over 
6 months showed that those who followed a low-
glycemic diet had a signifi cant reduction of HbA1c 
(6 studies had HbA1c as the primary outcome, 
HbA1c weighted mean difference  −0.5%; 95% CI, 
−0.8 to −0.2; P = .001). Five studies reported on 
parameters related to insulin action, and 1 showed 
increased sensitivity measured by euglycemic-hyper-
insulinemic clamp in a low-glycemic diet (glucose 
disposal 7.0 ± 1.3 mg glucose/kg/min) vs a high-glyce-
mic diet (4.8 mg glucose/kg/min ± 0.9, P < .001).28

There are no large trials of cardiovascular mortality 
or morbidity of low-glycemic diets, but some studies 
have included cardiovascular parameters. A random-
ized study of 210 patients with type 2 DM evaluated 
cardiovascular risk factors after 6 months of a low-
glycemic diet and high-glycemic diet. The low-glycemic 
diet group had an increase in HDL-C compared with 
the high-glycemic diet group (1.7 mg/dL; 95% CI, 0.8 

Summary: low-glycemic diet
Foods with glycemic index < 55

• Foods: whole wheat, rye, pita breads; oats, brown 
rice, couscous; muesli, bulgur; most fruits; nonstarchy 
vegatables

• Weight loss: none; −0.32 kg30

• Hemoglobin A1c: reduced 0.5%29

• Cardiovascular: undetermined
• Weight regain: undetermined
• Challenges: limits important nutrients; glycemic index 

varies with preparation and among individuals
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to 2.6 mg/dL vs −0.2 mg/dL; 95% CI, −0.9 to –0.5 
mg/dL, P = .005).30 Another crossover study of 20 
patients with type 2 DM on a low-glycemic diet over 
2 consecutive 24-day periods revealed a 53% reduc-
tion of the activity of plasminogen activator inhibi-
tor-1, a thrombolytic factor that increases plaque 
formation.31 Most studies were of short duration; thus, 
weight regain was not clearly established. 

The GI of low-GI foods differs based on the cook-
ing method, presence of other macronutrients, and 
metabolic variations among individuals. Low-glyce-
mic diets can reduce the intake of important dietary 
nutrients. The ADA notes that low-glycemic diets 
may provide only modest benefi t in controlling post-
prandial hyperglycemia.32 

 ■ LOW-FAT DIET
Low-fat diets have 30% or fewer calories from fat, 
approximately 50 g of fat for a 1,500 kcal/day. The 
intake of dietary fat and free fatty acids reduces insulin 
sensitivity and enhances hepatic glucose production 
contributing to hyperglycemia.33 The mechanisms by 
which dietary fat and fatty acids reduce insulin sen-
sitivity include modifi cations of the cell membrane 
composition, gene expression, and enzyme activity. 
Fatty acids also promote infl ammatory cytokines and 
induce endothelial dysfunction. The type of fat rather 
than its total amount plays a role in glycemic control 
and cardiovascular disease risk.32 

Different types of fats have different effects on 
metabolism. LDL-C is mostly derived from saturated 
fats.34 Consuming 2% of energy intake from trans fat 
substantially increases the risk of coronary heart dis-

ease.35 Though the ideal total amount of fat for people 
with diabetes is unknown, the amount consumed still 
has important consequences, especially since patients 
with type 2 DM are at risk for coronary artery disease. 
The Institute of Medicine states that fat intake of 
20% to 35% of energy is acceptable for all adults.16

Low-fat diets along with reduced caloric intake 
induce weight loss, but this cannot compete with 
the rapid weight loss that patients experience with 
the low-carbohydrate diet. This was shown in mul-
tiple studies including a meta-analysis of 5 random-
ized clinical trials of 447 patients with obesity who 
lost less weight in the low-fat diet group compared 
with low-carbohydrate diet group (weighted mean 
difference  −3.3 kg; 95% CI, −5.3 to −1.4 kg) at 6 
months.36 Interestingly, the difference between diets 
was nonexistent after 12 months (weighted mean dif-
ference  −1.0 kg; 95% CI, −3.5 to 1.5 kg), which 
may be due to weight regain in the low-carbohydrate 
diet group.36

Foster et al37 studied 307 participants with obesity 
assigned to a low-fat or low-carbohydrate diet. Both 
groups lost 11% in 1 year, and with regain, lost 7% from 
baseline at 2 years. There was no statistically signifi cant 
difference between groups during the 2 years, but there 
was a trend for more weight loss in the low-carbohy-
drate group in the fi rst 3 months (P = .019).37 

The low-fat diet has no to minimal improvement 
in glycemic control in patients with diabetes and 
obesity, regardless of the weight loss achieved. How-
ever, a low-fat diet is associated with some benefi cial 
effects on cardiovascular risks. Nordmann et al36 
found no difference in blood pressure between low-
carbohydrate and low-fat diets. The low-fat diet was 
associated with lower total cholesterol and LDL-C 
levels (weighted mean difference 5.4 mg/dL [0.14 
mmol/L]; 95% CI, 1.2 mg/dL to 10.1 mg/dL [0.03–0.26 
mmol/L]).36  Triglyceride and HDL-C levels were more 
favorably changed in the low-carbohydrate diet (for 
triglycerides, weighted mean difference  −22.1 mg/
dL [−0.25 mmol/L]; 95% CI, −38.1 to −5.3 mg/dL 
[−0.43 to −0.06 mmol/L]; and for HDL-C, weighted 
mean difference  4.6 mg/dL [0.12 mmol/L]; 95% CI, 
1.5 mg/dL to 8.1 mg/dL [0.04–0.21 mmol/L]).36

 ■ VERY-LOW-CALORIE DIET
Very-low-calorie diets provide 400 to 800 calories per 
day of high-quality protein and carbohydrate forti-
fi ed with vitamins, minerals, and trace elements.38 
Very-low-calorie diets promote quick weight loss and 
use commercial formulas, liquid shakes, and soups 
to replace all regular meals. This type of diet results 

Summary: low-fat diet
Allows < 30% calories from fat

• Foods: whole wheat, rye, pita breads; oats, brown 
rice, couscous; muesli, bulgur; most fruits; nonstarchy 
vegatables

• Avoid: saturated and trans fats
• Weight loss: 5.3 kg in 6 months,37 11% in 1 year38

• Hemoglobin A1c: minimal to none
• Cardiovascular: lower low-density lipoprotein cholesterol 

and triglyceride, higher high-density lipoprotein 
cholesterol37

• Weight regain: 4% at 2 years38

• Challenges: differentiating types of fat, avoiding 
saturated and trans fats
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in rapid weight loss without leading to electrolyte 
imbalances associated with starvation. It was widely 
promoted in the 1970s, but then lost some of its pop-
ularity due to concerns for patients’ safety and even 
death.39 For these reasons, individuals on very-low-
calorie diets should be closely monitored by a team of 
health professionals.

Saris et al38 reported results from 8 randomized 
clinical trials ranging from 10 to 32 patients with 
obesity comparing very-low-calorie diets with a low-
calorie diet of 800 to 1,200 calories a day. Over the 
fi rst 4 to 6 weeks, weight loss was between 1.4 kg and 
2.5 kg per week and was higher with the very-low-
calorie diet when compared with the low-calorie 
diet though not statistically signifi cant. Interestingly, 
when followed for 16 to 26 weeks, the difference 
in weight loss was again not statistically signifi cant 
with no trend for more weight loss in the very-low-
calorie diet group. Another meta-analysis looking at 
6 randomized clinical trials in patients with obesity 
showed that weight loss with very-low-calorie diets 
was statistically signifi cant when compared with low-
calorie diets (16.1% ± 1.6% vs 9.7% ± 2.4% weight 
loss over a period of 12.7 ± 6.4 weeks).39

In general, it is believed that when individuals lose 
a large amount of weight in a short period, a larger  
weight regain will occur, resulting in a higher weight 
than before the initial loss. This was refuted by Tsai 
et al,39 who found that long-term data (1 to 5 years) 
showed the percentage of weight regained is higher 
with a very-low-calorie diet (62%) vs a low-calorie 
diet (41%) but the overall weight lost remains supe-
rior with the very-low-calorie diet, though not statis-
tically signifi cant (6.3% ± 3.2% and 5.0% ± 4.0% loss 
of initial weight, respectively).

Toubro et al40 looked at 43 obese individuals who 
followed the very-low-calorie diet for 8 weeks com-
pared with 17 weeks of a conventional diet (1,200 
kcal/day) followed by a year of unrestricted calories, 
low-fat, high-carbohydrate diet or fi xed calorie group 
(1,800 kcal/day). The very-low-calorie diet group lost 
weight at a more rapid rate, but the rate had no effect 
on weight maintenance after 6 or 12 months. Inter-
estingly, the group that followed the “unrestricted 
calories, low-fat, high-carbohydrate diet” for a year 
maintained 13.2 kg (8.1 kg to 18.3 kg) of the initial 
13.8 kg (11.8 kg to 15.7 kg) weight loss, while the 
fi xed-calorie group maintained less weight loss (9.7 kg 
[6.1 kg to 13.3 kg]). Saris38 concluded that the rapid 
weight loss by very-low-calorie diet has better long-
term results when followed up with a program that 
includes nutritional education, behavioral therapy, 

and increased physical activity.
Very-low-calorie diets achieve glycemic control by 

reducing hepatic glucose output, increasing insulin 
action in the liver and peripheral tissues, and enhanc-
ing insulin secretion. These benefi ts occur soon after 
starting the diet, which suggests that caloric restric-
tion plays a critical role. A study at the University of 
Michigan showed that the use of very-low-calorie diets 
in addition to moderate-intensity exercise resulted in 
a reduction of HbA1c from 7.4% (± 1.3%) to 6.5% 
(± 1.2%) in 66 patients with established type 2 DM.41 
HbA1c of less than 7% occurred in 76% of patients 
with established diabetes and 100% of patients with 
newly diagnosed diabetes.41 Improvement in HbA1c 
over 12 weeks was associated with higher baseline 
HbA1c and greater reduction in BMI.41

Long-term cardiovascular risk reduction of very-
low-calorie diets is small. One study showed that serum 
total cholesterol decreased at 2 weeks but did not 
differ at 3 months from baseline.42 A large reduction 
was observed in serum triglycerides at 3 months (4.57 
mmol/L ± 1.0 mmol/L vs 2.18 mmol/L ± .26 mmol/L, 
P = .012) while HDL-C increased (0.96 mmol/L ± .06 
mmol/L vs 1.11 mmol/L ± .05 mmol/L, P = .009).42 
Blood pressure was also reduced in both systolic pres-
sure (152 mm Hg ± 6 mm Hg vs 133 mm Hg ± 3 mm 
Hg, P = .004) and diastolic pressure (92 mm Hg ± 3 
mm Hg vs 81 mm Hg ± 3 mm Hg, P = .007).42

Challenges with this diet include signifi cant weight 
regain and safety concerns for patients with obesity 
and type 2 DM, especially those who are taking insu-
lin, since this diet will lead to signifi cant rapid lower-
ing of insulin levels.38 Finally, very-low-calorie diets 
require a multidisciplinary approach with frequent 
health professional visits.

Summary: very-low-calorie diet
Provides 400 to 800 calories daily with meal replacements39

• Foods: meal replacements such as Optifast, SlimFast 
shakes

• Weight loss: 1.4 to 2.5 kg/week39; 16.1% over 12.7 
weeks40

• Hemoglobin A1c: reduced 0.9% over 12 weeks41

• Cardiovascular: little effect42

• Weight regain: 62% at 5 years40

• Challenges: close monitoring by professionals 
required; requires meal replacements; low adherence 
rate
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 ■ MEDITERRANEAN DIET
The Mediterranean diet focuses on the moderate 
ingestion of monounsaturated fats such as olive oil 
(30% to 40% of daily energy intake), legumes, fruits, 
vegetables, nuts, whole grains, fi sh, and moderate 
ingestion of wine. A study of 259 overweight (mean 
BMI 31.4) patients with diabetes found a mean 
weight loss of as much as 7.4 kg at a steady state after 
12 months.43 A systematic review of 5 randomized 
clinical trials of obese adults (N = 998) showed that 
sustained weight loss (up to 12 months) was greater in 
the Mediterranean diet compared with a low-fat diet 
(range of mean values: −4.1 to −10.1 kg vs 2.9 to 
−5.0 kg), but similar to a low-carbohydrate diet (4.1 
to −10.1 kg vs −4.7 to −7.7 kg).44

This diet also has a positive impact on glycemic 
control and has been shown to reduce the incidence 
of diabetes. Estruch et al45 conducted a randomized 
controlled trial on 772 adults at high risk for car-
diovascular disease, of which 421 had type 2 DM, 
assigned to Mediterranean diet supplemented either 
with extra-virgin olive oil or mixed nuts compared 
with a control group receiving advice on a low-fat 
diet. Their primary prevention trial, PREDIMED, 
looked mainly at the rate of total cardiovascular 
events (stroke, myocardial infarction, cardiovascu-
lar death); however, a subgroup analysis showed that 
the incidence of new-onset diabetes was reduced by 
52% with the Mediterranean diet compared with 
the control group after 4 years of follow-up. Multi-
variate-adjusted hazard ratios of diabetes were 0.49 
(0.25–0.97) and 0.48 (0.24–0.96) in the Mediter-
ranean diet supplemented with olive oil and nuts 

groups, respectively, compared with the control 
group. Intuitively, they also showed that the higher 
the adherence, the lower the incidence rate.46 This 
occurred despite no difference in weight loss between 
the groups and may indicate that the components 
of the diet itself could have anti-infl ammatory and 
antioxidative effects. Esposito et al47 showed that 
after 1 year of intervention in 215 patients with type 
2 DM, HbA1c was lower in those assigned to the 
Mediterranean diet vs those assigned to a low-fat 
diet (difference: −0.6%; 95% CI, −0.9 to −0.3). 
Similarly, in a 12-month trial, Elhayany et al43 found 
a signifi cant difference in the reduction in HbA1c 
in those on the Mediterranean diet compared with a 
low-fat diet (0.4%, P = .02).

Many studies have shown a benefi cial effect of the 
Mediterranean diet on cardiovascular health. Estruch 
et al45 showed that 772 patients (143 with type 2 DM) 
at high risk of cardiovascular disease who followed 
a Mediterranean diet with nuts for 3 months had a 
reduced systolic blood pressure of −7.1 mm Hg (CI, 
−10.0 mm Hg to −4.1 mm Hg) and reduced HDL-C 
ratio of −0.26 (CI, −0.42 to −0.10) compared with 
a low-fat diet. There was also a reduction in fasting 
plasma glucose of −.30 mmol/L (CI, −.58 mmol/L to 
−.01 mmol/L).45

 ■ PROTEIN-SPARING MODIFIED FAST
The protein-sparing modifi ed fast combines a very-
low-carbohydrate ketogenic diet and a very-low-
calorie diet. The initial 6-month phase consists of 
fewer than 800 calories a day followed by a gradual 
increase in calories over 6 months. Carbohydrate is 
restricted to 20 to 50 g/day during the initial phase, 
with protein intake of 1.2 to 1.5 g/kg of ideal body 
weight per day.48

One of the earlier studies on protein-sparing modi-
fi ed fast showed that weight loss was as high as 21 kg 
± 13 kg during the initial phase and 19 kg ± 13 kg 
during the refeeding phase.49 Weight regain is high: 
in the protein-sparing modifi ed fast, most patients 
return to their baseline weight in 5 years.50 

A study comparing 6 patients who were put on a 
protein-sparing modifi ed fast diet with 6 patients who 
underwent gastric bypass surgery showed that the 
mean steady-state plasma glucose fell from 377 mg/dL 
to 208 mg/dL (P < .008) and mean fasting insulin val-
ues fell from 31.0 to 17.0 μU/mL (P < .004).51 There 
were also changes in cardiovascular risk factors: mean 
HDL-C values increased from 33.8 mg/dL to 40.5 
mg/dL (P < .008), and factor VIII coagulant activ-
ity decreased from 194% to 140% (P < .005).51 Total 

Summary: Mediterranean diet
Focuses on 30% to 40% calories from monounsaturated fats

• Foods: olive oil, fresh fruits and vegetables, cereals, 
beans, nuts, seeds, limited dairy, limited eggs and red 
meat, wine moderately with meals

• Weight loss: 7.4 kg in 1 year43

• Hemoglobin A1c: reduced 0.4% to 0.6%43,47; lower 
incidence type 2 diabetes46

• Cardiovascular: systolic blood pressure reduced 7.1 
mm Hg; reduced high-density lipoprotein cholesterol 
ration of .2645

• Weight regain: less, 0.5 kg over 2 years44

• Challenges: slower weight loss but higher adherence 
rate
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cholesterol and LDL-C levels were also improved, but 
these changes were not always maintained at follow-
up visits.52

 ■ VEGETARIAN AND VEGAN DIETS
A vegetarian diet consists primarily of cereals, fruits, 
vegetables, legumes, and nuts and generally excludes 
animal foods and dairy products. Less restrictive veg-
etarian diets may include eggs and dairy products. 
A vegan diet is one of the most restrictive diets and 
excludes all types of animal products, including honey 
and processed foods. 

In 2013, Mishra et al53 conducted a randomized 
clinical trial of employees with obesity and type 2 
DM (N = 291) assigned to a low-fat vegan diet or no 
intervention for 18 weeks. Weight decreased in the 
low-fat vegan diet group compared with the control 
group (2.9 kg vs 0.06 kg, respectively, P < .001). Sta-
tistically signifi cant reductions in total cholesterol (8 
mg/dL vs 0.01 mg/dL, P < .01), LDL-C (8.1 mg/dL vs 
0.9 mg/dL, P < .01), and HbA1c (0.6% vs 0.08%, P 
< .01) occurred in the intervention group compared 
with the control group.53

Many studies of vegetarian and vegan diets have 
been of short duration and used a combination of 
low-fat and vegetarian or vegan diets on people that 
were not all considered obese. Research is limited for 
vegan and vegetarian diets, and not enough informa-

tion exists about the effects on glycemic control and 
cardiovascular risk. Vegan and vegetarian diets may 
reduce the intake of many essential nutrients. Vegans 
who exclude dairy products, for example, have low 
bone mineral density and higher risk of fractures due 
to inadequate intake of calcium.

 ■ HIGH-PROTEIN DIET
Amino acids contribute to glucose synthesis through 
gluconeogenesis and play a role in recycling of glucose 
carbon via the glucose-alanine cycle. High-protein 
diets include more than 30% of total energy intake 
from protein (112 g/day assuming 1,500 kcal/day).

Parker et al54 reported a weight loss of 5.2 kg ± 1.8 
kg in 12 weeks in 54 patients with obesity and type 
2 DM irrespective of a diet with high or low protein 
content. Women on a high-protein diet lost more 
total fat and abdominal fat compared with women on 
a low-protein diet. Total lean mass decreased in all 
patients irrespective of diet. 

Studies have shown that high-protein diets can 
improve glucose control. Ajala et al55 reviewed 20 
clinical trials of patients with type 2 DM randomized 
to various diets for more than 6 months. In the tri-
als that used a high-protein diet as an intervention, 
HbA1c levels decreased as much as 0.28% compared 
with the control diets (P < .001). A small study of 
8 men with untreated type 2 DM compared a high-
protein low-carbohydrate diet (nonketogenic, pro-
tein 30%, carbohydrate content 20%, fat 50%) with 
a control diet (protein 15%, carbohydrate 55%, fat 
30%).56 The high-protein low-carbohydrate diet 
group had lower HbA1c levels (7.6 mg/dL ± 0.3 mg/
dL vs 9.8 mg/dL ± 0.5 mg/dL) and mean 24-hour 
integrated serum glucose (126 mg/dL vs 198 mg/dL) 
compared with the control diet. Most of the studies 

Summary: protein-sparing modifi ed 
fast diet
Combines a very-low-carbohydrate ketogenic diet with a 
very-low-calorie diet

• Foods: low in carbohydrate, high-to-moderate protein 
intake, minimal fat, includes shakes and meal replace-
ment for low-calorie portion

• Weight loss: 21 kg (± 13 kg) initially, 19 kg (± 13 kg) 
refeeding49

• Hemoglobin A1c: mean plasma glucose from 377 to 
208 mg/dL; mean fasting glucose from 31 to 17 μU/mL51

• Cardiovascular: higher high-density lipoprotein 
cholesterol, lower low-density lipoprotein cholesterol 
and cholesterol; not maintained at 1 year51,52

• Weight regain: most return to baseline by 5 years50

• Challenges: close monitoring by professionals 
required; requires meal replacements; lower adherence 
rate

Summary: vegetarian and vegan diets
• Foods: fruits, vegetables, cereals, legumes, whole 

grains, nuts, soy, fi ber; vegan excludes all animal-
derived products including dairy, eggs, honey, 
processed foods

• Weight loss: 2.9-kg decrease53

• Hemoglobin A1c: reduced 0.6% (not statistically 
signifi cant)53

• Cardiovascular: minimal impact, if any53

• Weight regain: unknown
• Challenges: may lack important nutrients
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of high-protein diets have been small and of short 
duration, and have used a combination of macronu-
trients (high protein and low carbohydrate), limiting 
the ability to identify the dietary component that had 
the most effect. 

There are no studies evaluating cardiovascular out-
comes, but some studies have included cardiovascular 
risk factors such as LDL-C levels and body fat composi-
tion. Parker et al54 showed that women on a high-pro-
tein diet lost more total fat (5.3 kg vs 2.8 kg, P = .009) 
and abdominal fat (1.3 kg vs 0.7 kg, P = .006) compared 
with a low-protein diet. Interestingly, no difference in 
total fat and abdominal fat was found in men. LDL-C 
reduction was greater in a high-protein diet compared 
with a low-protein diet (5.7% vs 2.7%, P < .01).54 In 
a review by Ajala et al,55 the high-protein diet was the 
only diet that did not show a rise in HDL-C levels after 
interventions of more than 6 months.

The ADA does not recommend high-protein diets 
as a method for weight loss because the long-term 
effects are unknown. ADA recommendations include 
an individualized approach based on a patient’s car-
diometabolic risk and renal profi les. Protein content 
should be 0.8 g/kg to 1.0 g/kg of weight per day in 
patients with early chronic kidney disease, and 0.8 g/
kg of weight per day in patients with advanced kidney 
disease.6

 ■ COMPARISONS AMONG DIETS
Studies comparing diets have reached varying con-
clusions and have been limited by inconsistent diet 
defi nitions, small sample sizes, and high participant 
dropout rates. A meta-analysis conducted by Ajala 
et al55 included 20 randomized controlled trials that 
lasted 6 months or more with 3,073 individuals in 

the analysis. Low-carbohydrate, vegetarian, vegan, 
low-glycemic, high-fi ber, Mediterranean, and high-
protein diets were compared with low-fat, high-
glycemic, ADA, European Association for the Study 
of Diabetes, and low-protein diets as controls. The 
greatest weight loss occurred with the low-carbohy-
drate (−0.69 kg, P = .21) and Mediterranean diets 
(−1.84 kg, P < .001). Compared with the control 
diets, the greatest reductions in HbA1c were with the 
low-carbohydrate (−0.12%, P = .04), low-glycemic 
(−0.14%, P = .008), Mediterranean (−0.47%, P < 
.001), and high-protein diets (−0.28%, P < .001). 
HDL-C levels increased in all the diets except the 
high-protein diet.55

 ■ CONCLUSION
The optimal macronutrient intake for patients with 
obesity and type 2 DM is unknown. Diets with 
equivalent caloric intakes result in similar weight loss 
and glucose control regardless of the macronutrient 
contents. It is important that total caloric intake 
be appropriate for weight management and glucose 
control goals. The metabolic status of the patient as 
determined by lipid profi les, and renal and liver func-
tion is the main driver for the macronutrient compo-
sition of the diet.

Current trends favor the low-carbohydrate, low-
glycemic, Mediterranean, and low-caloric intake 
diets, though there is no evidence that one is best for 
weight loss and optimal glycemic control in patients 
with obesity and type 2 DM. Studies are limited by 
varying defi nitions, high dropout rates, and poor 
adherence. In addition, for many patients, weight 
regain often follows successful short-term weight loss, 
indicative of a low durability of results with many 
diet interventions. Medical nutrition therapy and a 
multidisciplinary lifestyle approach remain essential 
components in managing weight and type 2 DM. The 
ideal diet is one that achieves the best adherence 
when tailored to a patient’s preferences, energy needs, 
and health status.

 ■ REFERENCES
 1. Kramer H, Cao G, Dugas L, Luke A, Cooper R, Durazo-Arvizu R. 

Increasing BMI and waist circumference and prevalence of obesity 
among adults with type 2 diabetes: The National Health and Nutrition 
Examination Surveys. J Diabetes Complications 2010; 24:368–374.

 2. Centers for Disease Control and Prevention. Diabetes Report 
Card 2014. Atlanta, GA: Centers for Disease Control and Preven-
tion, US Dept of Health and Human Services; 2015.

 3. American Diabetes Association. Obesity management for the 
treatment of type 2 diabetes. Sec. 6. In: Standards of Medical Care 
in Diabetes—2016. Diabetes Care 2016; 39(suppl 1):S47–S51.

 4. Knowler WC, Barrett-Connor E, Fowler SE; Diabetes Preven-
tion Program Research Group. Reduction in the incidence of type 

Summary: high-protein diet
Includes > 30% calories from protein sources

• Foods: low-fat cottage cheese, cheese, tofu, red meat, 
chicken, peanut butter, fi sh, lentils

• Weight loss: 5.2 kg (±1.8 kg) in 12 weeks54

• Hemoglobin A1c: reduced 0.28%55

• Cardiovascular: lower low-density lipoprotein 
cholesterol, reduction in abdominal fat, no change in 
high-density lipoprotein cholesterol54

• Weight regain: unknown
• Challenges: must be individualized diet accounting for 

cardiometabolic risk and renal profi le

 on May 24, 2023. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/


CLEVELAND CLINIC JOURNAL OF MEDICINE         VOLUME 84 • SUPPLEMENT 1         JULY 2017    S13

SANDOUK AND LANSANG

2 diabetes with lifestyle intervention or metformin. N Engl J Med 
2002; 346:393–403.

 5. Franz MJ, Powers MA, Leontos C, et al. The evidence for medical 
nutrition therapy for type 1 and type 2 diabetes in adults. J Am Diet 
Assoc 2010; 110:1852–1889.

 6. American Diabetes Association. Introduction. In: Standards of 
Medical Care in Diabetes—2017. Diabetes Care 2017; 40(suppl 
1):S1–S2.

 7. Defi ning adult overweight and obesity. Centers for Disease Control 
and Prevention website. https://www.cdc.gov/obesity/adult/defi n-
ing.html. Updated June 16, 2016. Accessed June 26, 2017.

 8. Institute of Medicine. Dietary Reference Intakes for Energy, Car-
bohydrate, Fiber, Fat, Fatty acids, Cholesterol, Protein, and Amino 
Acids. Washington, DC: National Academy Press; 2002.

 9. American Diabetes Association. Lifestyle management. Sec. 4. In: 
Standards of Medical Care in Diabetes—2017. Diabetes Care 2017; 
40(suppl 1):S33–S43.

 10. American Diabetes Association. Obesity management for treat-
ment of type 2 diabetes. Sec. 7. In: Standards of Medical Care in 
Diabetes—2017. Diabetes Care 2017; 40(suppl 1):S57–S63.

 11. National Institutes of Health. Clinical guidelines on the identi-
fi cation, evaluation, and treatment of overweight and obesity in 
adults—the evidence report. Obes Res 1998; 6(suppl 2):51S–209S.

 12. Look AHEAD Research Group; Pi-Sunyer X, Blackburn G, 
Brancati FL, et al. Reduction in weight and cardiovascular disease 
risk factors in individuals with type 2 diabetes: one-year results of 
the look AHEAD trial. Diabetes Care 2007; 30:1374–1383.

 13. Look AHEAD Research Group; Gregg EW, Jakicic JM, Black-
burn G, et al. Association of the magnitude of weight loss and 
changes in physical fi tness with long-term cardiovascular disease 
outcomes in overweight or obese people with type 2 diabetes: a post-
hoc analysis of the look AHEAD randomised clinical trial. Lancet 
Diabetes Endocrinol 2016; 4:913–921.

 14. Look AHEAD Research Group; Wadden TA, West DS, Delah-
anty L, et al. The Look AHEAD Study: a description of the life-
style intervention and the evidence supporting it. Obesity (Silver 
Spring) 2006; 14:737–752.

 15. Tuomilehto J, Lindstrom J, Eriksson JG, et al; Finnish Diabetes 
Prevention Study Group. Prevention of type 2 diabetes mellitus by 
changes in lifestyle among subjects with impaired glucose tolerance. 
N Engl J Med 2001; 344:1343–1350.

 16. Institute of Medicine. Dietary Reference Intakes for Energy, Car-
bohydrate, Fiber, Fat, Fatty Acids, Cholesterol, Protein, and Amino 
Acids (Macronutrients). Washington, DC: The National Acad-
emies Press; 2005. doi:https://doi.org/10.17226/10490.

 17. Kirk JK, Graves DE, Craven TE, Lipkin EW, Austin M, Margolis 
KL. Restricted-carbohydrate diets in patients with type 2 diabetes: a 
meta-analysis. J Am Diet Assoc 2008; 108:91–100.

 18. Franz MJ, Monk A, Barry B, et al. Effectiveness of medical nutri-
tion therapy provided by dietitians in the management of non-insu-
lin-dependent diabetes mellitus: a randomized, controlled clinical 
trial. J Am Diet Assoc 1995; 95:1009–1017.

 19. Hu T, Mills KT, Yao L, et al. Effects of low-carbohydrate diets 
versus low-fat diets on metabolic risk factors: a meta-analysis of ran-
domized controlled clinical trials. Am J Epidemiol 2012; 176(suppl 
7):S44–S54.

 20. Bantle JP, Swanson JE, Thomas W, Laine DC. Metabolic effects 
of dietary sucrose in type II diabetic subjects. Diabetes Care 1993; 
16:1301–1305.

 21. Malik VS, Popkin BM, Bray GA, Despres JP, Willett WC, Hu 
FB. Sugar-sweetened beverages and risk of metabolic syndrome and 
type 2 diabetes: a meta-analysis. Diabetes Care 2010; 33:2477–2483.

 22. Stanhope KL, Schwarz JM, Havel PJ. Adverse metabolic effects 
of dietary fructose: results from the recent epidemiological, clinical, 
and mechanistic studies. Curr Opin Lipidol 2013; 24:198–206.

 23. Nielsen JV, Jonsson E, Nilsson AK. Lasting improvement of 
hyperglycaemia and bodyweight: low-carbohydrate diet in type 2 
diabetes. A brief report. Ups J Med Sci 2005; 110:69–73; 179–183.

 24. Robertson AM, Broom J, McRobbie LJ, MacLennan GS. Low 
carbohydrate diets in the treatment of resistant overweight patients 

with type 2 diabetes. Diabet Med 2002; 19(suppl 2):24 [Abstract 
94].

 25. Samaha FF, Iqbal N, Seshadri P, et al. A low-carbohydrate as 
compared with a low-fat diet in severe obesity. N Engl J Med 2003; 
348:2074–2081.

 26. Vetter ML, Iqbal N, Dalton-Bakes C, Volger S, Wadden TA. 
Long-term effects of low-carbohydrate versus low-fat diets in obese 
persons. Ann Intern Med 2010; 152:334–335.

 27. Daly ME, Piper J, Paisey R, et al. Effi cacy of carbohydrate restric-
tion in obese type 2 diabetes patients. Diabet Med 2006; 23(suppl 
2):26–27 [Abstract 98].

 28. Thomas D, Elliott EJ. Low glycaemic index, or low glycaemic 
load, diets for diabetes mellitus. Cochrane Database Syst Rev 2009; 
(1):CD006296.

 29. Braunstein CR, Mejia SB, Stoiko E, et al. Effect of low-glycemic 
index/load diets on body weight: a systematic review and meta-
analysis. FASEB 2016; 30:906.9.

 30. Jenkins DJ, Kendall CW, McKeown-Eyssen G, et al. Effect of a 
low-glycemic index or a high-cereal fi ber diet on type 2 diabetes: a 
randomized trial. JAMA 2008; 300:2742–2753.

 31. Järvi AE, Karlstrom BE, Granfeldt YE, Bjorck IE, Asp NG, 
Vessby BO. Improved glycaemic control and lipid profi le and nor-
malized fi brinolytic activity on a low-glycaemic index diet in type 2 
diabetes patients. Diabetes Care 1999; 22:10–18.

 32. Evert AB, Boucher JL, Cypress M, et al. Nutrition therapy recom-
mendations for the management of adults with diabetes. Diabetes 
Care 2014; 37(suppl 1):S120–S143.

 33. Savage DB, Petersen KF, Shulman GI. Disordered lipid metabo-
lism and the pathogenesis of insulin resistance. Physiol Rev 2007; 
87:507–520.

 34. Risérus U. Fatty acids and insulin sensitivity. Curr Opin Clin Nutr 
Metab Care 2008; 11:100–105.

 35. Oomen CM, Ocke MC, Feskens EJ, van Erp-Baart MA, Kok 
FJ, Kromhout D. Association between trans fatty acid intake and 
10-year risk of coronary heart disease in the Zutphen Elderly Study: 
a prospective population-based study. Lancet 2001; 357:746–751.

 36. Nordmann AJ, Nordmann A, Briel M, et al. Effects of low-
carbohydrate vs low-fat diets on weight loss and cardiovascular risk 
factors: a meta-analysis of randomized controlled trials. Arch Intern 
Med 2006; 166:285–293.

 37. Foster GD, Wyatt HR, Hill JO, et al. Weight and metabolic 
outcomes after 2 years on a low-carbohydrate versus low-fat diet: a 
randomized trial. Ann Intern Med 2010; 153:147–157.

 38. Saris WH. Very-low-calorie diets and sustained weight loss. Obes 
Res 2001; 9(suppl 4):295S–301S.

 39. Tsai A, Wadden TA. The evolution of very-low-calorie diets: an 
update and meta-analysis. Obesity 2006; 14:1283–1293.

 40. Toubro S, Astrup A. Randomised comparison of diets for main-
taining obese subjects’ weight after major weight loss: ad lib, low fat, 
high carbohydrate diet v fi xed energy intake. BMJ 1997; 314:29–34.

 41. Rothberg AE, McEwen LN, Kraftson AT, Fowler CE, Herman 
WH. Very-low-energy diet for type 2 diabetes: an underutilized 
therapy? J Diabetes Complications 2014; 28:506–510.

 42. Uusitupa MI, Laakso M, Sarlund H, Majander H, Takala J, Pent-
tilä I. Effects of a very-low-calorie diet on metabolic control and 
cardiovascular risk factors in the treatment of obese non-insulin-
dependent diabetics. Am J Clin Nutr 1990; 51:768–773.

 43. Elhayany A, Lustman A, Abel R, Attal-Singer J, Vinker S. A 
low carbohydrate Mediterranean diet improves cardiovascular risk 
factors and diabetes control among overweight patients with type 
2 diabetes mellitus: a 1-year prospective randomized intervention 
study. Diabetes Obes Metab 2010; 12:204–209.

 44. Mancini JG, Filion KB, Atallah R, Eisenberg MJ. Systematic 
review of the Mediterranean diet for long-term weight loss. Am J 
Med 2016; 129:407–415.e4.

 45. Estruch R, Martinez-González MA, Corella D, et al; PREDIMED 
Study Investigators. Effects of a Mediterranean-style diet on car-
diovascular risk factors: a randomized trial. Ann Intern Med 2006; 
145:1–11.

 46. Salas-Salvadó J, Bulló M, Babio N, et al; PREDIMED Study 

 on May 24, 2023. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/


S14    CLEVELAND CLINIC JOURNAL OF MEDICINE         VOLUME 84 • SUPPLEMENT 1         JULY 2017

DIABETES WITH OBESITY DIET

Investigators. Reduction in the incidence of type 2 diabetes with 
the Mediterranean diet: results of the PREDIMED-Reus nutrition 
intervention randomized trial. Diabetes Care 2011; 34:14–19.

 47. Esposito K, Maiorino MI, Ciotola M, et al. Effects of a Mediterra-
nean-style diet on the need for antihyperglycemic drug therapy in 
patients with newly diagnosed type 2 diabetes: a randomized trial. 
Ann Intern Med 2009; 151:306–314.

 48. Chang J, Kashyap SR. The protein-sparing modifi ed fast for obese 
patients with type 2 diabetes: what to expect. Cleve Clin J Med 
2014; 81:557–565.

 49. Palgi A, Read JL, Greenberg I, Hoefer MA, Bistrian BR, Black-
burn GL. Multidisciplinary treatment of obesity with a protein-
sparing modifi ed fast: results in 668 outpatients. Am J Public Health 
1985; 75:1190–1194.

 50. Paisey RB, Frost J, Harvey P, et al. Five year results of a prospec-
tive very low calorie diet or conventional weight loss programme in 
type 2 diabetes. J Hum Nutr Diet 2002; 15:121–127. 

 51. Hughes TA, Gwynne JT, Switzer BR, Herbst C, White G. Effects 
of caloric restriction and weight loss on glycemic control, insulin 
release and resistance, and atherosclerotic risk in obese patients 
with type II diabetes mellitus. Am J Med 1984; 77:7–17. 

 52. Li Z, Tseng CH, Li Q, Deng ML, Wang M, Heber D. Clinical effi -
cacy of a medically supervised outpatient high-protein, low-calorie 
diet program is equivalent in prediabetic, diabetic and normoglyce-
mic obese patients. Nutr Diabetes 2014; 4:e105.

 53. Mishra S, Xu J, Agarwal U, Gonzales J, Levin S, Barnard ND. A 
multicenter randomized controlled trial of a plant-based nutrition 
program to reduce body weight and cardiovascular risk in the corpo-
rate setting: the GEICO study. Eur J Clin Nutr 2013; 67:718–724. 

 54. Parker B, Noakes M, Luscombe N, Clifton P. Effect of a high-pro-
tein, high-monounsaturated fat weight loss diet on glycemic control 
and lipid levels in type 2 diabetes. Diabetes Care 2002; 25:425–430.

 55. Ajala O, English P, Pinkney J. Systematic review and meta-anal-
ysis of different dietary approaches to the management of type 2 
diabetes. Am J Clin Nutr 2013; 97:505–516.

 56. Gannon MC, Nuttall FQ. Effect of a high-protein, low-carbohy-
drate diet on blood glucose control in people with type 2 diabetes. 
Diabetes 2004; 53:2375–2382.

Correspondence: M. Cecilia Lansang, MD, MPH, Department of Endocrinol-
ogy, Diabetes, and Metabolism, F20, Cleveland Clinic, 9500 Euclid Avenue, 
Cleveland, OH 44195; lansanm@ccf.org

 on May 24, 2023. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/

