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Abstract
Background: Benefits of moderate weight loss for the prevention of prediabetes and diabetes are well
documented; however, the benefits of weight loss interventions in overt type 2 diabetes are controversial.
Objective: To summarize the role of weight loss interventions for the prevention of prediabetes and diabetes and
to report the association between weight loss interventions in adults with type 2 diabetes resulting in weight loss
greater or less than 5% on metabolic outcomes.
Results: Weight loss interventions of 5% to 10% decrease risk factors for prediabetes and diabetes. However, in
a systematic review and meta-analysis of weight loss interventions in persons with type 2 diabetes, the majority of
the weight loss interventions resulted in weight losses less than 5% and had nonsignificant beneficial effects on A1C
and other metabolic outcomes. In another systematic review, reduced-energy eating plans implemented by
registered dietitian/nutritionists in persons with type 2 diabetes, regardless of weight loss, resulted in improved A1C
levels.
Conclusion: Nutrition therapy for persons with type 2 diabetes should encourage a reduced-energy healthful
eating plan, regular physical activity, education, and continued support as primary treatment strategies.
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Introduction
The association of overweight and obesity with increased risk for
prediabetes and type 2 diabetes is well documented and known [1].
Strong evidence exists for the benefits of moderate weight loss for the
prevention of diabetes [2]. The question is, however, are there benefits
on metabolic outcomes from weight loss interventions as prediabetes
progresses to overt type 2 diabetes?
To answer this question, it is helpful to first review the benefits and
effectiveness of weight loss interventions in overweight and/or obese
individuals and in individuals with prediabetes and then to examine
how this differs in persons with type 2 diabetes.

Weight Loss Interventions for Overweight/Obese
Persons
Addressing overweight and obesity is an important strategy in the
primary and second prevention of disease including type 2 diabetes,
hypertension, dyslipidemia, and cardiovascular disease [3]. A
sustained modest weight loss (approximately 5% to 10%) is associated
with decreased risk of prediabetes, reductions in blood pressure, and
improved lipids profiles [4]. Thus, the questions of what are effective
weight loss interventions, and what are realistic long-term outcomes,
take on added importance for all health professionals counseling
patients who are overweight/obese, as well as for the general public.

minimum follow-up for 12 months [5]. A total of 80 studies (n=26,355
with 18,199 completers (69%)) were reviewed. Weight-loss studies
were categorized into eight types of interventions: advice alone, diet
alone, diet and exercise, exercise alone, meal replacements, very-lowenergy diets, and weight -loss medications (orlistat and sibutramine).
A mean weight loss of 7.9 kg (8.5%) was observed during the first six
months from diet and exercise, meal replacements, and/or weight-loss
medications with weight plateaus at approximately six months. In
studies extending to 48 months, a mean 3.9 kg (4%) of weight loss was
maintained with none of the groups experiencing weight regain to
baseline. Participants who received diet alone experienced a mean
weight loss at six months of 4.9 kg (5%), maintaining a mean weight
loss of 4.6 to 4.4 to 3.0 kg (4.2%, 3.0%, 3.0%) at 12, 24, and 48 months,
respectively. Very –low-energy diet use resulted in a major mean
weight loss of 17.9 kg (16%) at six months followed by a rapid regain
so that at 12 months the mean weight loss was 10.9 kg (10%) and by 36
months 5.6 kg (5%). Exercise alone, without a focus on food intake,
was not very effective, resulting in a mean 2.4 kg (2.7%) weight loss at
six months and a mean of 1.0 kg (1.0%) at 24 months. It should, of
course, be remembered the results are a bell-shaped curve, with some
participants experiencing greater weight loss (the ones remembered by
health professionals and reported in ads and television shows) and
some participants experiencing very minimal, if any, weight loss (the
ones “forgotten” by health professionals!). Figure 1 illustrates mean
weight loss per subject in the lifestyle weight loss intervention groups
(diet alone, diet + exercise, meal replacements, very-low calorie diets,
exercise alone) and the advice alone group.

To answer these questions, we conducted a systematic review and
meta-analysis of weight-loss intervention outcomes in studies with a
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take into account the fact that weight-loss maintenance is more
difficult than weight loss.
It is, however, important to remind individuals struggling with
weight that weight losses of 5% to 10% of initial bodyweight result in
clinically meaningful risk reductions-prevention or delay of type 2
diabetes, decreases in blood pressure and circulating inflammatory
markers (C-reactive protein and cytokines), and potential
improvements in lipid levels, despite the fact that these weight loss
goals might be disappointing to the individual [4].

Weight Loss Interventions for Prediabetes

Figure 1: Average weight loss of subjects completing a minimum of
1-year weight loss intervention; 60 studies (N=18,091; 13,082
completers [72%]) [5].
The primary weight- loss intervention implemented in the
intervention arms was a reduced energy, lower-fat eating plan. Several
studies used some combination of low-carbohydrate, high-protein
diets. However, at 12 months there were no differences in weight loss
based on the macronutrient content of the eating plan implemented.
Specific goals for physical activity were also implemented. Continuous
or intermittent moderate intensity exercise of 30 to 40 minutes three
to five days per week or 150 minutes per week of moderate intensity
physical activity/exercise was recommended. In addition, basic weightloss behavioral strategies were used in nearly all of the studies, which
include self-monitoring, goal setting, stimulus control, reinforcement,
and cognitive change. Study participants in the clinical trials also
benefitted from the continued professional support they received.
Because weight loss plateaus at approximately six months, the
emphasis of a weight-management program must evolve from a focus
on reduced energy intake and regular physical activity for weight loss
to a focus on reduced energy intake and regular physical activity for
continued weight-loss maintenance [6]. Health care professionals and
participants often express frustration believing that if a reduced energy
intake is maintained (or decreased even further as was done in some
studies), weight loss should continue. There is no evidence that this
occurs, even when weight-loss interventions are continued. However,
if the weight loss interventions are discontinued, weight regain is likely
to occur.
Individuals with obesity struggling to achieve and maintain weight
loss are often not adequately aware of the biological adaptations that
occur when they lose weight [7]. Irrespective of starting weight, caloric
restriction triggers several biological adaptations designed to prevent
starvation [8]. Weight is tightly regulated by neural, hormonal, and
metabolic factors. Hormonal adaptations (decreased leptin, peptide
YY, cholecystokinin, insulin and increased ghrelin, gastric inhibitory
polypeptide, pancreatic polypeptide) that stimulate appetite and
weight gain after diet-induced weight loss remain for at least one-year
after the initial weight reduction [9]. Weight loss also results in
adaptive thermogenesis (decrease in resting metabolic rate) that has
also been shown to be maintained for up to one year [10]. Further
evidence indicates that biological pressure to restore bodyweight to the
highest-sustained lifetime levels gets stronger as weight loss increases
[11]. Therefore, weight maintenance strategies must be ongoing and
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Goals of nutrition therapy for prediabetes emphasize the
importance of lifestyle interventions in decreasing the risk of type 2
diabetes by promoting an eating plan that facilitates moderate weight
loss (5% to 7% of body weight) and by increasing physical activity
(equivalent to 30 minutes brisk walking on most days of the week).
Follow-up counseling and continued support is also necessary to
accomplish these objectives. In both the Finnish Diabetes Prevention
Study [12] and the Diabetes Prevention Program [13] the lifestyle
interventions reduced the incidence of diabetes by 58%. Of importance
are the studies of lifestyle intervention showing persistent reduction in
the rate of conversion to type 2 diabetes at three [14], ten [15], and 14
years [16] post-intervention follow-up. Cost data has also confirmed
that lifestyle interventions for the prevention of diabetes are highly
cost-effective [17].

The Dilemma of Weight Loss in Diabetes
Although strong evidence exists for the benefits of moderate weight
loss for the prevention of type 2 diabetes, the question becomes, what
are the benefits from weight loss interventions as glycemic
impairments progress from prediabetes to type 2 diabetes. In 2013 the
American Diabetes Association (ADA) recommended weight loss for
all overweight or obese individuals who have or are at risk for diabetes
and graded it A [18]. However, in 2014 they note that not all weightloss interventions lead to 1-year A1C improvements and they stated
“for overweight or obese adults with diabetes or at risk for diabetes,
reducing energy intake while maintaining a healthful eating pattern is
recommended to promote weight loss. Modest weight loss may
provide clinical benefits with diabetes, especially those early in the
disease process.” The recommendation is still graded A [19]. The 2013
AHA/ACC/TOB Guideline for the Management of Overweight and
Obesity reported that in overweight and obese adults with type 2
diabetes, a 2% to 5% weight loss from lifestyle interventions result in a
lowering of A1C of 0.2% to 0.3%, and that weight loss of 5% to 10% is
associated with A1C reductions of 0.6% to 1.0% [3]. However, the
statistical significance of the changes is not reported.
Because Registered dietitian/nutritionists and medical care
professionals routinely provide weight-loss advice to overweight and
obese adults with diabetes and because of the uncertainties regarding
benefits on glycemic control and other metabolic outcomes, we
conducted a systematic review and meta-analysis to determine the role
of nutrition therapy lifestyle weight-loss interventions for type 2
diabetes [20]. Articles were reviewed from January 1, 2000 to March 1,
2014. The primary question was: In overweight or obese adults with
type 2 diabetes, what are the outcomes on A1C from lifestyle weightloss intervention resulting in weight losses greater or less than 5% at 12
months? Secondary questions were: What are the lipid (total
cholesterol, LDL-cholesterol [LDL-C], HDL-cholesterol [HDL-C], and
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triglycerides [TG] and blood pressure (systolic [SBP] and diastolic
[DBP]) outcomes from weight-loss intervention resulting in weight
losses greater that or less than 5% a 12 months? And, what are the
weight and metabolic outcomes from differing amounts of
macronutrients in lifestyle weight-loss interventions in individuals
with type 2 diabetes?
Eleven studies (eight compared two weight-loss interventions and
three compared a weight-loss intervention with a usual care/control
groups) with 6,754 participants met study criteria (randomized clinical
trial, minimum 12-month duration, and a 70% completion rate). At 12
months, 17 study groups (8 categories of weight-loss intervention)
reported weight loss <5% (-3.2 kg [95% CI:-5.9, -0.6]). A decrease in
A1C at 12-months of 0.2% (95% CI:-0.6, 0.2) was not significant
compared to baseline. Lipid and blood pressure changes from baseline
were also non significant.
Only two study groups reported a weight loss ≥5%: a low-calorie
Mediterranean-style (MED-style) diet implemented in newly
diagnosed adults with type 2 diabetes and an Intensive Lifestyle
Intervention (ILI) implemented in the Look AHEAD (Action for
Health in Diabetes) study. Both reported regular physical activity and
frequent contact with health professionals. The MED-style group
reported a decrease in A1C of 1.2% (95% CI: -1.4, -1.1) at 12 months
from a baseline of 7.8% (P<0.0001). The ILI reported a decrease in
A1C of 0.6% (95% CI: -0.7, 0.6) at 12 months from a baseline of 7.3%
(P<0.0001). Both also reported significant beneficial effects on lipids
and blood pressure.
Five studies compared lifestyle weight-loss intervention with
differing macronutrient compositions (low-carbohydrate vs. low-fat,
high-protein vs. high-carbohydrate, and high-monounsaturated fat vs.
high-carbohydrate). In all five studies 12-month weight changes were
less than 5% of baseline weight and did not differ statistically between
study groups; changes in A1C, lipids, and blood pressure from baseline
to 12 months were also all non significant.
Compared with individuals without diabetes, it is generally more
difficult for individuals with diabetes to lose and/or maintain weight
loss. For overweight or obese individuals with type 2 diabetes, a weight
loss of at least 5% appears necessary to consistently improve glucose,
lipids, and blood pressure. This amount of weight loss may not be a
realistic goal for the majority of persons seen in many health care
settings today. However, strong evidence reports that a reduced energy
intake, with or without weight loss, improves glycemic control [21].

Focus: Reduced Energy Intake Versus Weight Loss?
The Academy of Nutrition and Dietetics conducted a systematic
review of the question: In adults with type 2 diabetes, how effective is
Medical Nutrition Therapy (MNT) provided by a Registered Dietitian/
Nutritionist (RDN) on glycemia (A1C), cardiovascular risk factors,
weight, medications and quality of life? Twenty one study groups from
18 studies reported that MNT provided by an RDN significantly
lowered A1C levels at three months by 0.3% to 1.8% and with ongoing
support decreases in A1C were maintained or improved for >12
months [21]. The magnitude of lowering was dependent on the A1C
level at the time of the intervention and the duration of diabetes.
Although nutrition therapy interventions were effective throughout
disease duration, the decrease in A1C was the largest in studies in
which participants were newly diagnosed and/or had higher baseline
A1C levels. Of importance, RDNs implemented a variety of nutrition
therapy interventions all resulting in a reduced energy intake.
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However, weight outcomes from MNT were mixed. Eleven study arms
reported significantly decreased baseline weight by 2.4 to 6.2 kg;
whereas, six study arms reported nonsignificant weight changes at
study end.
In adults with normal to mildly elevated cholesterol, LDL-C, TG,
and normal to mildly low HDL level decreases in lipid levels were
mixed. In adults with near-normal blood pressure levels decreases in
blood pressure were also mixed. Decreases in doses and/or number of
glucose-lowering medication were reported as well as improvements
in quality of life.
It can be concluded that the emphasis of nutrition therapy for
overweight or obese persons with type 2 diabetes for glycemic control
is a reduced energy intake. In some it may lead to weight loss, in some
it may maintain weight loss, and in some (often dependent on
medications used), it may prevent weight gain. But it is very clear that
a reduced energy intake is of primary importance. Therefore, nutrition
therapy should encourage an energy-appropriate healthy eating
pattern, appropriate portion sizes, regular physical activity, education,
and continued support [19,21].

Summary
Strong evidence exists for the benefits of modest weight loss for the
prevention of prediabetes and type 2 diabetes. However, nutrition
therapy once type 2 diabetes develops should focus on 1) a reduced
energy intake shown to improve metabolic outcomes, especially
glycemia, 2) negotiating lifestyle changes individuals are willing and
able to make, and 3) assisting individuals in choosing appropriate
portion sizes of foods shown to have health benefits.

References
1.
2.
3.

4.

5.

6.
7.
8.
9.

Centers for Disease Control and Prevention: Overweight and obesity:
causes and consequences.
American Diabetes Association (2015) Prevention or delay of type 2
diabetes. Diabetes Care 38: S31-S32.
Jensen MD, Ryan DH, Apovian CM (2013) AHA/ACC/TOS Guideline
for the Management of Overweight and Obesity in Adults: A report of
the American College of Cardiology/American Heart Association Task
Force on Practice Guidelines and The Obesity Society. Circulation 63:
2985-3023.
Klein S, Burke LE, Bray GA (2004) Clinical implications of obesity with
specific focus on cardiovascular disease. A statement for professionals
from the American Heart Association Council on Nutrition, Physical
Activity, and Metabolism. Circulation 110: 2952-2967.
Franz MJ, VanWormer JJ, Crain AL, Boucher JL, Histon T, et al. (2007)
Weight-loss outcomes: a systematic review and meta-analysis of weightloss clinical trials with a minimum 1-year follow-up. J Am Diet Assoc
107: 1755-1767.
Wing RR, Tate DF, Gorin AA, Raynor HA, Fava JL (2006) A selfregulation program for maintenance of weight loss. N Engl J Med 355:
1563-1571.
Ochner CN, Tsai AG, Kushner RF, Wadden TA (2015) Treating obesity
seriously: when recommendations for lifestyle change confront biological
adaptations. Lancet Diabetes Endocrinol 3: 232-234.
Ochner CN, Barrios DM, Lee CD, Pi-Sunyer FX (2013) Biological
mechanisms that promote weight regain following weight loss in obese
humans. Physiol Behav 120: 106-113.
Sumithran P, Prendergast LA, Delbridge E, Purcell K, Shulkes A, et al.
(2011) Long-term persistence of hormonal adaptations to weight loss. N
Engl J Med 365: 1597-1604.

Volume S5 • Issue 005 • S5-005

Citation:

Franz MJ (2015) Weight Loss Interventions and Outcomes: Type 2 Diabetes. J Obes Weight Loss Ther S5: 005. doi:

10.4172/2165-7904.S5-005

Page 4 of 4
10.
11.
12.

13.
14.

15.

Camps SG, Verhoef SP, Westerterp KR (2013) Weight loss, weight
maintenance, and adaptive thermogenesis. Am J Clin Nutr 97: 990-994.
Rosenbaum M, Leibel RL (2010) Adaptive thermogenesis in humans. Int
J Obes (Lond) 34 Suppl 1: S47-55.
Tuomilehto J, Lindström J, Eriksson JG, Valle TT, Hämäläinen H, et al.
(2001) Prevention of type 2 diabetes mellitus by changes in lifestyle
among subjects with impaired glucose tolerance. N Engl J Med 344:
1343-1350.
Diabetes Prevention Program Research Group (2002) Reduction in the
incidence of type 2 diabetes with lifestyle intervention or metformin. N
Engl J Med 346: 393-403.
Lindström J, Ilanne-Parikka P, Peltonen M, Aunola S, Eriksson JG, et al.
(2006) Sustained reduction in the incidence of type 2 diabetes by lifestyle
intervention: follow-up of the Finnish Diabetes Prevention Study. Lancet
368: 1673-1679.
Diabetes Prevention Program Research Group (2009) 10 year follow-up
of diabetes incidence and weight loss in the Diabetes Prevention Program
Outcomes Study. Lancet 374: 1677-1686.

J Obes Weight Loss Ther
ISSN:2165-7904 JOWT, an open access journal

16.
17.

18.
19.
20.

21.

Li G, Zhang P, Wang J (2008) The long-term effect of lifestyle
interventions to prevent diabetes in the China Da Qing Diabetes
Prevention Study: a 20-year follow-up study. Lancet 371: 1783-1789.
Li R, Qu S, Zhang P, Chattopadhyay S, Gregg EW, et al. (2015) Economic
evaluation of combined diet and physical activity promotion programs to
prevent type 2 diabetes among persons at increased risk: a systematic
review for the Community Prevention Services Task Force. Ann Intern
Med.
American Diabetes Association (2013) Standards of medical care in
diabetes-2013. Diabetes Care 26: S11-S66.
American Diabetes Association (2014) Standards of medical care in
diabetes--2014. Diabetes Care 37 Suppl 1: S14-80.
Franz MJ, Boucher JL, Rutten-Ramos S, VanWormer JJ (2015) Lifestyle
Weight-Loss Intervention Outcomes in Overweight and Obese Adults
with Type 2 Diabetes: A Systematic Review and Meta-Analysis of
Randomized Clinical Trials. J Acad Nutr Diet.
Academy of Nutrition and Dietetics.

Volume S5 • Issue 005 • S5-005

