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Type 2 diabetes, or non-insulin-depen-
dent diabetes mellitus (NIDDM),
accounts for 90-95% of the 16 mil-

lion cases of diabetes in the U.S. today (1).
As many as 90% of individuals with type 2
diabetes are overweight or obese (2). How-
ever, not all individuals with type 2 dia-
betes are obese and not all obese
individuals develop type 2 diabetes (1,3).
The major purpose of this technical review
is to assess the effectiveness of existing
strategies for the prevention and treatment
of obesity as applied to people with type 2
diabetes. This review is designed to address
the following questions:

1. What is the association between obe-
sity and type 2 diabetes?

2. What are the benefits of weight loss in
type 2 diabetes?

3. Have effective strategies for the pre-
vention of obesity been identified? If
so, what is the impact of such strategies
on the prevention of type 2 diabetes?

4. How effective are current treatment
strategies in promoting weight loss in
obese individuals with type 2 diabetes?
In addition, what are the effects of
these strategies on glycemic control?

OBESITY AND TYPE 2
DIABETES— According to a 1985
National Institutes of Health Consensus
Development Conference (4), obesity is
defined as a BMI (weight in kilograms
divided by height in meters squared) ^27.8
in men and ^27.3 in women. Both obesity

and type 2 diabetes (1,3) are considered
heterogeneous disorders that involve multi-
ple etiologies. While the mechanism(s)
underlying the relationship between obesity
and type 2 diabetes in susceptible individ-
uals remains to be identified (3), there is
nevertheless a strong association between
the presence of obesity and the develop-
ment of type 2 diabetes. For example, early
cross-sectional studies showed that the
largest environmental influence on the
prevalence of diabetes in a population was
its degree of obesity (5,6). Data from the
second National Health and Nutrition
Examination Survey indicated that the
prevalence of diabetes is 3.8 times higher in
overweight (defined as the 85th percentile
values of BMI for men and women aged
20-29 years) compared with normal-
weight individuals aged 45-75 years (7). In
a Scandinavian prospective study, the risk of
developing diabetes was ten times greater in
men whose body weight exceeded the stan-
dard by 35-45% (8).

An increased risk of diabetes with
increasing weight has been shown by
prospective studies in Norway (8), the U.S.
(9), Sweden (10), and Israel (11). More
recently, the Nurses' Health Study found
that the risk of developing diabetes
increases as BMI increases from a level as
low as 22 (12). An association between
diabetes and increasing relative weight is
also observed in populations at high risk
for obesity and diabetes, such as the Pima
Indians (13).

The development of type 2 diabetes is
also positively associated with the duration
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of obesity (14,15) and weight gain after 18
years of age (16). Finally, several studies
have shown increased intra-abdominal fat
in individuals with type 2 diabetes (17-19),
and it is now apparent that an upper-body
or central distribution of body fat is a major
risk factor for type 2 diabetes, independent
of the absolute level of obesity (20-22).

Impact of obesity on type 2 diabetes
Obesity not only increases the risk of devel-
oping type 2 diabetes but also complicates
its management. The presence of obesity
exacerbates metabolic abnormalities of type
2 diabetes, including hyperglycemia,
hyperinsulinemia, and dyslipidemia
(2,23-25). Obesity also increases insulin
resistance and glucose intolerance (26-28).
This makes type 2 diabetes in obese
patients more difficult to treat pharmaco-
logically (29,30).

Obesity may contribute to excessive
morbidity and mortality in type 2 diabetes
(31). While obesity is an independent risk
factor for hypertension (32) and cardiovas-
cular disease (33), the coexistence of obesity
and type 2 diabetes makes the risk of devel-
oping these associated disorders even greater
and significantly increases morbidity and
mortality (9). In general, the mortality ratio
for individuals with diabetes whose body
weights are 20-30% above ideal is 2.5-3.3
times higher than for those of normal weight
(34). For individuals with diabetes whose
body weights are more than 40% above
ideal, the mortality ratio becomes 5.2-7.9
times higher (34). Clearly, the presence of
obesity further complicates the health risks
associated with type 2 diabetes.

Regional fat distribution
An upper-body or central distribution of
body fat, independent of the absolute level
of obesity, increases the risk not only for
type 2 diabetes but also for hypertension,
coronary heart disease, and stroke and
shows a strong positive association with
overall mortality rate (35-38). In people
with type 2 diabetes, excess abdominal fat
has been associated, even in the absence of
overall obesity, with poor metabolic con-
trol, atherogenic blood lipid levels, and car-
diovascular complications (39). Insulin
resistance, which increases with abdominal
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or visceral obesity (40-42), is one possible
factor underlying the increased health risks
of upper-body obesity (43,44).

EFFECTS OF WEIGHT LOSS IN
TYPE 2 DIABETES—The health
benefits of weight loss in type 2 diabetes
have long been recognized (45). Inpatient
studies of intensive dieting have repeatedly
shown that fasting hyperglycemia rapidly
declines, largely within the 1st week of the
diet and thus before significant weight loss
(46-53). This implies that most of the early
reduction in fasting glucose results from
caloric restriction rather than from weight
loss per se. Underlying the early reduction
in fasting glycemia is a parallel reduction in
hepatic glucose output (48,49,52,53). Uri-
nary glucose excretion also declines (51).
In the longer term, as weight loss pro-
gresses and is maintained, an enduring
improvement of glycemia may be evi-
denced by a reduction in glycosylated
hemoglobin (46,50,51).

As shown by the U.K. Prospective Dia-
betes Study of 3,044 patients with newly
diagnosed type 2 diabetes, the reduction in
fasting hyperglycemia is usually greatest in
the patients who lose the most weight (54).
However, several studies have documented
improvement in metabolic control with
even modest weight loss (55-58). Indeed,
hyperglycemia can be reduced (as shown
by a 0.6% reduction in HbAlc) with even a
5% weight loss (56). However, not all
patients show an improvement of glycemic
control with weight loss (59). For example,
patients whose glycemia fails to improve
with weight loss may be at an advanced
stage of insulin deficiency.

Weight loss improves the insulin resis-
tance that is characteristic of both obesity
and type 2 diabetes (46,48,49,52,55,
60-63). With weight loss, enhanced
insulin action is reflected in both an
increase in the ability of insulin to suppress
hepatic glucose output and an improve-
ment in insulin-mediated glucose uptake
into peripheral tissues (49). Virtually all
aspects of peripheral glucose uptake have
shown improvement with weight loss
(23,25,64). However, the precise mecha-
nisms underlying this improvement have
not yet been defined (23,25).

It is generally agreed that weight loss
decreases fasting insulin levels (23,25). The
effect of weight loss on insulin secretion has
been inconsistent, with some studies
reporting an increase (52,60,62,65) and

others reporting no change (48,49,53,55,
61,66). The insulin secretory capacity of
type 2 diabetes patients as a group is highly
variable (67,68); effects with weight loss
may thus depend on the prediet capacity
(64). Nevertheless, even the absence of a
change in insulin secretion may reflect an
improvement in diabetes control when it is
accompanied by reductions in glycemia
and insulin resistance (23,25).

In type 2 diabetes, weight loss not only
improves glycemic control but also amelio-
rates coexisting disorders such as dyslipi-
demia and hypertension. Many patients
with type 2 diabetes, particularly those who
are obese, exhibit a mixed dyslipidemia
consisting of elevated triglyceride and
reduced HDL cholesterol levels (69). Each
of these lipid abnormalities has been shown
to increase the risk for coronary artery dis-
ease in patients with type 2 diabetes
(70,71). With dieting, the elevated triglyc-
eride levels of obese patients with type 2
diabetes rapidly decline (46-48,50-52,56,
72-75). This improvement is usually seen
within the initial weeks of caloric restric-
tion. More variable effects have been
reported on HDL levels, which appear to be
influenced by the amount of weight loss
and the duration of weight maintenance
(75,76). Significant increases in HDL levels
have been reported in studies that have
been of sufficient duration (46,75,77). For
example, in one study, there was no change
in HDL levels after 2 weeks of intensive
dieting, but a significant increase was
observed after 3 months of weight mainte-
nance (75). In addition, several studies
have reported that weight loss may pro-
mote a beneficial change in the ratio of total
to HDL cholesterol (50,75).

In people with type 2 diabetes, total
and LDL cholesterol levels are generally
quite similar to those of the general popu-
lation (78). However, individuals with type
2 diabetes appear to have a higher preva-
lence of small, dense LDL particles, which
are highly atherogenic (79). Weight loss
reduces LDL levels in obese individuals
with type 2 diabetes (80) and may also,
through a reduction of triglyceride levels,
promote a reduction in the frequency of
small, dense LDL particles (81).

The coexistence of hypertension accel-
erates the progression of micro vascular and
macrovascular complications of type 2 dia-
betes (25). Furthermore, when both hyper-
tension and obesity coexist, the risk of
cardiovascular morbidity and mortality in
type 2 diabetes becomes especially high

because the independent risk associated
with each condition is multiplied (4).
Numerous studies have documented that
weight loss decreases both systolic and
diastolic blood pressures in obese patients
with type 2 diabetes (51,57,74,75,80). An
improvement in blood pressure may be
observed as early as the 1st week of caloric
restriction (51). In type 2 diabetes, the
mechanism by which diet promotes a
reduction of blood pressure is complex,
but may involve concomitant improve-
ments in insulin resistance and hyperinsu-
linemia (25,64).

An upper-body distribution of adipose
tissue, which is found in many patients
with type 2 diabetes (17-19), increases car-
diovascular health risks and mortality, inde-
pendent of the overall level of obesity per se
(35-38). There are currently few data avail-
able on the impact of weight loss on the
body fat distribution of patients with type 2
diabetes. In one study of obese patients
with type 2 diabetes who participated in a
year-long weight-control intervention,
weight loss was associated with significant
reductions in the waist-to-hip circumfer-
ence ratio, an index of upper-body obesity,
at both 6 months and 1 year (82). Reduc-
tions in waist-to-hip ratio were generally
greatest in patients with a higher initial
waist-to-hip ratio. However, improvements
in glycemic control were not independently
associated with changes in waist-to-hip ratio
but rather with overall weight loss. In a 3-
month study (83), men with type 2 diabetes
showed a significant reduction in abdomi-
nal adipose tissue area, as measured by
magnetic resonance imaging, a more precise
indicator of adipose tissue distribution.
These patients also showed an increase in
insulin sensitivity and reductions in fasting
cholesterol and triglyceride levels. The lim-
ited data that are available thus show that
weight loss in type 2 diabetes is associated
with a reduction in the upper distribution of
body fat. These data also suggest that a
reduction in upper-body fat in patients with
type 2 diabetes promotes improvements in
insulin resistance and lipid profile.

Effect of weight loss on medication
costs in type 2 diabetes
Almost all studies report that weight loss in
type 2 diabetes is accompanied by a reduc-
tion in or elimination of the need for glu-
cose-lowering agents and medications for
associated disorders such as hypertension
(23,25). The pharmacy expenses of indi-
viduals with diabetes are three to eight
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times higher than those of individuals with-
out diabetes (84). A recent study compared
the medication costs of obese patients with
type 2 diabetes before and 1 year after an
intensive weight-loss program (85). Before
the program, monthly expenses for antidi-
abetes and antihypertensive medications
and diabetes supplies averaged $63.30. At
the end of the 12-week program, weight
loss averaged 15.3 kg and monthly med-
ication cost decreased to $20.40. At the 1-
year follow up, there was an average weight
regain of 6.3 kg and the average monthly
medication cost was $32.40. Over the year,
the estimated average savings in medication
costs was $442.80.

Effects of weight loss on mortality in
type 2 diabetes
While the previous discussion implies that
weight loss may improve morbidity in type
2 diabetes and ease its economic burden,
there have been few studies on the direct
impact of weight loss on mortality. This is
largely because many patients with type 2
diabetes experience involuntary weight loss
as the severity of their disease progresses
and complications such as kidney failure
and heart disease ensue (64). The available
data, reviewed below, appear to indicate
that weight loss that is not associated with
the complications of diabetes improves
mortality.

Lean et al. (86) performed a retrospec-
tive study of 263 elderly type 2 diabetes
patients in an Aberdeen, Scotland, clinic
who died between 1985 and 1986. In this
group of patients, age-adjusted life
expectancy was 35% lower than published
figures for the general population. Never-
theless, multiple regression analysis showed
that each kilogram of weight loss from the
year of initial diagnosis was associated with
a 3- to 4-month increase in survival. With a
10-kg weight loss, life expectancy was
restored to that of the general population.

The World Health Organization Multi-
national Study of Vascular Disease in Dia-
betes was a prospective cohort study
performed between 1975 and 1988 (87).
For the European cohort (n = 992), weight
loss in the subjects who were initially lean-
est (BMI <26) was associated with a mor-
tality risk three times greater than that in
subjects in the same initial weight category
who maintained their weight (relative risk
3.05). In general, these leanest subjects had
type 2 diabetes longer, were more likely to
be receiving insulin therapy, and had a
higher prevalence of retinopathy. Their

weight loss was thus more likely due to the
severity of their illness than to voluntary
dieting. In such individuals, greater mortal-
ity with weight loss would be expected. In
contrast, a reduction of mortality risk with
weight loss (relative risk 0.84) was observed
in the subjects who were initially most obese
(BMI ^29), who would be more likely to
have experienced voluntary weight loss.

It must be emphasized that the two
studies described above did not distinguish
between voluntary and involuntary weight
loss. A prospective intervention study con-
ducted in Malmo, Sweden, investigated the
effect of voluntary weight loss early in the
progression of type 2 diabetes on subse-
quent mortality (88). In the Malmo study,
overweight and sedentary middle-aged men
with early-stage type 2 diabetes (n = 41) or
impaired glucose tolerance (IGT; n = 181)
were treated with diet and exercise and fol-
lowed for 5 years. The average mortality of
subjects who sustained a 2.0- to 3.3-kg
weight loss dropped to a level lower than
that of the general population (3.2 vs. 3.7%).
In contrast, the mortality of subjects who did
not lose weight increased to 11.9%.

Although research in this area is sparse,
there are data that suggest that voluntary
weight loss improves mortality in individ-
uals with type 2 diabetes who are over-
weight or obese.

PREVENTION OF OBESITY —
According to recent national statistics, the
prevalence of obesity in adults has
increased by 30% over the past decade
(89). Over the past 2-3 decades, the preva-
lence of overweight and obesity in children
and adolescents has doubled, and this sec-
ular trend appears to be accelerating
(90,91). Since obesity is an established risk
factor for type 2 diabetes, this increase in
the prevalence of obesity may also increase
future rates of type 2 diabetes (1). Never-
theless, few controlled clinical trials have
investigated the prevention of obesity as it
relates to type 2 diabetes. According to the
National Task Force on Prevention and
Treatment of Obesity (92), this paucity of
research is the result of the difficulty in
identifying suitable at-risk individuals or
groups as well as the lack of effective pre-
vention strategies. The results of two well-
known prevention trials are discussed
below. One trial is considered unsuccessful
because weight loss was not sustained; the
other trial is considered successful because
there was long-term maintenance of weight

loss. Also described are the designs and
outcomes of prevention strategies imple-
mented within specific groups currently
considered at high risk for obesity (92).

The Minnesota Heart Health Program
was a research study that investigated the
impact of a multifaceted education cam-
paign on cardiovascular risk factors in three
matched pairs of communities in Min-
nesota, North Dakota, and South Dakota
(93). One member of each of the three
community pairs was provided with 5-6
years of intensive health-promotion educa-
tion; the other member of each community
pair served as a nonintervention control.
Although obesity was not the primary focus
of intervention, weight control was encour-
aged for all participants. In addition, several
of the component programs targeted obe-
sity; these included adult education classes,
a worksite weight-control program, a
weight-loss home correspondence course,
and a weight-gain prevention program. The
1,700 individuals who participated in these
obesity programs experienced generally
modest, short-term weight loss. The average
degree of weight loss ranged from 1 kg for
the weight-gain prevention program to 3 kg
for the worksite and home correspondence
programs. None of the programs were effec-
tive in sustaining weight loss for more than
1 year. Moreover, overall rates of weight
gain remained similar in the three interven-
tion and the three control communities,
and at the end of the intervention, the aver-
age adult weight in the six communities
increased by ~ 1 BMI unit, or 3.2 kg. This
multidimensional education intervention
was thus largely ineffective in implementing
weight control. The inherent weakness of an
educational approach in inducing the
behavioral change necessary for obesity pre-
vention, especially in an environment
already heavily exposed to the promotion of
weight loss, has been among the factors
cited in the failure of this program.

The Malmo study (88), which involved
a lifestyle intervention program that empha-
sized a reduced-calorie diet and physical
training, was cited in an earlier section of this
review on the impact of weight loss on mor-
tality in type 2 diabetes. This section will
describe the effectiveness of the Malmo
study intervention in promoting and sus-
taining weight loss and delaying progression
to type 2 diabetes. A total of 181 overweight,
sedentary men with IGT were enrolled in
this lifestyle intervention program. Partici-
pants were selected from a large-scale
screening survey and thus did not represent
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a sample of volunteers. During the 5-year
intervention, the dropout rate was only
10%. At the 5-year follow-up, participants
showed a mean weight reduction of 2.3 kg.
In contrast, 79 nonintervention subjects
with IGT showed a mean weight gain of 0.5
kg. In the intervention group, 75.8%
showed an improvement in glucose toler-
ance and only 10.6% progressed to type 2
diabetes. In the nonintervention group,
67.1% showed a deterioration of glucose tol-
erance and 28.6% progressed to type 2 dia-
betes. Thus, weight changes in the groups
were associated with a significant difference
in the relative risk of developing type 2 dia-
betes. In contrast to the Minnesota Heart
Health Program, which failed to sustain
weight loss over 1 year, the Malmo study
illustrates the feasibility of a diet and exercise
intervention program in sustaining weight
loss over 5 years and reducing progression to
type 2 diabetes. The specific factors under-
lying the success of this program have not
been identified. It has also not been possible
to distinguish the specific roles of the diet
and exercise components of the program.
The success of the Malmo study promotes
optimism that effective strategies for the pre-
vention of obesity and type 2 diabetes may
be implemented. Further analysis of factors
underlying the success of this study is clearly
warranted.

In recent years, the prevalences of both
obesity and type 2 diabetes have become
especially high in minority groups
(1,3,94,95), including certain tribes of
Native Americans (1,3,96). For example,
rates of obesity (97) and type 2 diabetes
(13) in the Pima Indian tribe are among the
highest in the world. The factors that
underlie the increased prevalences of obe-
sity and type 2 diabetes in Native Ameri-
cans are incompletely understood (3,98).
However, both disorders occur far less fre-
quently in Native Americans living a "tra-
ditional" lifestyle, characterized by a
low-fat, high-complex-carbohydrate diet
and physical labor, than in those living in
an "affluent" environment, characterized
by a high-fat diet and little physical activity
(99). Community-based interventions to
modify diet and activity levels could thus
be an appropriate preventive strategy in
Native American communities (98).

The Zuni Diabetes Project is a commu-
nity-based exercise and weight-control pro-
gram to reduce rates of obesity and provide
primary and secondary prevention of type
2 diabetes (100). A study of the exercise
aspect of the program, which involves aer-

obic exercise sessions, was performed in 30
individuals with type 2 diabetes. Mean pro-
gram attendance was 1.7 sessions per week
for 37 weeks, and mean length of follow-
up was 50 weeks. Weight loss averaged 4
kg in participants vs. 0.9 kg in 56 nonpar-
ticipants matched for age, health care
provider, and duration of type 2 diabetes.
In participants, fasting glucose decreased
from 13.2 to 10.8 mmol/1. By contrast, fast-
ing glucose in nonparticipants only
changed from 12.6 to 12.4 mmol/1. In
addition, participants were more than two
times as likely as nonparticipants to have
decreased their diabetes medication.

The weight-control aspect of the pro-
gram included a weight-loss competition.
Participants received an educational packet
every 2 weeks. A team approach was
emphasized, and incentives were awarded
for different levels of participation and
achievement. Of the 271 participants, 92%
completed the 10-week program, and a
target weight loss of 2.3 kg or more was
achieved in 49% of program-completers.
The results of these studies illustrate that
community-based diet and exercise pro-
grams may be a feasible means of promot-
ing at least moderate weight loss in Native
American communities. School-based
interventions involving diet and exercise
are currently being investigated as a means
of preventing weight gain in Native Amer-
ican children (98).

The growing rate of obesity among
children and adolescents may increase
future rates of obesity in adults, since many
obese children are likely to remain obese as
adults (101). Thus, interventions in child-
hood obesity may provide an important
means of preventing adult obesity (92). A
prospective randomized study performed
by Epstein et al. (102) with family-based
behavioral therapy provides evidence that
the effects of treating childhood obesity
may persist at least until young adulthood.
Seventy-six obese 6- to 12-year-old chil-
dren and their parents were randomized
into three groups that received 8 months of
similar diet, exercise, and behavioral train-
ing but differed in the focus of reinforce-
ment. In two groups, either the child and
the parent or the child alone were rein-
forced for weight loss; in the third group,
the family was reinforced for attendance. At
both 5- and 10-year follow-up, children in
the child-plus-parent group showed
decreases in percentage overweight (—11.2
and —7.5%, respectively). In contrast,
increases in percentage overweight at 5 and

10 years were seen in children in the child-
only (2.7 and 4.5%) and attendance (7.9
and 14.3%) groups. These differences in
percentage overweight were the result of
differential weight gain in the three groups.
Although children in the child-plus-parent
group remained highly overweight, these
results indicate that strategies that reinforce
weight change in the family may have a
long-term impact on attenuating weight
gain during childhood and adolescence.

Menopause has been identified as a
high-risk period for weight gain (92). The
Women's Healthy Lifestyle Program focuses
on the prevention of weight gain during the
perimenopausal period (103). Five hundred
women ages 42-50 years will be randomly
assigned to either a lifestyle-intervention
program or an assessment-only control
group. The 20-week intervention involves a
group program designed to reduce intakes
of total and saturated fat and cholesterol
and to increase physical activity. All partici-
pants will be assessed annually. Initial results
in 60 women indicate better weight loss in
the intervention (—4.8 kg) than in the con-
trol (-0.09 kg) group. In addition, 50% of
women with BMI >25 have met their
weight-loss goal of 4.5-6.8 kg, and 75% of
women with BMI <24 have met their
weight-loss goal of 2.3 kg. Of course, the
long-term maintenance of this weight loss
and its impact on health risks remain to be
determined.

At present, there is little knowledge
concerning the prevention of obesity in
individuals or in populations (92). The pro-
grams described above serve to illustrate the
effectiveness of different prevention strate-
gies. Community-based education pro-
grams, such as the Minnesota Heart Health
Study, are often ineffective (92,93), but nev-
ertheless, engage a significant number of
individuals at relatively low cost (104). Inter-
ventions involving diet and exercise are dif-
ficult and expensive to implement and
maintain and sometimes have high rates of
recidivism (105). Moreover, the increasing
prevalence of obesity and type 2 diabetes in
minority populations has focused attention
on the need to develop strategies that are
culturally sensitive (95,105). As concluded
by the National Task Force on Obesity, the
most compelling need in obesity research
today is for well-designed studies on the
prevention of obesity (92).

TREATMENT OF OBESITY— As
discussed, little is known about the pre-
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Table 1—Weight-loss interventions in type 2
diabetes

Diet
Moderate caloric restriction
Macronutrient alterations

VLCDs
Behavioral therapy
Exercise
Pharmacological therapy
Bariatric surgery

vention of obesity and its impact on comor-
bid conditions such as type 2 diabetes. In
contrast, numerous studies have investi-
gated the treatment of established obesity.
As reviewed in an earlier section of this
document, these studies generally show
that weight loss has beneficial effects on
type 2 diabetes. However, many of these
studies have been conducted in optimal
settings such as inpatient metabolic wards
or outpatient multidisciplinary weight-loss
clinics (23). Many of the subjects involved
were volunteers who may have been
selected for motivation or compliance and
thus may not be representative of the gen-
eral obese type 2 diabetes population. As
shown in a recent meta-analysis of weight-
loss interventions in type 2 diabetes (106),
the majority of studies have used a one-
group pretest-posttest design, which tends
to inflate effect sizes. Moreover, few studies
have included follow-up.

The next section of this review
addresses the effectiveness of existing
weight-loss strategies in type 2 diabetes
(Table 1) and focuses, where possible, on
controlled experimental studies that
include a period of follow-up. Diet therapy
and the composition of weight-loss diets
are considered first. Next, very-low-calorie
diets (VLCDs), behavioral therapy, and
exercise are evaluated as alternative strate-
gies to improve weight management in
type 2 diabetes. Studies involving combi-
nations of these strategies are also included.
Finally, effects on type 2 diabetes of phar-
macological therapy to induce weight loss
and bariatric surgery are reviewed.

Diet
Diet and weight loss have traditionally been
the cornerstone of therapy in obese patients
with type 2 diabetes. However, as con-
cluded in a recent American Diabetes Asso-
ciation position statement (107), current
dietary strategies are usually not effective in

achieving long-term weight loss. As early as
1973, a review by West (108) acknowl-
edged that less than 15% of individuals
achieve long-term weight reduction and
that the majority of individuals fail to fol-
low dietary recommendations. A recent
study analyzed the food intake records of
patients attending a diabetes clinic in the
U.K. (109). Few of the 67 type 2 diabetes
patients evaluated had reduced their caloric
intake to lose weight or adjusted their car-
bohydrate and fat intakes to recommended
levels. In an 18-month study that com-
pared the use of three sets of dietary guide-
lines for type 2 diabetes (110), no
significant changes in body weight were
observed and almost none of the 70 sub-
jects achieved recommended intakes of car-
bohydrate or unsaturated fat. While dietary
nonadherence may, in a large part, under-
lie the poor success of such interventions,
it must be emphasized that weight loss
may also be opposed by physiological
adaptations that occur with dieting, such as
increased activity/responsiveness of the fat-
storage enzyme lipoprotein lipase (111)
and decreased energy expenditure (112).

The difficulty of promoting successful
weight loss with diet is illustrated on a
larger scale by the Diabetes Intervention
Study conducted in the former East Ger-
many (113) (Table 2). A group of 1,139
newly diagnosed type 2 diabetes patients
(average BMI 29.2) were randomly
assigned to either a standard diabetes clinic
or an intensive health-modification pro-
gram including a low-calorie diet. After 5
years, neither group lost weight and energy
intakes were 400 kcal/day higher than rec-
ommended for the general population.

In the U.K. Prospective Study 2,597
newly presenting type 2 diabetes patients
were treated with diet alone for 3 months
before randomization for pharmacological
therapy (54). The average caloric prescrip-
tion was 1,361 kcal/day, with calories
restricted according to level of obesity and
activity. The average weight loss over 3
months was 5 kg, and body weight
decreased from 130 to 123% of ideal.
Weight loss was greatest in the heaviest
patients, who were prescribed the most
restrictive diets. By study criteria, only 16%
of the group achieved satisfactory fasting
plasma glucose levels (6 mmol/1 or less).
These individuals had an average weight
loss of 8 kg, and their body weight
decreased from 132 to 121% of ideal. Not
surprisingly, the rate of weight loss achieved
in the initial 3 months was not sustained.

A multicenter randomized clinical trial
by Franz et al. (114) investigated the effects
of two levels of dietitian-provided nutrition
intervention. Although the primary out-
come measure was metabolic control,
strategies to promote weight loss were also
implemented. A total of 247 subjects with
type 2 diabetes (average BMI 33) were ran-
domized to receive either basic care con-
sisting of one dietitian session or
practice-guidelines care consisting of up to
three sessions within 6 weeks. At 6-month
follow-up, weight loss in the groups was
statistically significant but modest (overall
average loss, 1.4 kg). Between-group differ-
ences in weight loss were not statistically
significant. In the basic-care group, weight
loss averaged 1.7 kg and 16% achieved a
successful weight loss of 4.5 kg or more,
while in the practice-guidelines group,
weight loss averaged 1.4 kg and 19%
achieved successful weight loss. HbAlc (ini-
tial level of 8.3%) was significantly reduced
in both groups (—0.7% with basic vs.
—0.9% with practice-guidelines care). Over
the same period, a nonrandom comparison
group of 62 subjects who had no contact
with a dietitian showed no change in HbAlc.

A Finnish study performed by Laitinen
et al. (115) involved 86 obese patients with
recently diagnosed type 2 diabetes. After 3
months of basic diabetes education,
patients lost an average of 3.4 kg. They
were then randomly allocated to receive
intensive dietary therapy or conventional
diabetes treatment. The intensive interven-
tion lasted 12 months and involved six
bimonthly visits with a physician, a nurse,
and a clinical nutritionist. At the end of the
12-month experimental period, the inter-
vention group lost an additional 1.8 kg,
and the control group gained 1.0 kg.
Although this difference in weight change
was statistically significant, it is not large
given the difference in the intensity of the
treatments imposed.

In a study by Heller et al. (116), 75
obese (average BMI 31.4) patients with
newly diagnosed type 2 diabetes were ran-
domized to receive either routine clinic care
or group education by diabetes specialist
nurses and a dietitian in a British university
hospital. There was no standard diet pre-
scription. The education program consisted
of three weekly sessions and follow-up vis-
its at 3 and 6 months. At 6 months, patients
receiving group education lost significantly
more weight than did patients receiving
routine care (median losses of 7 vs. 2 kg,
respectively) and showed significantly bet-
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Table 2—Dietary interventions and weight loss in type 2 diabetes

Reference Study design Patients Outcome

Hanefeld et al. (113)

UKPDS Group (54)

Franz et al. (114)

Laitinen et al. (115)

Heller etal. (116)

Haddenetal. (117)

Randomized; treatment in standard diabetes
clinic vs. 5-year health modification
program including low-calorie (800-1,500
kcal/day) diet.

Single group; 3-month trial of diet alone
(average of 1,361 kcal/day, based on level of
obesity and activity) before drug therapy.

Randomized; dietitian-provided medical
nutrition therapy according to basic
(1 session) vs. practice-guidelines (3 sessions
in 6 weeks) care.

3 months of basic diabetes education, followed
by randomization to conventional treatment
vs. intensive dietary therapy
(6 bimonthly visits with physician, nurse,
and nutritionist).

Randomized; routine clinic care vs. group
education by nurses and dietitian (3 weekly
sessions, follow-up at 3 and 6 months).

Single group; 1,450 kcal/day diet and monthly
visits with physician and dietitian for
6 months; 2,000 kcal/day diet and visits
every 3 months for up to 72 months.

1,139 newly diagnosed patients
(average BM1 = 29.2)

2,597 newly diagnosed patients
(130% of ideal body weight)

247 patients
(average BMI = 33)

86 newly diagnosed patients
(average BMI = 33.5)

75 newly diagnosed patients
(average BMI = 31.4)

223 newly diagnosed patients
(32% above ideal weight
for age).

At 5 years, no overall weight loss in
either group.

Reduction to 123% of ideal body weight
(5-kg weight loss)

At 6-month follow-up, weight loss of
1.7 kg with basic care vs. 1.4 kg with
practice-guidelines care.
Successful weight loss of ^4.5 kg in
16% of basic care vs. 19% of
practice-guidelines care group.

At 3 months, overall weight loss of
3.4 kg. At end of 12-month
experimental period, weight gain of
1.0 kg with conventional treatment vs.
additional weight loss of 1.8 kg with
intensive treatment.

At 6 months, median weight loss of 2 kg
with routine care vs. 7 kg with group
education. At 1 year, median weight
losses were 3 and 5.5 kg, respectively.

Weight loss at 6 months of 9 kg, which
was maintained over 6-year
study period.

ter glycemic control (median HbA! of 7.5
vs. 9.5%). At 1 year, however, the difference
in weight loss became smaller (—5.5 vs. —3
kg) and a difference in glycemic control
was no longer observed.

One of the few reports of successful
long-term weight loss with diet comes from
the Diabetes Treatment Study (117), which
provided long-term access to therapeutic
contact. In this uncontrolled prospective
trial conducted in Northern Ireland, 223
patients with recently diagnosed type 2 dia-
betes (32% above desirable weight for age)
were placed on a 1,450-kcal diet for 6
months and seen monthly by physicians
and a dietitian. Caloric intake was then
increased to 2,000 kcal, and patients were
seen at 3-month intervals for up to 72
months. Average weight loss at 6 months
was 9 kg, and this was maintained for the 6-
year study period. Moreover, NIDDM could
be managed by diet alone in 87% of the
patients at 1 year and in 71% at 6 years.

The six studies reviewed above
involved middle-aged patients with a
recent diagnosis of type 2 diabetes who
were generally treated with diet alone.
Thus, patient variables, such as age, sever-
ity of diabetes, and its treatment, were not

likely to have contributed to the observed
differences in treatment outcome. Other
patient variables, such as motivation, can-
not be excluded but are difficult to assess.
The studies were performed in different
countries, thus introducing differences in
health care systems and dietary habits.
Most importantly, the studies differed in the
type of treatment provided, its frequency,
and its length. One major factor that char-
acterized the Diabetes Treatment Study,
where major weight loss was sustained,
was the initial use of frequent medical and
dietary counseling, which was then imple-
mented at intervals over a number of years.

In patients with type 2 diabetes, as in
the general population, the available data
seem to show that the implementation of
successful weight loss with diet is often
difficult to achieve and even more difficult
to maintain. With moderate caloric restric-
tion, individuals generally lose ~10% of
initial body weight (118). However, an
average of one-third of the lost weight is
usually regained in the year after treatment,
and almost all of the lost weight may be
regained within 5 years (119). This alarm-
ing degree of recidivism has promoted the
recognition that obesity, like type 2 dia-

betes, is a chronic condition that requires
continuing care and major lifestyle changes
(119-121). Although not a controlled
study the Diabetes Treatment Study (117)
does illustrate that maintenance of signifi-
cant weight loss may be achieved when
weight-loss therapy is provided on a long-
term basis. Furthermore, as shown in con-
trolled studies involving nondiabetic
individuals (121,122), maintenance of
weight loss is improved when some form of
follow-up contact is provided.

Diet composition
Prescription of a weight-loss diet in type 2
diabetes requires attention to the effects of
that diet on both glycemic control and the
associated risk factor of dyslipidemia. There
has been controversy concerning the opti-
mal nutrient composition of diets for weight
loss in type 2 diabetes, as well as for type 2
diabetes in general (123-126). Neverthe-
less, few controlled studies have investigated
the effects of diet composition on weight loss
in type 2 diabetes. The few available studies
have been of short duration and have
involved a limited number of subjects.
Low-fat diets. In nondiabetic subjects of
normal weight, several well-controlled lab-
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oratory investigations have shown that con-
sumption of a low-fat diet promotes weight
loss (127-129). However, in overweight
and obese subjects, low-fat diets have not
consistently been associated with better
weight loss (130).

Until recently, dietary recommenda-
tions for patients with diabetes have
emphasized the reduction of calories from
total and saturated fat and their replace-
ment with calories from starches (131).
The rationale underlying this approach has
been that lower-fat diets will reduce the risk
of coronary artery disease by reducing total
and LDL cholesterol levels. However, in
patients with type 2 diabetes, there has
been some concern that the substitution of
carbohydrate for fat in the diet may impair
glucose tolerance, increase hypertriglyc-
eridemia, and reduce HDL cholesterol
(123,126,132). Deleterious effects of a
high-carbohydrate diet were not observed
in a recent randomized 10-center study
that compared a prepared meal plan
designed to meet national cardiovascular
risk reduction guidelines with a similarly
designed self-selected diet in 560 subjects
with type 2 diabetes, hypertension, or dys-
lipidemia (133). The macronutrient com-
position of the diets, which were followed
for 10 weeks, was (by calories) ~62% car-
bohydrate, 21% protein, and 17% fat. On
both diet plans, subjects with diabetes
showed significant decreases of plasma glu-
cose, insulin, fructosamine, and HbAlc, and
the cohort as a whole showed significant
improvement of lipid parameters.

Few studies have specifically varied the
fat contents of weight-loss diets in type 2
diabetes. Pascale et al. (134) studied 44
obese women with type 2 diabetes who
were enrolled in an intensive behavioral
weight-control program. The women were
randomized to consume a 1,000-1,500
kcal/day diet containing either <30% or
<20% fat. The group on the 20% fat diet
had lost significantly more weight at the
end of the 16-week program (—7.7 vs.
—4.6 kg). Even after adjusting for differ-
ences in weight loss, improvements in fast-
ing glucose, glycosylated hemoglobin, and
total cholesterol levels were similar in the
two diet groups at 16 weeks. Although at 1-
year follow-up the 20% fat group main-
tained significantly better average weight
loss (-5.2 vs. -1.0 kg), only 33% of this
group maintained a weight loss of 5 kg or
more. With weight regain, none of the ini-
tial 16-week metabolic improvements were
maintained in either diet group.

Advantages of a hypocaloric, lower-fat
diet were not observed in a study of weight
loss in 25 obese women, 13 of whom had
a history of gestational diabetes (135). This
blinded, randomized, crossover study com-
pared 6 weeks of treatment with 1,500
kcal/day diets containing either 40 or 55%
carbohydrate. The diets were provided
largely in the form of nutritional supple-
ment bars. Weight losses on the diets were
comparable. During the first phase of treat-
ment, most women lost 2.3-4.5 kg. During
the second phase, there was reduced
adherence to the diets and weight losses
declined. In general, triglyceride levels
became higher during treatment with the
lower-fat, 55% carbohydrate diet. This
study differed from the Pascale et al. (134)
study both in the length of treatment and in
the form of the diet. In addition, the Pascale
et al. (134) study was implemented within
a more comprehensive weight-control pro-
gram, which included training in diet,
behavioral modification, and exercise.
High-monounsaturated-fat diets. Poten-
tial deleterious effects of high-carbohydrate
diets in some patients with type 2 diabetes
have prompted the investigation of diets
enriched with monounsaturated fatty acids
(MUFAs) (126). Several short-term studies
have in fact shown that such diets are asso-
ciated with better glycemic control and
lower triglyceride levels than high-carbo-
hydrate diets (136-138). However, these
improvements, in some cases, neither were
of sufficient magnitude to be considered
clinically significant nor were associated
with more important measures of glycemic
control such as glycosylated hemoglobin.
There is some concern that in the longer
term, the increased fat content of such diets
may promote weight gain and thus impair
glycemic control through increased insulin
resistance (124).

A recent short-term study compared
the weight-loss effects of hypocaloric (50%
of maintenance calories) formula diets
enriched with MUFAs (49% of calories,
70% calories from fat) or carbohydrates
(70% of calories, 10% calories from fat)
(139). Seventeen obese patients with type 2
diabetes were matched for fasting glucose
level and BMI; nine of the patients con-
sumed the MUFA diet and eight consumed
the high-carbohydrate diet for 6 weeks.
Weight losses were similar in the two
groups, but the MUFA group showed
significantly greater decreases in fasting and
24-h glycemia. After 4 weeks of refeeding
on the diets to achieve weight maintenance,

postprandial glycemia deteriorated in the
high-carbohydrate group but not in the
MUFA group.

There is clearly a need for longer, larger-
scale studies to investigate the optimal diet
compositions to promote weight loss in
type 2 diabetes and the effects of such diets
on metabolic control. However, note that
several reviews of the dietary treatment of
obesity have concluded that weight loss
cannot be achieved or maintained without
a reduction of caloric intake, regardless of
diet composition (118,130,132).
VLCDs. VLCDs were developed as a means
of achieving larger and more rapid weight
losses than are attainable with standard low-
calorie diets, but without the dangers of
total starvation (140). Current VLCDs are
consumed over a 12- to 16-week period
and contain 400-800 kcal/day, with at least
70 g of high-quality protein to conserve
lean body mass (23,25,140). VLCDs are
now administered in the form of either liq-
uid formulas or solid foods. Food-based
VLCDs are called protein-sparing modified
fasts and consist of lean meat, fish, and fowl
(141). The use of VLCDs including both a
liquid formula and solid foods has also been
evaluated (80).

Individuals treated with VLCDs gener-
ally lose more weight more rapidly and
have higher short-term success in achieving
weight loss than do individuals treated with
more moderate caloric restriction (23).
VLCDs have produced weight losses of
15-20 kg in 12 weeks, which is more than
twice the average weight loss of 8.5 kg in
20-24 weeks produced by standard low-
calorie diets of 1,000-1,500 kcal/day
(142). With VLCDs, 90% of patients may
lose 10 kg or more, whereas with standard
low-calorie diets, only 60% of patients lose
this amount (140).

Current VLCDs are generally recog-
nized as safe when administered under
proper medical supervision (140). Com-
mon side effects, which are generally well
tolerated, include fatigue or weakness,
dizziness, constipation, diarrhea, nausea,
headache, and cold intolerance (23,25,
140). More serious side effects have
included gallstones, acute cholecystitis, and
gout. According to the National Task Force
on the Prevention and Treatment of Obesity
(140), use of a VLCD is generally indicated
only in well-motivated individuals with
BMI >30 who have failed at more moder-
ate approaches to weight loss. Use of a
VLCD may also be indicated in individuals
with BMI of 27-30 who have likewise
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Table 3—Controlled studies of VLCDs in type 2 diabetes

Technical Review

Reference Study design Number of patients Outcome

Wing et al. (147)

Wing etal. (148)

Wing et al. (77)

Anderson et al. (80)

Behavioral program with standard 1,000
kcal/day diet throughout vs. 400 kcal/day
VLCD for 12 weeks followed by gradual
increase of intake to 1,000 kcal/day from
week 16 onward.

20-week behavioral program with standard
1,000-1,500 kcal/day diet throughout or
inclusion of an 8-week
400 kcal/day VLCD.

50-week behavioral program with standard
1,000-1,200 kcal/day diet throughout or
inclusion of two 12-week periods of
400-500 kcal/day VLCD.

12-week behavioral program with 800 kcal/
day diet as liquid formula alone vs. liquid
formula plus evening meal of solid food.

93 (>30% above ideal body
weight)

36 (average BM1 = 37.7)

93 (average BMI = 37.9),
74 in 2-year follow-up.

40 (BMI = 30-40)

Target 11% weight loss achieved in
35% of standard diet group in 12.7
weeks vs. 80% of VI.CD group in Q.I
weeks. 15 weeks later, weight losses
from study entry of 18.1 kg in
the standard diet vs. 19.2 kg in the
initial VLCD group.

At 20 weeks, greater weight loss in
VLCD (-18.6 kg), than in standard
diet (-10.1 kg) group. At 1 year,
weight-loss maintenance similar
(—8.6 and —6.8 kg, respectively).

Difference in weight loss maximum at
end of first VLCD (12 weeks):
11.1 kg in standard diet vs. 16.0 kg
in VLCD group. At 50 weeks,
losses were 10.5 and 14.2 kg,
respectively. At 2 years, weight loss
from study entry similar: 5.7
and 7.2 kg, respectively.

No effect of form of diet. Average weight
loss of 15.7 kg at 12 weeks,
8.8 kg at 1-year follow-up.

failed to lose weight and who have a
comorbid condition such as type 2 diabetes
that may improve with rapid weight loss.

A major concern regarding the use of
VLCDs in obese patients in general is that
long-term maintenance of this weight loss
is often poor (119,140,142,143). For
example, Wadden and Stunkard (144)
observed that patients regained 64% of
their weight loss within 1 year, and Sikand
et al. (145) found that patients regained
almost their entire weight loss within 2
years. At 5-year follow-up, Wadden et al.
(146) found regain up to or beyond pre-
treatment weight in 61% of patients treated
with a VLCD.

Controlled clinical trials have shown
that VLCDs generally result in greater
weight loss and slower weight regain when
combined with behavior therapy and in
better maintenance of weight loss when
combined with exercise (140). As a result,
VLCDs are now often administered within
the framework of multifaceted weight-con-
trol programs that also include behavior
therapy, nutritional education, and exer-
cise. A drawback of VLCDs is their high
cost, which has been estimated at $3,000
for 26 weeks of treatment (140). VLCDs are
considered more expensive to administer
than low-calorie diets and, although con-
sidered safe when administered under

proper medical supervision (140), present
more risks than standard low-calorie diets
(119). Moreover, when the high rates of
weight regain following VLCDs are consid-
ered, the cost per kilogram of weight loss
with VLCDs becomes significantly higher
than the cost of conventional diets (140).

As shown in a recent meta-analysis
(106), VLCDs have been the dietary inter-
vention studied most often with regard to
weight loss in type 2 diabetes. Many of these
studies have been short-term and have been
conducted in small numbers of hospitalized
patients to analyze the metabolic improve-
ments associated with weight loss (23). Sev-
eral studies indicate that obese patients with
type 2 diabetes may lose slightly less weight
than nondiabetic patients (50,51) but that
they do not exhibit greater loss of lean body
mass (50). A review of VLCD therapies last-
ing from 23 days to 6 months concluded
that average weight loss attained in patients
with type 2 diabetes is generally in the range
of 1-3 kg per week (23).

In obese patients with type 2 diabetes,
treatment with VLCDs has generally been
associated with large, statistically significant
improvements in body weight and in most
major metabolic control variables (106).
Numerous studies have shown a rapid
improvement in metabolic control within
the first 1-2 weeks of treatment and before

significant weight loss (46-53). For exam-
ple, in a study performed by Henry et al.
(48) of 30 obese type 2 diabetes patients
treated with a 330 kcal/day diet for 40 days,
87% of the reduction in fasting plasma glu-
cose levels (—139 mg/dl, or —7.7 mmol/l)
occurred within the first 10 days of the
diet, when only 4.6 kg was lost. By day 40,
fasting plasma glucose levels decreased by
only an additional 20 mg/dl (1.1 mmol/l) as
total weight loss increased to 10.5 kg. With
refeeding to maintain weight loss, much of
the initial glyecmic improvement was lost;
fasting plasma glucose levels increased by
80% during 40 days of isocaloric feeding.
Such findings support the concept that
caloric restriction, rather than weight loss, is
the major factor underlying the glucose-
lowering effects observed with VLCDs.

The above findings imply that a large
part of the superior metabolic improvement
associated with VLCDs may endure only as
long as severe caloric restriction is main-
tained. This possibility is supported by the
results of a study by Wing et al. (147) that
compared the metabolic effects of compa-
rable (11%) weight loss in patients who
were randomized to treatment with either a
400 or a 1,000 kcal/day diet (Table 3). This
study also permits some comparison of the
effects on weight loss of a VLCD versus
more moderate caloric restriction in type 2
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diabetes patients. Only 53 of the 93 patients
studied managed to achieve an 11% weight
loss in 20 weeks. A significantly greater per-
centage of patients achieved this goal in the
400-kcal compared with the 1,000-kcal
condition (80 vs. 35%, respectively). In
addition, the target weight loss required
fewer weeks of dieting in the 400-kcal con-
dition (9.1 vs. 12.7 weeks, respectively). On
achievement of the target weight loss,
patients in the 400-kcal condition had
significantly lower fasting glucose levels and
greater insulin sensitivity than did patients
in the 1,000-kcal condition.

Intake in the 400-kcal group was then
increased to 1,000 kcal/day and both
groups were studied for an additional 15
weeks. Weight loss from entry to end of
study was comparable (—19.2 kg in the
initial 400-kcal group vs. —18.1 kg in the
1,000-kcal group). The group initially
treated with the 400-kcal diet showed a
modest increase in fasting glucose and no
further change in insulin sensitivity, while
the group treated with the 1,000-kcal diet
throughout showed a further decrease in
fasting glucose and a trend toward further
improvement in insulin sensitivity. As a
result, the groups no longer differed in
either fasting glucose level or insulin sensi-
tivity at the end of the 15-week period.

The above short-term study does con-
firm that in patients with type 2 diabetes, a
VLCD is initially associated with superior
weight loss and improvements in glycemic
control, but it also implies that these supe-
rior initial effects of a VLCD may be lost
when caloric intake is increased only to the
level of a conventional weight-loss diet. In
obese patients with type 2 diabetes, it is thus
important to know whether the increased
costs of VLCDs are justified in terms of
their effects on the long-term maintenance
of weight loss and glycemic control.
Numerous noncomparative metabolic ward
studies have documented that VLCDs may
induce excellent short-term weight loss and
improvements in metabolic control. How-
ever, few comparative studies have evalu-
ated the long-term effects of VLCDs in
obese patients with type 2 diabetes.

In another study by Wing et al. (148),
36 obese patients with type 2 diabetes were
treated in an intensive 20-week behavioral
weight-loss program that either used a
1,000-1500 kcal/day diet or included an 8-
week period of a 400 kcal/day VLCD. At the
end of the program, the VLCD group
showed greater weight loss (—18.6 vs.
— 10.1 kg) and reductions in fasting glucose

(-6.5 vs. -3.5 mmol/1) and HbAi (-3.1
vs. -1.8%). At follow-up 1 year later, the
groups maintained similar weight losses
(-8.6 vs. -6.8 kg). Nevertheless, the VLCD
group continued to show small but signifi-
cant decreases in fasting glucose (—3.8
mmol/1) and glycosylated hemoglobin
(—1.2%). In the conventional diet group,
both of these measures had increased to
beyond prestudy levels. Thus, despite main-
tenance of similar weight loss, only the
VLCD group maintained some long-term
improvement of glycemic control.

A more recent study by Wing et al.
(77) in 93 patients evaluated a 50-week
behavioral program that included two 12-
week periods of a 400-500 kcal/day VLCD.
At the end of the first VLCD (12 weeks),
maximum differences were observed
between the VLCD group and the group
treated throughout with 1,000-1,200
kcal/day in both weight loss (—16.0 vs.
— 11.1 kg, respectively) and improvement
in HbAj. At the end of the program, the
VLCD group still showed slightly more
weight loss than the standard diet group
(—14.2 vs. —10.5 kg). However, reduc-
tions in HbAj from study entry to 1 year
were statistically similar in the VLCD
(-2.3%) and standard diet (-1.4%)
groups, as were reductions in fasting glu-
cose and insulin levels. In addition, the
groups showed a similar significant
decrease in waist-to-hip circumference
ratio, an index of upper-body distribution
of body fat that is associated with both
type 2 diabetes and cardiovascular disease
(82). This improvement in body fat distri-
bution was related to overall weight loss
rather than to glycemic control.

Of the patients studied by Wing et al.
(77), 74 attended a 2-year follow-up assess-
ment. Weight loss from prestudy was sim-
ilar in the VLCD (—7.2 kg) and standard
(—5.7 kg) diet groups. Despite this 2-year
maintenance of an average 6-kg weight
loss, all laboratory measures of glycemic
control had reverted to prestudy levels in
both groups. Significantly more patients in
the VLCD than in the standard diet group
(55 vs. 31%) were able to remain off dia-
betes medication. Nevertheless, the authors
concluded that the extent of the long-term
differences between the VLCD and stan-
dard diet conditions was quite modest and
thus of questionable clinical significance.

In nondiabetic obese patients treated
with VLCDs, a controlled trial found no
additional benefit of restricting intake to
<800 kcal/day (149). The studies in obese

patients with type 2 diabetes described
above used diets of only 330-500 kcal/day.
A recent study by Anderson et al. (80) in 40
obese patients with type 2 diabetes suggests
that similar weight loss may be obtained
through the use of an 800 kcal/day VLCD
within an intensive behavioral program.
Patients were randomized to consume the
diet either as a liquid formula alone or in
combination with an evening meal of solid
food, but results were not influenced by the
form of the diet. At the end of 12 weeks,
patients lost an average of 15.7 kg. Meta-
bolic improvements included a 27.8%
reduction in serum glucose and a 20.8%
reduction in glycosylated hemoglobin. At
1-year follow-up, an 8.8-kg weight loss
was maintained. Long-term effects on
glycemic control are not reported, although
it is mentioned that blood pressures
remained significantly reduced despite less
use of antihypertensive medication. Simi-
larly, an inpatient study by Bauman et al.
(73) found that treatment with a 900
kcal/day diet for 23 days resulted in an
average weight loss of 1.8 kg/week. In the
62 patients evaluated, fasting plasma glu-
cose fell from 221 to 122 mg/dl (12.3 to 6.8
mmol/1). As a result of such findings, more
moderate diets of 800 or more kcal/day are
now often used in place of more severe
VLCDs of <800 kcal/day (25).

Obese patients with type 2 diabetes
may benefit from VLCDs because these
diets generally produce large initial
improvements in glycemic control
(23,25,140,143). In patients with type 2
diabetes, use of these diets requires careful
blood glucose monitoring and adjustment
of diabetes medication. Not all patients
with type 2 diabetes who experience
weight loss on a VLCD show significant
improvements in glycemic control. Accord-
ing to a retrospective study (59), 60% of
135 patients who lost at least 9.1 kg after
3-7 days of fasting followed by 2 weeks of
a 500 kcal/day VLCD maintained a random
plasma glucose level of > 10 mmol/1. These
nonresponders were considered to suffer
from insulin deficiency and, with weight
loss, were farther from ideal body weight
than responders, who were considered to
suffer largely from insulin resistance. In a
smaller study of a 500 kcal/day diet (150),
patients who had had type 2 diabetes for
>5 years (n = 8) showed less improvement
in fasting glucose and oral glucose toler-
ance than did patients who had had type 2
diabetes for <2 years (n = 10). This differ-
ence was observed even though the groups
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Table 4—Behavioral therapy and weight loss in type 2 diabetes

Technical Review

Reference Study objective Number of patients Outcome

Guare et al. (153)

Wing et al. (56)

Wing etal. (154)

Wing etal. (156)

McNabb et al. (160)

To compare weight losses of women with
or without type 2 diabetes in a
16-week program.

To assess long-term effects of participation in
behavioral programs that met weekly for
10-16 weeks, monthly for next 6 months,
and then at 9 and 12 months (data
compiled from three separate studies).

To examine outcome predictors of treatment
in 12- to 20-week programs with 1 year of
monthly follow-up.

To compare weight losses of black patients
and white patients in a 1-year program.

To assess weight loss in an 18-week program
designed for inner-city black women.

20 nondiabetic, 23 with type 2
diabetes matched for age and
weight (average BMI = 34)

114 (59% above ideal weight)

178 (average BMI = 36.5)

16 black, 59 white
(average BMI = 37.7)

13 (average BMI = 35.6)

At 16 weeks, weight loss of 6.4 kg
in nondiabetic vs. 7.4 kg in women
with type 2 diabetes. At 1 year, regain
of 1.0 and 5.4 kg, respectively.

At end of weekly treatment, weight loss
averaged 5.6 kg. At 1 year, maintenance
of 4.5-kgloss.

Average weight loss of 7.3 kg at end of
weekly treatment, 4.8 kg at 1 year.

Men had greater weight loss than
women; weight loss was not related to
diabetes treatment modality.

Average weight loss of 7.1 kg in black
patients vs. 13.9 kg in white patients.

At 1 year, maintenance of 4 kg weight
loss. Retrospective control group
gained 1.4 kg.

had similar initial degrees of obesity and
fasting and oral glucose tolerance and
incurred similar weight loss.

In summary, the available data indicate
that in obese patients with type 2 diabetes,
treatment with a VLCD generally results in
a large initial weight loss and improvement
in glycemic control but that these effects are
seldom maintained on a chronic basis. Cur-
rent VLCD programs are costly, and it is
unclear whether these additional costs are
justified in terms of the long-term improve-
ments in weight loss and glycemic control
that have been maintained. In addition,
some data suggest that not all obese
patients with type 2 diabetes show the
same degree of glycemic improvement
when treated with a VLCD. The use of
VLCDs in obese patients with type 2 dia-
betes clearly requires further studies to
investigate strategies to help maintain the
superior short-term effects of such diets on
both weight loss and diabetes control and
to identify the patients most likely to attain
these improvements.

Behavioral therapy
Behavioral weight-control therapies are
based on the premise that weight loss can
be achieved by altering eating and/or exer-
cise behaviors (142,151). Behavioral ther-
apy is usually provided in weekly sessions
to groups of 6-20 individuals, which is
more cost-effective than individual treat-
ment. Careful self-monitoring of food
intake and exercise is one of the most

important components of behavioral treat-
ment. Other aspects include training in
problem solving, nutrition education, self-
reinforcement, and stimulus control tech-
niques to limit exposure to food. Many
programs now also include cognitive ther-
apy to help the individual overcome self-
defeating thoughts.

In general, the rate of weight loss
obtained with behavioral programs is only
0.4 to 0.5 kg per week (142). However, the
majority of data on behavioral weight-loss
treatments is derived from university-based
studies and may thus overestimate the
amount of weight loss achieved under nor-
mal clinical practice (152).

According to a recent meta-analysis of
weight-loss interventions in type 2 diabetes
(106), behavioral therapy alone was associ-
ated with the smallest overall mean change
of body weight except for that observed
with exercise alone. In a controlled study of
patients matched for age and weight (153),
the weight loss of 20 obese women with
type 2 diabetes enrolled in a 16-week
behavioral program was comparable to that
of 23 nondiabetic women (—7.4 and —6.4
kg, respectively; Table 4). However, at 1-
year follow-up, the type 2 diabetes group
showed poorer weight maintenance and
regained 5.4 kg, compared with only 1.0 kg
in the nondiabetic group.

The majority of controlled studies on
the behavioral treatment of obesity in type
2 diabetes have been conducted by Wing
and colleagues at the University of Pitts-

burgh and thus involve a fairly homogenous
group of patients. In a review of these stud-
ies, Wing (151) concluded that the degree
of weight loss achieved and maintained in
behavioral programs has increased as pro-
grams have increased in length and have
included additional components such as
diet modification and exercise. For exam-
ple, the initial 16-week behavioral program
resulted in a 6.3-kg weight loss, which was
statistically superior to the 3.9-kg weight
loss attained in a standard 16-week nutri-
tion education program. At 1-year follow-
up, weight-loss maintenance was poorer in
the behavioral program (—1.8 kg) than in
the nutrition education program (—3.8 kg),
although this difference was not statistically
significant. In contrast, weight loss in a
more recent 1-year behavioral program that
included the use of VLCDs was 12.3 kg at
6 months, and 10.5 kg of this weight loss
was maintained at the end of the year.

Behavioral programs have generally
promoted only modest weight loss. How-
ever, an analysis of data compiled from
114 type 2 diabetes patients participating
in three studies of behavioral treatments at
the University of Pittsburgh demonstrated
that in some patients, the amount of weight
lost may be large enough to have a long-
term effect on glycemic control (56). On
study entry, patients were 59% above ideal
body weight. At the end of 10-16 weeks of
treatment, patients lost an average of 5.6
kg. Treatment was conducted monthly for
the next 6 months and then at 9 months
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and 1 year. At 1 year, an average weight loss
of 4.5 kg was maintained. Patients who lost
>6.9 kg (n = 26) or 5% or more of initial
body weight (n = 44) showed significant
improvement of glycosylated hemoglobin
at the end of 1 year. This improvement was
attained despite the fact that these patients
remained 42% above ideal body weight.

In the above study, the majority of
patients did not achieve weight loss suffi-
cient to improve long-term glycemic con-
trol. Patient variables associated with
successful outcome were analyzed in an
additional study of 178 obese patients with
type 2 diabetes who participated in behav-
ioral weight-control programs that met
weekly for 12-20 weeks and included
monthly follow-up for 1 year (154). Weight
loss averaged 7.3 kg at the end of weekly
treatment and 4.8 kg at 1 year. Sex was the
only variable significantly related to weight
loss: men lost more weight than women at
end of treatment (—9.5 vs. —6.3 kg, respec-
tively) and maintained greater weight loss at
1 year (—6.9 vs. —3.8 kg). Weight loss was
not related to type of diabetes treatment:
patients treated with diet alone, oral agents,
or insulin did not differ in weight loss at
either time point. The variable that had the
largest effect on improvement in glycemic
control, as assessed by fasting blood glucose
or HbAk, was the initial level of fasting
blood glucose. Thus, patients whose initial
blood glucose level exceeded 200 mg/dl
(11.1 mmol/1) showed the greatest improve-
ments in glycemic control.

In the U.S., blacks have a higher preva-
lence of type 2 diabetes than whites and
exhibit higher rates of diabetes-related com-
plications and death (1,3,94,95). In black
women, the prevalences of type 2 diabetes
and obesity are especially high (155). A
recent study compared the effectiveness of a
year-long behavioral weight-control pro-
gram in obese black and white patients with
type 2 diabetes (156). Overall weight losses
averaged only 7.1 kg in black patients com-
pared with 13.9 kg in white patients. The
poorer outcome in black patients resulted
from greater weight regain during the sec-
ond 6 months of the program, when their
attendance declined. Although only 16 of
the 75 patients were black, these results are
consistent with other reports showing that
blacks are often less successful at weight loss
than whites (157-159).

A preliminary report has appeared
concerning PATHWAYS, a behavior-ori-
ented program designed for inner-city
black women with type 2 diabetes (160).

Ten of the 13 women who completed the
18-week program showed an average
weight loss of ~4 kg, which was main-
tained at 1-year follow-up. In contrast, a
retrospective control group showed a 1.4-
kg weight gain over the same period.
Despite maintenance of weight loss, pro-
gram participants showed an increase of
glycosylated hemoglobin to prestudy level.

To summarize, in obese patients with
type 2 diabetes, the available data indicate
that behavioral treatments have resulted in
only modest weight losses, which in some
cases have been associated with long-term
effects on glycemic control. Behavioral
treatment programs have become more
costly as they have increased in length. For
example, the cost per kilogram of weight
loss of a 26-week behavioral treatment pro-
gram has become similar to the cost of a
VLCD (140). However, as recent reviews
have indicated (151,161), the amount of
weight loss attainable in behavioral pro-
grams and its long-term maintenance may
be improved when such programs use a
combination treatment approach based on
diet modification and exercise. The avail-
able data on the effects of exercise on the
treatment of obesity in individuals with
type 2 diabetes are reviewed in the follow-
ing section.

Exercise
In obese individuals, exercise may improve
blood pressure, lipid and insulin levels, and
cardiopulmonary function even in the
absence of weight loss (162). Exercise
improves insulin sensitivity and acutely low-
ers blood glucose (132,163). Exercise may
also increase psychological well-being and
self-esteem (162). However, the effects of
exercise on weight loss are generally modest:
controlled studies of exercise training have
generally found weight losses of only 2-3 kg
in exercised groups compared with seden-
tary control groups (164). When exercise is
combined with diet, the average additional
weight loss is only 1.8 kg beyond that
observed with diet alone. Exercise is never-
theless considered a major determinant of
the long-term maintenance of weight loss
(142,151,161,162,165). Several correla-
tional studies have shown that individuals
who exercise maintain their weight losses
better than those who do not (166-169). A
recent report of the National Weight Control
Registry Study of individuals who have
maintained a weight loss of at least 13.6 kg
for at least 1 year shows that the majority of
the 784 individuals enrolled modified both

diet and physical activity during both initial
weight loss (89%) and weight-loss mainte-
nance (88%) (169). As a randomized clini-
cal trial has shown, moderately obese men
who exercised continued to maintain most
of their weight loss as long as 18-36 months
after treatment with a standard low-calorie
diet or a VLCD (170).

In patients with type 2 diabetes, a
recent meta-analysis showed that exercise
alone was associated with the poorest
effects on weight loss of all interventions
evaluated (106). For example, in an uncon-
trolled study of a 3-month exercise-based
diabetes program (57), 111 moderately
obese patients with type 2 diabetes showed
an average body weight reduction of only
2.4 kg. Nonetheless, this weight loss was
accompanied by significant improvements
in fasting plasma glucose, serum triglyc-
eride, and glycosylated hemoglobin levels.
A modest reduction of blood pressure also
occurred. Both the specific contributions of
the exercise and diet aspects of this pro-
gram and whether this degree of weight
loss and metabolic improvement could be
sustained in the longer term are unknown.
However, note that adherence to this exer-
cise program was poor, with only 50% of
participants continuing at 3 months and
only 10% continuing at 1 year.

Controlled studies evaluating the com-
parative effects of exercise on weight loss in
type 2 diabetes have yielded conflicting
results (Table 5), but these studies have var-
ied greatly in methodology, including the
type of exercise intervention used. Three
short-term, comparative studies that
included no follow-up will be considered
first. Two of these studies (171,172)
showed no advantage of exercise alone or
in combination with diet. The third study
(173) showed that the combination of diet
and exercise was superior to diet alone.

In a study by Kaplan et al. (171), 65
individuals with type 2 diabetes were ran-
domly assigned to behavioral treatment
programs involving exercise alone, diet
alone, or their combination or to a standard
program of diabetes education. Each pro-
gram lasted 10 weeks; the combination
program included 5 weeks of diet followed
by 5 weeks of exercise. The exercise pro-
gram involved stretching and walking. Two
weeks after completion of treatment,
weight loss was greatest in the diet-alone
(—3.3 kg) versus the exercise-alone (—0.6
kg), combination (—0.3 kg), and educa-
tion-control (+0.05 kg) groups. The diet-
alone group also experienced a significant
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Table 5—Controlled studies of exercise and weight loss in

Reference

Short-term studies
Kaplan etal. (171)

Bogardus et al. (172)

Yamanouchi et al. (173)

Longer-term studies
Hartwell et al. (174)

Wing etal. (175)

Wing etal. (175)

Treatment condition

Diabetes education
Diet
Exercise
Diet and exercise
VLCD
VLCD and exercise
Diet
Diet and exercise

Diabetes education
Diet
Exercise
Diet and exercise
Diet/placebo exercise
Diet/intense exercise
Diet
Diet and exercise

type 2 diabetes

Treatment length

10 weeks

12 weeks

6-8 weeks

10 weeks

6 months

1 year

Number of patients

65

18

24

76

25

30

Technical Review

Weight loss (kg)

4-0.05
3.3
0.6
0.3
9.9

11.1
4.2
7.8

4-1.0 (at 6 months)
3.5
1.4
0.25

4.0 (at 1 year)
7.8
3.8
7.9

increase in HDL cholesterol (5.45 mg/dl, or
0.14 mmol/1) and decrease in LDL choles-
terol (—14 mg/dl, or 0.36 mmol/1) in com-
parison with the other three groups. The
poor effects observed in the exercise-alone
and combination groups may be related to
the modest exercise protocol used. In addi-
tion, the combination diet and exercise
intervention was implemented through
successive condensed versions of the indi-
vidual diet and exercise protocols rather
than as a concurrent intervention.

Bogardus et al. (172) compared the
effects of 12 weeks of physical training and
a 600 kcal/day diet to those of the diet
alone in 18 overweight volunteers with
1GT or type 2 diabetes. The training pro-
gram consisted of stretching, light weight
lifting, and aerobic exercise. Physical train-
ing plus diet and diet alone induced simi-
lar losses of body weight (—11.1 and —9.9
kg, respectively). Improvements in body
composition, fasting levels of plasma glu-
cose, serum C-peptide, and insulin, as well
as in the glycemic response to a mixed
meal, were also similar. In this study, the
caloric restriction imposed may have been
too great to allow the expression of poten-
tial additional effects of exercise.

A 6- to 8-week inpatient study per-
formed by Yamanouchi et al. (173) com-
pared daily walking (at least 10,000
steps/day on a flat surface) plus a
1,000-1,600 kcal/day diet to the diet alone
in 24 obese patients with type 2 diabetes. In
this case, exercise plus diet resulted in supe-

rior weight loss compared to diet alone
(—7.8 vs. —4.2 kg, respectively). The com-
bination of exercise plus diet also resulted in
improved insulin sensitivity, as shown by
increased rates of glucose infusion and
metabolic clearance during a euglycemic
insulin clamp. In contrast to the two stud-
ies reviewed above, the success of this diet-
plus-exercise intervention may be related
both to the intensity of exercise imposed
(subjects walked ~8.4 miles/day) and to
the use of more moderate caloric restriction.

The comparative effects of exercise
interventions on the long-term maintenance
of weight loss and metabolic improvements
have also been conflicting. Three longer-
term studies will be evaluated. One of these
(174) showed that diet alone was superior
to both exercise alone and the combination
of diet and exercise. In contrast, the second
two studies (175), which used more fre-
quent and/or longer interventions and more
intense exercise, showed that exercise may
have a significant long-term impact on
weight loss and glycemic control.

A study in 76 patients with type 2 dia-
betes (174) compared the effects of the
behavioral programs used by Kaplan et al.
(171; see above) 3 months after termina-
tion of treatment and again found superior
improvements with diet alone. The diet-
alone group maintained a weight loss of 3.5
kg, compared with a weight loss of only 1.4
kg in the exercise-alone group. The group
treated with diet plus exercise had a weight
loss of only 0.25 kg, while the education-

control group gained 1.0 kg. The diet-alone
group also showed a statistically superior
reduction of fasting blood glucose, which
amounted to 44.6 mg/dl (2.5 mmol/1). The
education-control and diet-plus-exercise
groups decreased their fasting glucose lev-
els by 16.0 (0.9 mmol/1) and 5.4 mg/dl (0.3
mmol/1), respectively. The exercise group
showed a 15.7 mg/dl (0.9 mmol/1) increase
in fasting glucose. Potential inadequacies of
the exercise and combination protocols
used were already cited above in the analy-
sis of the short-term results of this study
published by Kaplan et al. (171). The pos-
sibility that these protocols may not have
been of sufficient intensity to provoke an
effect of exercise is supported by the find-
ing that 3 months after the completion of
treatment, increased physical conditioning
as measured by an increase of oxygen con-
sumption was shown only by male subjects
in the exercise group (171).

In contrast, studies conducted by Wing
et al. (175) found a strong correlation
between exercise and the long-term main-
tenance of weight loss and glycemic control.
At 1 year after pretreatment, patients who
reported the highest exercise levels lost the
most weight and had the greatest decreases
of HbAi independent of weight loss.

In the first study by Wing et al. (175),
25 patients were randomly assigned to one
of two behavioral treatment programs that
varied in the intensity of prescribed exercise.
The programs, which included a low-calo-
rie diet, met twice weekly for 10 weeks and
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then monthly for 6 months. In the intense-
exercise condition, patients walked up to 3
miles per session. In the placebo-exercise
condition, patients performed light calis-
thenics and flexibility exercises. One year
from study entry, weight losses were 7.8 kg
in the intense-exercise group vs. 4.0 kg in
the placebo-exercise group. In the second
study by Wing et al. (175), 30 patients were
randomized to behavioral weight-control
programs based on the more extreme con-
ditions of diet alone versus diet plus exer-
cise. These programs met three times a
week for 10 weeks, weekly for an additional
10 weeks, and then monthly for a year. The
diet-alone group was instructed not to
change their activity level, while the diet-
plus-exercise group walked 3 miles at each
session. The diet-plus-exercise group
showed significantly better weight loss than
the diet-alone group at both 10 weeks
(—9.3 vs. —5.6 kg, respectively) and 1 year
(—7.9 vs. —3.8 kg). Although the groups
showed similar improvements in fasting
glucose and glycosylated hemoglobin,
reductions in diabetes medication were
more frequent and greater in magnitude in
the diet-plus-exercise group.

In obese patients with type 2 diabetes,
studies evaluating exercise alone or in com-
bination with diet have differed greatly in
methodology and have thus shown incon-
sistent effects on weight loss and its main-
tenance. In studies using moderate diet
interventions and more intense exercise,
superior effects of the combination of diet
and exercise versus diet alone have been
observed. Further studies in individuals
with type 2 diabetes evaluating the combi-
nation of moderate diet restriction and more
moderate exercise are clearly warranted.

In summary, in people with type 2 dia-
betes, regular exercise may have therapeutic
effects on glycemic control, cardiovascular
health, and psychological well-being
(125,132,163). For individuals treated with
oral antidiabetic agents or insulin, partici-
pation in exercise may require an adjust-
ment of food intake or medication dosage
(125). In some patients with type 2 dia-
betes, exercise may increase the risk of car-
diac events, lower-extremity soft-tissue and
bone injury, and exacerbation of preexisting
proliferative retinopathy (125,132). The
available data suggest that obese patients
with type 2 diabetes should be encouraged
to engage in regular exercise; however, in
such patients, an exercise program should
not be initiated without proper medical
supervision.

Pharmacological therapy
According to a 1995 position paper by the
North American Association for the Study
of Obesity (NAASO), pharmacological
weight-loss therapy may be considered as
an adjunct to treatment with diet and exer-
cise in individuals with a BMI of 27 or
above who have been unable to lose
weight and sustain weight loss and who
have a comorbid condition such as type 2
diabetes (176). Most recently, a review by
the National Task Force on the Prevention
and Treatment of Obesity re-emphasized
that pharmacological weight-loss therapy
should only be administered within a com-
prehensive treatment program that
includes diet and exercise to selected indi-
viduals for whom such therapy could
improve health and reduce disease risk
(177). The National Obesity Task Force
has advised that pharmacological weight-
loss therapy should be used with caution or
not at all in patients with the following
conditions: cardiac arrhythmias, sympto-
matic cardiovascular disease, severe sys-
temic disease (for example, hepatic or renal
failure), monoamine oxidase inhibitor use,
glaucoma, depression, or major psychiatric
disorders.

The weight-loss effects of drugs cur-
rently approved for the treatment of obesity
generally amount to 2-10 kg beyond the
effect of conventional weight-loss therapy
alone (177). Response to weight-loss drugs
is variable, with some individuals showing
little or no response and others showing
greater than average response. Weight
regain is commonly seen when drug ther-
apy is discontinued (177).

Most drugs currently approved for the
treatment of obesity are either cate-
cholaminergic or serotoninergic agents. The
weight-reducing effects of both classes of
compounds derive mainly from a reduction
of caloric intake due to appetite suppression
(178). These drugs are therefore consid-
ered anorexic or appetite-suppressant
agents. Catecholaminergic drugs include
mazindol, phentermine, phendimetrazine,
diethylpropion, and phenylpropanolamine
(177). Amphetamines, which are included
within this first category, are generally not
recommended for use in obesity treatment
because of their high abuse potential (177).
Serotoninergic drugs include cH-fenflu-
ramine and its d-isomer, dexfenfluramine.
The antidepressants fluoxetine and sertra-
line are serotonin-reuptake inhibitors that
are not currently approved for use in obesity
treatment alone (177), because these agents

have shown no evidence of a sustained
effect on weight loss.

Combination drug therapy has also
been evaluated in the treatment of obesity
The rationale for this approach has been
that combining drugs with different mech-
anisms of action might allow these drugs to
be used in smaller doses to achieve equal or
greater efficacy and induce fewer side effects
than seen with each individual drug alone
(177,179). To date, however, no long-term
comparisons of combination versus single-
drug therapy have been performed (177).
The most common combination therapy
has been fenfluramine-phentermine (180).
Other combinations that have been used
include ephedrine-methylxanthines-aspirin
andphenylpropanolamine-benzocaine.

Only one drug is presently approved
for long-term use in the treatment of obe-
sity. This is the serotoninergic drug dexfen-
fluramine, which has been approved for
use by the Food and Drug Administration
(FDA) for up to 1 year. Most studies of
weight-loss drugs have been short-term
and have generally lasted no more than 3
months (176). In the recent review by the
National Obesity Task Force (177), 20
well-controlled published studies that
lasted a minimum of 24 weeks were iden-
tified. The largest of these was the year-long
International Dexfenfluramine Study
(181), in which 822 obese patients (from
120 to 360% of ideal body weight) were
randomized to treatment with dexfenflu-
ramine (15 mg b.i.d.) or placebo in 24
centers in nine European countries. At the
end of 1 year, the 256 drug-treated patients
who completed the trial showed signifi-
cantly greater weight loss than the 227
placebo-treated patients, although this dif-
ference was very modest (—9.8 vs. —7.2
kg, respectively). Moreover, more than
twice as many drug-treated compared with
placebo-treated patients lost >10% of ini-
tial body weight (34.9 vs. 17.0%) or >10
kg (32.4 vs. 15.0%).

In 1990, a review concluded that few
drugs for the treatment of obesity have
been properly assessed in patients with
type 2 diabetes (182). The most recent
technical review on the nutritional man-
agement of patients with diabetes likewise
concluded that more studies are needed on
the short- and long-term efficacy and safety
of weight-loss drugs in patients with type 2
diabetes (125). In type 2 diabetes, there is
a need not only to demonstrate that such
drugs are efficacious for weight loss but also
to demonstrate that such drugs exert no
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Table 6—Placebo-controlled trials of currently approved appetite suppressants in type 2 diabetes

Reference

Crommelin (183)
Bandisode et al. (184)
Gershberg et al. (185)
Campbell et al. (186)
Wales (191)

Salmela et al. (192)
Stewart et al. (195)
Willey et al. (196)
Willey et al. (197)
Tauber-Lassen et al. (198)

Drug/dosage

Mazindol, 1 mg t.i.d.
Mazindol, 2 mg q.d.
Phentermine, 30 mg q.d.
Phentermine, 30 mg q.d
Fenfluramine, 60 mg q.d.

Fenfluramine, up to 120 mg q.d.
Dexfenfluramine, 15 mgb.i.d.
Dexfenfluramine, 15 mgb.i.d.
Dexfenfluramine, 15 mgb.i.d.
Dexfenfluramine, 15 mgb.i.d.

Treatment period

3 months
3 months
4 months
6 months
3 months,
2 months
7 weeks

3 months
3 months
3 months

1 year

Number of patients

40
64
22
71

26 (oral agents)
12 (diet alone)

13
38
34
20
40

Technical Review

Net weight loss (kg)*

2.0
1.4
3.6
3.8
2.0
0.5
1.3
4.1
3.2

4-0.9
3.4

'"Weight loss with drug minus weight loss with placebo.

adverse effects on glycemic control and can
be administered safely in combination with
insulin or oral antidiabetic medications
(183). The following section will focus on
placebo-controlled trials of currently
approved weight-loss drugs that have been
performed in patients with type 2 diabetes
(Table 6).

Mazindol is an imidazo-isoindole with
moderate stimulant properties (182). Its
side effects can include nervousness, irri-
tability, and insomnia (178). Mazindol was
evaluated in obese type 2 diabetes patients
in two 3-month, double-blind trials. In the
first trial (183), which was conducted in a
total of 40 patients, treatment with 1 mg
mazindol t.i.d. resulted in a weight loss of
4.5 kg compared with 2.5 kg with placebo.
In the second trial (184), which was con-
ducted in 64 patients, treatment with 2 mg
mazindol per day resulted in a weight loss
of 5 kg compared with 3.6 kg with placebo.

Phentermine is an amphetamine deriv-
ative with less pronounced stimulant prop-
erties at anorectic doses than amphetamine
itself (182). Its side effects include minor
insomnia, nervousness, irritability, and
headache (178). One double-blind trial
with phentermine lasted 4 months but
involved a total of only 22 patients (185).
Treatment with 30 mg phentermine daily
was associated with an average weight loss
of 6.5 kg vs. only 2.9 kg with placebo. Glu-
cose tolerance did not change in the phen-
termine group but deteriorated in the
placebo group. A second double-blind trial
of 30 mg phentermine lasted 6 months
and involved a total of 71 patients (186).
Average weight losses were 5.3 kg in the
phentermine group versus only 1.5 kg in
the placebo group. No changes in diabetes
control were reported.

Unlike catecholaminergic agents, sero-
toninergic agents are virtually free of stim-
ulant activity (178). Double-blind studies
in patients with type 2 diabetes have shown
that these agents improve glycemic control,
independent of effects on food intake and
body weight (187-189). There is some evi-
dence that this improvement in glycemic
control involves a direct effect of the drugs
on increasing insulin sensitivity even before
weight loss occurs (187,188).

Fenfluramine both releases serotonin
and prevents its reuptake at the synaptic
cleft (190). Its most common side effects
include gastrointestinal disturbances such
as nausea and diarrhea, drowsiness, and
lethargy (178). Depression may occur with
abrupt withdrawal. In a double-blind
crossover study (191), 38 obese patients
with type 2 diabetes were placed on a
1,000 kcal/day diet and received 60 mg
fenfluramine per day or placebo for 2-3
months each. In the 26 patients using oral
antidiabetic agents, fenfluramine treatment
was associated with an additional 2.0-kg
loss of body weight and an 18.3% reduc-
tion in the area under the glucose tolerance
test curve beyond that observed during
placebo treatment. The 12 patients whose
diabetes was treated with diet alone
received fenfluramine for only 2 months
and failed to show significant changes in
body weight or glucose tolerance.

In a second double-blind crossover
study of fenfluramine (192), 13 patients
were treated for 7-week periods with
increasing doses of up to 120 mg/day or
with placebo. During fenfluramine treat-
ment, mean weight loss was 3.1 kg, while
during placebo treatment, mean weight
loss was 1.8 kg. There was no rebound
weight gain after fenfluramine treatment

was withdrawn. Blood glucose levels
throughout the day were significantly lower
during fenfluramine treatment than during
placebo. This glucose-lowering effect was
dose-related and was most apparent in the
postabsorptive state.

Dexfenfluramine (d-fenfluramine) pos-
sesses twice the anorectic potency of the
racemic mixture dl-fenfluramine (178). Its
side effects, which have generally been
minor and transient, include headache,
drowsiness, asthenia, gastrointestinal dis-
turbance, and dry mouth (193).

Four placebo-controlled trials of
dexfenfluramine in obese patients with
type 2 diabetes will be reviewed. One 3-
month double-blind parallel trial compared
treatment with 15 mg dexfenfluramine
b.i.d. to placebo in 38 obese patients whose
diabetes was treated with diet alone or a
sulfonylurea (195). The dexfenfluramine-
treated group showed an average weight
loss of 3.7 kg, while the placebo group
showed a weight gain of 0.4 kg. Improved
glycemic control in the dexfenfluramine
group was evidenced by reductions in gly-
cosylated hemoglobin (—1.7%) and fasting
glucose (—0.6 mmol/1). In contrast, the
placebo group showed no change of glyco-
sylated hemoglobin and an increase (0.6
mmol/1) in fasting glucose.

An additional 3-month trial of 15 mg
dexfenfluramine b.i.d. was completed in 34
obese patients whose diabetes was inade-
quately controlled by maximum doses of
metformin, with or without a sulfonylurea
(196). Body weight in the dexfenfluramine
group was significantly reduced by 3.8 kg;
body weight in the placebo group was
reduced by only 0.6 kg. The dexfenflu-
ramine group also showed significantly
superior improvements, compared with

DIABETES CARE, VOLUME 20, NUMBER 11, NOVEMBER 1997 1757

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/20/11/1744/583549/20-11-1744.pdf by guest on 11 April 2024



Technical Review

placebo, in HbAlc (-1.2 vs. -0.4%) and
fructosamine (—39.6 vs. —9.2 pmol/1).

Another 3-month trial of 15 mg
dexfenfluramine b.i.d. was performed in 20
obese patients under poor glycemic control
despite treatment with insulin and a maxi-
mum-tolerated dose of metformin (197). In
this study, significant changes in body
weight were not observed. Median weight
was reduced by 1.1 kg in the dexfenflu-
ramine group and by 2.0 kg in the placebo
group. Nevertheless, the dexfenfluramine
group showed a significant reduction of
HbAlc (-1.4 vs. -0.8% for placebo).

The year-long International Dexfenflu-
ramine Study (181) included a subgroup of
40 obese patients with type 2 diabetes
(198). At 1 year, patients treated with 15
mg dexfenfluramine b.i.d. maintained
significantly better weight loss (—6.3 kg)
than did patients treated with placebo
(—2.9 kg). The dexfenfluramine-treated
group showed significant reductions in
fasting blood glucose (—2.2 mmol/1) and
HbAlc (-0.9%). In the placebo-treated
group, both of these measures of glycemic
control remained unchanged.

In a non-placebo-controlled study, the
effect of 3 months of treatment with 15 mg
dexfenfluramine b.i.d. on body fat distri-
bution was investigated in 10 male type 2
diabetes patients with an abdominal distri-
bution of body fat (defined as a waist-to-
hip ratio >0.9) (83). Abdominal adipose
tissue area, as measured by magnetic reso-
nance imaging, was significantly reduced
from an initial level of 854 to 666 cm2. This
was mainly the result of a selective 32%
decrease in visceral fat area. This reduction
of visceral fat in abdominally obese men
with type 2 diabetes was accompanied by a
significant improvement in insulin sensi-
tivity, measured during a euglycemic glu-
cose clamp, as well as a significant
reduction in C-peptide levels. Fasting cho-
lesterol and triglyceride levels were also
significantly reduced.

As mentioned earlier, combination
drug therapy has also been evaluated in the
treatment of obesity. The major double-
blind placebo-controlled trial of combina-
tion therapy to date was conducted by
Weintraub et al. (179) with fenfluramine-
phentermine. After 6 weeks of treatment
with diet, exercise, and behavior therapy
without drugs, 121 obese subjects were
randomized to receive the combination of
60 mg fenfluramine plus 15 mg phenter-
mine once per day or placebo for 28 weeks.
Weight loss at the 34th week of the study

was 14.2 kg in subjects who received com-
bination therapy versus only 4.6 kg in
those who received placebo. In a subsam-
ple who underwent open-label combina-
tion therapy, weight loss was maintained
for 3 years. Although this latter part of the
trial was not placebo-controlled, this find-
ing suggests a sustained effect of combina-
tion therapy. The side effects reported with
the doses tested were mild (mainly dry
mouth). Whether administration of higher
doses over time would cause greater dis-
tress is not known. However, the Mayo
Clinic recently reported the occurrence of
unusual valvular heart disease in 24
women who had been taking fenfluramine
and phentermine for an average duration of
more than a year (199). Eight of the
women also had newly diagnosed pul-
monary hypertension, and five required
surgery to repair or replace damaged heart
valves (see NOTE ADDED IN PROOF). In
response to a Public Health Advisory issued
by the FDA, 28 additional cases of valvular
heart disease have been reported (200).

Sibutramine is a novel appetite sup-
pressant that is being considered for
approval for weight loss by the FDA. It is
currently being evaluated in obese patients
with type 2 diabetes. Sibutramine inhibits
both norepinephrine and serotonin reup-
take (201). In clinical trials, the most com-
mon side effects associated with
sibutramine use have been constipation,
dry mouth, and insomnia (201). Modest
increases in blood pressure and heart rate
have also been reported. A 3-month trial
compared treatment with 15 mg sibu-
tramine once daily versus placebo in 91
patients with type 2 diabetes whose BMIs
ranged from 26 to 35. (202). The sibu-
tramine group showed significantly better
weight loss (—2.4 kg) than the placebo
group (—0.1 kg). The average reduction of
glycosylated hemoglobin was 0.4% in the
sibutramine group compared with no
change in the placebo group. However, a
1.0% or greater reduction in glycosylated
hemoglobin was shown by 35% of the
sibutramine group versus only 5% of the
placebo group.

Recently, an epidemiological study
conducted in five European countries
observed an association between the use of
appetite-suppressant drugs and the devel-
opment of primary pulmonary hyperten-
sion, a rare but often fatal cardiopulmonary
disease (194). The annual incidence of pri-
mary pulmonary hypertension is 1-2 cases
per 1,000,000. Use of an appetite-suppres-

sant drug for more than 3 months
increased the odds ratio for primary pul-
monary hypertension to 23.1. The National
Obesity Task Force (177) has recom-
mended that patients be closely monitored
for symptoms that may indicate the devel-
opment of primary pulmonary hyperten-
sion, which include the onset of dyspnea,
changes in exercise tolerance, angina, syn-
cope, and lower-extremity edema. In the
event of such symptoms, medication
should be discontinued and the patient
should be further evaluated.

Orlistat is a potent and selective
inhibitor of gastric and pancreatic lipase
(203) that may be approved by the FDA for
use in the treatment of obesity. When
administered with a fat-containing meal,
Orlistat inhibits the digestion of triglyc-
erides and thus reduces their subsequent
absorption (203). A caloric deficit ensues
with the increased excretion of fat in the
feces. Consistent with this mechanism of
action, the major side effects of Orlistat are
gastrointestinal symptoms such as abdom-
inal pain, fecal incontinence, nausea, vom-
iting, and flatulence (203). In a
dose-ranging placebo-controlled trial per-
formed in 237 moderately obese individu-
als, 12 weeks of treatment with the highest
dose of Orlistat (120 mg t.i.d.) resulted in
1.75 kg greater weight loss than treatment
with placebo (204).

The weight-loss effects of a new fast-
release formulation of bromocriptine mesy-
late are also currently being evaluated in
obese patients with type 2 diabetes.
Bromocriptine, a dopamine agonist with
serotonin antagonist properties, may
reduce body weight by inhibiting lipogen-
esis and reducing hyperinsulinemia (205).

Data obtained in placebo-controlled tri-
als indicate that the weight-loss effects of
currently approved appetite-suppressant
drugs in patients with type 2 diabetes have
been rather modest. Moreover, there cur-
rently are few data available on the long-
term efficacy or safety of such drugs.
Pharmacological weight-loss therapy can
also be costly. At a weight-loss center in
New York City, the cost of treatment with 15
mg dexfenfluramine b.i.d. amounts to $75
per month, which is not reimbursed by
most medical insurance policies (FX.P-S.,
personal communication). Further research
is needed on the long-term use of weight-
loss agents in patients with type 2 diabetes.
This research should address whether such
drugs remain effective in terms of weight
loss, whether they remain safe, and whether
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the observed improvements in glycemic
control (195) as well as in comorbid condi-
tions such as hypertension and dyslipi-
demia are sufficient to justify their cost.

Bariatric surgery
Bariatric surgery is the most radical and
costly form of treatment for obesity. This
treatment modality is generally recom-
mended only for severely obese individuals
(BMI >40) who are well informed and
present with acceptable operative risks
(206). Bariatric surgery may also be consid-
ered in less severely obese individuals (BMI
of 35-40) with high-risk comorbid condi-
tions such as poorly controlled type 2 dia-
betes or obesity-induced physical problems
such as otherwise-untreatable joint disease.
Since bariatric surgery involves major oper-
ative procedures that impart short- and
long-term risks and require long-term fol-
low-up, a National Institutes of Health Con-
sensus Development Conference (206) has
advised that patient selection should be
based on thorough medical, surgical, psy-
chiatric, and nutritional evaluations.

The bariatric operations most com-
monly in use are the gastric restriction pro-
cedures of vertical-banded gastroplasty and
gastric bypass (206). These procedures
physically limit food intake by restricting
gastric capacity (207). Gastric bypass oper-
ations also involve bypassing the duode-
num and the first portion of the jejunum
and induce some degree of malabsorption.
With both procedures, weight loss is rapid
and maximum weight loss is usually
attained 18-24 months after surgery (208).
At 2 years, the mean percentage of excess
weight lost is 60-70% for gastric bypass
compared with 40-60% for gastroplasty
(208). Despite slightly better weight loss,
gastric bypass is, as described below, asso-
ciated with greater risk due to malabsorp-
tion and the dumping syndrome. The
failure rate for current gastric restriction
procedures is 5-10% (208).

According to statistics compiled by the
National Bariatric Surgery Registry (209),
current obesity surgery has a low perioper-
ative risk. In 5,178 patients studied, five
deaths occurred within 40 days of surgery.
The vast majority (89.7%) of the 3,174
patients on whom complete information
was available had no perioperative compli-
cations. The most frequent perioperative
complications observed were respiratory
problems (4.5%) and wound infections
(1.6%); the most serious of these were gas-
trointestinal leakage (0.6%) and deep vein

thrombosis (0.3%). In the longer term, gas-
tric restriction procedures impose a risk
for malnutrition due to reduced food intake
or vomiting (210). Persistent vomiting has
been observed in as many as one-third of
patients and may arise from abnormal eat-
ing behaviors such as gorging or obstruc-
tion of the gastric outlet. With gastric
bypass, malabsorption may promote defi-
ciencies of vitamin B-12, folate, and iron.
Between 12 and 13% of gastric bypass
patients suffer from anemia. Because nutri-
ent deficiencies have been linked to
increased risk to the developing fetus, use
of medically approved birth control during
periods of weight loss is advised in women
of child-bearing potential, who constitute
up to 80% of patients having bariatric
surgery (206). Gastric bypass has, in addi-
tion, been associated with the dumping
syndrome, which may result in symptoms
of gastrointestinal distress and hypo-
glycemia (210). Because of the potential
long-term sequelae of gastric restriction
surgery, it has been advised that patients
who undergo such procedures require life-
long medical monitoring (206).

Ethical, methodological, and psy-
chosocial considerations make randomized
clinical trials of bariatric surgery difficult to
implement (207). Data on bariatric surgery
are thus largely derived from noncontrolled
prospective studies. In severely obese
patients with type 2 diabetes, such studies
have shown that gastric restriction surgery
is highly effective in inducing major weight
loss and improvements in glycemic control.
Such studies have also shown that surgery
may prevent the progression to type 2 dia-
betes in severely obese individuals with
IGT. In surgical patients, glycemic control
improves before significant weight loss.
Thus, glycemic improvement is thought to
be mediated largely through the limitation
of caloric intake imposed by these opera-
tions (211).

One early study evaluated the outcome
of gastric surgeries (bypass, gastroplasty, or
gastrostomy) in 23 insulin-treated patients
(212). The average presurgical weight of
these patients was 119.5 kg and decreased
to 92.6 kg at 20 months after surgery. The
presurgical insulin dosage of these patients
averaged 74 U/day By 6 weeks after surgery,
14 patients were able to discontinue insulin
and the remaining 7 patients reduced their
dosage by 72%. In six patients who partic-
ipated in an inpatient metabolic assessment,
fasting blood glucose was reduced from a
preoperative level of 321 mg/dl (17.8

mmol/1) to 116 mg/dl (6.4 mmol/l) at 5- 11
months after surgery. In addition, HbAk.
decreased from 11.8 to 7.9%.

A more recent report by Pories et al.
(211) presents follow-up data for as long as
14 years on 608 patients who underwent
gastric bypass. Included in this report are
follow-up data on 146 patients with dia-
betes and 152 patients with IGT. The over-
all patient cohort had an initial mean body
weight of 138.4 kg, which was reduced to
87.4 kg at 1 year. At 5, 10, and 14 years,
patients available for follow-up were main-
taining body weights of ~93.4 kg. Despite
this impressive weight loss, most patients
remained 50% above ideal body weight.
Nevertheless, 82.9% of the patients with
type 2 diabetes were able to maintain nor-
mal levels of blood glucose and glycosy-
lated hemoglobin. Patients who did not
attain normoglycemia were generally older
and had type 2 diabetes of longer duration.
Only two patients with IGT progressed to
type 2 diabetes; the remainder achieved
normoglycemia.

A nonrandomized controlled stud)' by
Long et al. (213) compared progression
from IGT to type 2 diabetes in 109 indi-
viduals who underwent gastric bypass vs.
27 individuals who declined the operation.
The baseline clinical characteristics of the
groups did not differ; the average baseline
BMI was ~49.5. The length of follow-up
averaged 5.8 years. Weight loss in the
surgery group approximated 50% of excess
body weight; the control group did not
lose weight. In the control group, six sub-
jects developed type 2 diabetes, which
resulted in a rate of conversion from IGT to
type 2 diabetes of 4.72 cases per 100 per-
son-years. In the surgery group, only one
person developed type 2 diabetes. This
yielded a conversion rate of only 0.15 cases
per 100 patient-years. In the surgery group,
weight loss was thus associated with more
than a 30-fold decrease in the risk of devel-
oping type 2 diabetes.

The available data, which derive largely
from noncontrolled studies, indicate that
gastric surgery may result in long-term
weight loss and major improvements of
glycemic control in severely obese patients
with type 2 diabetes. As stated by the
National Institutes of Health Consensus
Development Conference (206), there is
clearly a need in this area for long-term con-
trolled clinical trials that use adequate num-
bers of patients studied under standard
protocols. One such trial is the ongoing
Swedish Obese Subjects (SOS) study (214).
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This prospective controlled intervention
study is designed to compare 10-year mor-
tality and morbidity in 1,000-4,500 obese
men (BMI >34) and women (BMI >38)
treated by gastric surgery or conventional
treatment. Each surgical patient will be
matched on the basis of 18 prognostic vari-
ables to a conventionally treated control
patient. Preliminary data indicate that
surgery results in average weight reductions
of 25 to 40 kg (215). Conventional treat-
ment in primary health care centers has
resulted, on average, in no weight reduction
(range of —50 to +30 kg) over 2, 4, and 6
years. The 2-year incidence of diabetes was
33-fold lower in the surgery group than in
the conventional-treatment group. Weight
loss in the surgery group was also associated
with three- to fivefold reductions in the 2-
year incidences of hypertension, hyper-
triglyceridemia, and low HDL cholesterol.

Bariatric surgery involves major surgical
procedures that impose a risk for short- and
long-term complications, many of which
remain poorly denned (206). Until data
from large, long-term, standardized, con-
trolled trials such as the SOS study become
available, the benefits and risks of bariatric
surgery versus alternative treatments for
severe obesity and complications such as
type 2 diabetes from less severe obesity
remain difficult to evaluate and compare.

CONCLUSIONS— The studies evalu-
ated in this review are generally consistent
with the conclusion that in most obese
patients with type 2 diabetes, current
weight-control interventions (nonpharma-
cological and pharmacological) will result in
some degree of short-term weight loss.
However, no currently available interven-
tion—with the possible exception of
bariatric surgery, which is reserved for
severely obese individuals only—has con-
sistently promoted the long-term mainte-
nance of major weight loss. For example,
although most dietary intervention studies
have been relatively short-term, long-term
maintenance of significant weight loss (—9
kg over 6 years) was achieved in only one
(117) of the six studies summarized in Table
2. Use of VLCDs has generally resulted in
impressive initial weight loss, but this
weight loss is usually not maintained. As
illustrated by the three comparative studies
summarized in Table 3 (77,147,148),
weight maintenance with a VLCD eventu-
ally becomes comparable to that attained
with a standard low-calorie diet. The degree

of weight loss in behavioral treatment pro-
grams is generally modest, but as shown in
Table 4, the degree increases and its main-
tenance becomes better as these programs
increase in length. The amount of weight
loss that can be achieved in behavioral pro-
grams may be increased when such pro-
grams include additional emphasis on
dietary modifications and exercise. Exer-
cise alone or in combination with diet has
had variable effects on weight loss, but stud-
ies of exercise have varied greatly in
methodology. Only one of the three shorter-
term studies summarized in Table 5 (173)
found significant additional weight loss
with the inclusion of exercise (3.6 kg), and
two of the three longer-term studies (175)
showed better maintenance of weight loss
with exercise (3.8 and 4.1 kg). These stud-
ies used more frequent and/or longer and
more intense exercise interventions
imposed with moderate caloric restriction.
Studies of pharmacological weight-loss
agents have generally involved small num-
bers of patients and have been of short
duration with modest net effects on weight
loss. Only one of the 10 studies reviewed in
Table 6 lasted for more than 6 months
(198), and none lasted more than a year. A
total of only 40 patients were evaluated, and
the additional weight loss in the drug-
treated group beyond that in the placebo-
treated group amounted to only 3.4 kg.
Major questions remain regarding the effi-
cacy and safety of the long-term use of phar-
macological weight-loss agents in obese
patients with type 2 diabetes.

Further research is needed to investi-
gate ways to increase the amount of weight
loss attainable with current treatment
modalities and to facilitate long-term weight
loss maintenance. Since the studies
reviewed indicate that combination
approaches improve treatment outcome,
future research should also focus on inves-
tigating optimal ways of combining current
treatment modalities. The development of
new approaches to the treatment of obesity
and perhaps its prevention is suggested by
several promising new advances resulting
from the application of molecular biological
techniques to obesity research. These very
recent developments in obesity research
include the discoveries of the adipose-tissue
protein leptin (216) and its receptor (217)
and the mutations underlying several forms
of genetically transmitted obesity in rodents
(216-218). However, the relevance of these
new discoveries to the etiology of human
obesity has not yet been denned.

Despite these somewhat discouraging
results of various treatment modalities,
obese individuals with type 2 diabetes
should be encouraged to lose weight
because even modest weight loss has been
associated with metabolic improvement.
However, because weight loss is often dif-
ficult to achieve and sustain, obese indi-
viduals with type 2 diabetes should also be
provided with additional strategies to
improve metabolic control that may be
more easily accomplished. Such strategies
could include improving food choices,
spacing food intake better throughout the
day, restricting calories very moderately
(250-500 kcal less than average daily
intake), and exercising regularly (107).

Note Added in Proof
On 15 September 1997, Wyeth-Ayerst Lab-
oratories announced a voluntary and imme-
diate withdrawal from the U.S. market of
the weight-loss medications fenfluramine
hydrochloride (Pondimin) and dexfenflu-
ramine hydrochloride tablets (Redux). The
FDA provided the company with new sum-
mary information concerning abnormal
echocardiogram findings in asymptomatic
patients seen in five centers. These patients
had been treated with fenfluramine or
dexfenfluramine for up to 24 months, most
often in combination with phentermine.
Abnormal echocardiogram findings were
reported in 92 of 291 subjects evaluated,
including 80 reports of aortic regurgitation
and 23 reports of mitral regurgitation. These
observations reflect a preliminary analysis of
pooled information rather than results of a
formal clinical investigation.
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