Dietary Treatment and Long-Term Weight
Loss and Maintenance in Type 2 Diabetes

Donald D. Hensrud

Abstract also needed because of the increasing prevalence of obesity
HENSRUD, DONALD D. Dietary treatment and long-term and type 2 diabetes.

weight loss and maintenance in type 2 diabe@ises Res.

2001;9:3485-353S. Key words: type 2 diabetes, weight loss, glycemic control
Increasing body weight, particularly abdominal weight, is

associated with increasing risk for type 2 diabetes, and 80%

of people with type 2 diabetes are overweight or obese. Introduction

Weight loss and maintenance are challenging in the obese |ncreasing body weight is associated with increasing risk
population without diabetes, and data suggest that this mayfor glucose intolerance and type 2 diabetes (1-6). Con-
be more difficult in obese people with diabetes. Various versely, ~80% of patients with type 2 diabetes are over-
weight-loss strategies with follow-up for at least 1 year have weight or obese. The prevalence of type 2 diabetes in the
been evaluated in people with diabetes with mixed results. United States increased by one-third in the 1990s and in
Diet is most effective in promoting initial weight loss. concert with the increasing prevalence of obesity over the
Energy restriction will improve glycemic control within past few decades (7,8). Greater abdominal distribution of
days of initiation, independent of weight loss. There is weight and visceral obesity also increase the risk for type
deterioration of the effects of dietary therapy on glycemic 2 diabetes (4,9,10). Other modifiable factors that may
control over time, even with partial weight maintenance, increase the risk for type 2 diabetes include low levels of
because of the relaxation of energy restriction. Diet com- Physical activity (11-14) and a diet low in fiber and high
position has little effect on glycemic control independent of in glycemic index (15,16).

total calories. Very-low-calorie diets lead to better initial ~ Both obesity and type 2 diabetes are associated with
weight loss and glycemic control but yield no better long- increased morbidity and mortality (17,18). Greater amounts
term results than more moderate treatment. The initial re- ©f @bdominal obesity is associated with insulin resistance,
sults from studies using prepared meals and liquid meal yvhich plays gcgntra_l role in the metabolic (;onstellatioq that
replacements show that weight loss and glycemic control includes dyslipidemia, hypertension, and increased risk of

are comparable with conventional dietary treatment. Com- cardiovascular disgase, in at_jdition to typg 2 diabetes .(19_
prehensive lifestyle therapies, involving diet, exercise, and 22). Therefor(_a, weight loss is extremely |mport.ant to im-
behavioral modification, can lead to weight losses-@to prove glycemic control and to decrease other risks associ-

10 kg over 10 to 20 weeks, with regain over 1 year of atesdh(\;\?ttge(:ﬁtﬁétiash?—?:sg?gssﬁé in improved glycemic con-
one-third to one-half of weight initially lost. The net im- 9 P gy

. . trol in patients with diabetes by decreasing insulin resis-
provement on glycemic control is usually small 1 year after . . . .
weight loss. Creative strategies using these and other mo_tance, decreasing hepatic glucose production, and possibly
9 ' eg 9 ) increasing insulin secretion (23-25). The effect of energy
dalities are needed to improve long-term weight loss,

ioht maint dal : irol i tients with restriction on improving glycemic control is apparent within
}[/ve|g 2 :jn_albn ;enanée, a;n gﬁycfm_'c controfin pa |ert1_s Wi days after initiation of dietary change and is independent of

ype < diabetes. reater efiorts in primary prevention are ,qignt joss (25,26). Physical activity and physical training
increase glucose uptake and insulin sensitivity (27,28). Sus-

— ) — _ : — taining the short-term benefits of glycemic control requires
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tients with diabetes improves control of associated comor- baseline fasting blood glucose of 12 mM), and the greater
bidities, including hypertension and dyslipidemia (32). In- the initial fasting blood glucose level, the larger the amount
tentional weight loss by patients with type 2 diabetes also of weight loss that was required. In 823 subjects who
seems to decrease mortality (33). continued on dietary treatment, weight 1 year later was

Not all patients with type 2 diabetes respond to weight virtually the same as after the first 3 months, although there
loss with adequate improvement in glycemic control (34). was slight worsening of fasting blood glucose levels.
Moreover, in patients that do respond, the magnitude of ) .
improvement in glycemic control is related to the degree of Long-Term Diet Studies -
weight loss, and relatively large amounts of weight loss and  For methodological reasons, it is difficult to accurately
considerable maintenance are needed to maintain near-nord€étérmine the independent effect of long-term dietary treat-
mal levels of fasting glucose (29,31). However, these con- Ment on weight and glycemic control in patients with dia-
siderations need to be balanced against the practical Iikeli-beFes- Studies have used different designs, settings, dle_zts,
hood of achieving and maintaining significant amounts of adjuvant treatments, or have not used controls. Often, diet
weight loss. In addition, modest long-term weight loss of Was appropriately combined with exercise and behavioral
59% to 10% should result in improvement of glycemic con- modlflgatlon teqh_mques. Flnallyj subjects lost to follow-up
trol in most patients (29,35). make it more cyfflcult to determine trl_Je effect._ _ .

Many studies have shown that weight loss maintenance is N Summarizing the results of previous studies in which
challenging in the general population (36—38). Weight loss the gffgct of diet could be estimated, weight loss usually is
and maintenance are more imperative in type 2 diabetesMaximized by 3 to 6 months and ranges from none upgo
because of the increased health risks associated both wittkd, depending on the treatment used (32,45). More intensive
diabetes and obesity. Despite the increased need for weighfreatment increases weight loss. Regardless of the approach,
management in overweight people with diabetes, weight or.1e—.th|rd tq one-half of the wel_ght initially lost is regamed
loss may be more difficult to initiate and maintain than in Within the first year, so that weight loss from baseline by 1
people without diabetes (39—42). It has been suggested thay€ar rarely exceeds 5 kg.
having diabetes for a long duration or treatment with insulin
31;;/ (;?Qt::g?ieoaosfgtlznilg\;ﬁﬁltt{nlg Ic(z)snl?gn\gloerl]g?;érowever, The Iong—.term eﬁeqts of (_jiet con_1position on weight loss

The treatment of obesity in type 2 diabetes should involve Eggnggggrn;;ggnit;o;elcv ps?ltjlg::ss v_\?;f:a:gpg iodrllzit;?(t;i gg\rlse
:jr:sgl\?gfr:;?:nzcctg{c%’rzgs gf?t?r\gg:?/? rg&?gﬁi'?&;rxsmgzemem that dietary saturated.fat should_ be low, par_ticularly

. : o because of the increased risk of cardiovascular disease in
discussed the prevention and treatment of obesity in type zpatients with diabetes (46). To promote weight loss, total

diabetes in_detail (32,44). This artic_le will briefly review the calories should be limited, regardless of the source. This can
eff(_act of d_|etary trea_tment on _welght loss and '9”9'te”_“ be accomplished by decreasing the intake of saturated fat
weight rr_1amtenance in overweight and obese patients with and not replacing these calories.
type 2 diabetes. Beyond decreasing dietary saturated fat and total calories,
controversy exists as to whether the diet should be low in
The UK Prospective Diabetes Study total fat and high in carbohydrate, or moderate to high in
The UK Prospective Diabetes Study provided useful in- total fat with a relatively high proportion of monounsatu-
formation on initial dietary treatment of type 2 diabetes rated fat (47). Consuming a low-fat diet may or may not
(31). In this study, of the initial 3044 newly diagnosed promote weight loss, depending on the amount of nonfat
patients with diabetes, 447 were excluded because of ancalories that are consumed (48). A randomized trial of 44
inability to achieve a fasting blood glucose level ¢fl5 obese women with type 2 diabetes assessed weight loss and
mM after 3 months of dietary therapy. Of the remaining glycemic control on a calorie-restricted diet vs. a calorie-
2597 patients (mean body weight, 132 26% ideal body plus fat-restricted diet (49). After 1 year, those following the
weight), mean weight loss was 5 kg over these initial 3 months. calorie plus fat restriction lost more weight (5.2 kg vs. 1.0
Four hundred eighty-two patients (16%) achieved a fast- kg, p < 0.05) but there was no significant difference in
ing glucose level of<6 mM after 3 months of dietary  glycemic control. Subjects in the calorie plus fat restriction
treatment. Patients who had higher initial fasting blood group consumed-200 fewer calories/d at the end of the
glucose levels and patients who lost more weight experi- 16-week program g < 0.05) and at 1-year follow-up,
enced the greatest decrease in levels of fasting blood glu-although the difference was not significantly different at 1
cose. Initial body weight showed no relationship to glyce- year. Thus, decreasing dietary fat intake may help reduce
mic control. From a different perspective, to achieve a body weight if it helps to decrease total calorie intake.
normal (<6 mM) fasting blood glucose level required rel- Short-term studies suggest similar glycemic control but
atively large amounts of weight loss (e.g., 19 kg with a greater improvement of serum lipids when saturated fat is

Diet Composition
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replaced by monounsaturated fat vs. carbohydrate (50).

However, it may be more difficult for patients to self-select 1aPle 1. Changes in weight and glycemic control in &
a higher proportion of monounsaturated fat, yet reduce total '@ndomized trial of a prepared meal plan in type 2
calories. Concern has been expressed that high-carbohydiabetes (51)

drate diets will raise serum triglycerides. However, if

) . i X Prepared
weight loss is realized, the effect of weight loss seems to
: . : ; LCD meal plan
predominate over the hypertriglyceridemic effect of carbo-
hydrate (51). In addition, simple sugars can be incorporated Weight, kg
into an overall dietary plan without adversely affecting 3 months -1.3 —4.7t1
blood glucose levels (52,53). 1 year -1.0 -30
Energy density refers to the number of calories in a given | ,cose mg/dL
weight or volume of food. Fat, sugar, and processed food 3 mon,ths 11 _ 30+
contain a relatively large amount of calories in a small
. : . 1 year —-11 —-11
volume and, therefore, a high energy density. Fruits and Gl lated h lobin. %
vegetables contain a relatively small amount of calories in a ycosylated hemoglobin, ~o
3 months -0.3 —1.0*

large volume because of the high content of water and fiber
and, therefore, have a low energy density. Consuming a 1 Yeéar —0.2 —-0.2
low-energy dense diet seems to promote increased satiety;
decreased energy intake, and weight loss in nondiabetic* p < 0.05during the study.

subjects, but it has not been adequately studied in peoplet p < 0.001during the study.
with diabetes (54). A low-energy dense diet that is high in

vegetables and fruits contains an increased amount of fiber,the results on weight loss and glycemic control are as good
which has an independent effect on improving glycemic iy some cases, slightly better than traditional dietary

control and serum lipids (55,56). It is controversial whether yeaiment. Both plans offer increased convenience. Prepared
consuming foods with a low glycemic index will improve 6415 may cost approximately the same, whereas liquid meal

glycemic control. This controversy notwithstanding, it IS repjacements cost slightly less than traditional dietary plans.
unlikely that changes in dietary glycemic index will affect

body weight without decreasing total calories. Very-Low-Calorie Diets (VLCD)
VLCDs contain 400 to 800 kcal/d. A study with partic-
Prepared Meals ularly favorable results involved 93 subjects with type 2

A randomized trial of 119 people with type 2 diabetes diabetes and evaluated a year-long treatment of a low-
that were not on insulin and 183 people with hypertension calorie diet (LCD) of 1000 to 1200 kcal/d, or an LCD that
and dyslipidemia evaluated the impact of a prepared mealincluded two 12-week periods of a VLCD (400 to 500
plan compared with a usual care diet plan (51). After 1 year, kcal/d) (30). At 1 year, weight loss was 14.2 kg in the
weight loss in the subjects with diabetes was 3.0 kg with v/L.CD group compared with 7.2 kg in those following the
prepared meals compared with 1.0 kg with the usual care .CD; however, there were no significant differences be-
diet plan (Table 1). Although subjects with diabetes who tween groups in fasting blood glucose or glycosylated he-
were consuming prepared meals experienced significantly moglobin levels. After 2 years, weight loss, fasting glucose,
greater reductions in weight, fasting blood glucose levels, and glycosylated hemoglobin levels were not significantly
and hemoglobin Alc during the study, absolute reductions different between the two groups.
at 1 year were similar between groups. Subjects with diabetes Qverall, the results of these and other studies in patients
lost approximately one-half the amount of weight that subjects with type 2 diabetes suggest that a program incorporating a
without diabetes lost, consistent with previous studies. VLCD results in greater initial improvement in weight loss
and glycemic control compared with a LCD (32). Over
time, there is greater recidivism after a VLCD, so that
long-term weight loss is no different compared with a LCD.
Repeated VLCDs in patients with diabetes seem to have a
reduced effect on weight loss after the first VLCD, primarily
due to decreased adherence (30,58). Whether the temporary
benefits on weight loss and glycemic control justify the use of
a VLCD with the associated greater cost is not clear.

Liguid Meal Replacements

A study of 29 obese subjects with type 2 diabetes con-
trolled by diet or oral medications evaluated liquid meal
replacements compared with an isocaloric energy-restricted
diet (57). Maximum weight loss was achieved after 3
months on both programs and glycemic control improved in
both groups (Table 2). Overall, there were no significant
differences in weight or glycemic control between the
groups at 1 year. Comprehensive Approach

Prepared meals and liquid meal replacements offer alter- Most weight management programs in patients with dia-
natives to traditional dietary plans for patients with diabetes. betes have appropriately used a comprehensive approach
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Table 2. Changes in weight and glycemic control in a
randomized trial of liquid meal replacements in type 2
diabetes (57)

Liguid meal
LCD replacements

Weight, kg

3 months —4.3 -6.9

1 year —-1.7 -2.1
Glucose, mg/dL

3 months -29 -39

1 year —22 —4
Glycosylated hemoglobin, %

3 months -1.2 -17

1 year -0.8 0.0

No significant differences between groups.

involving diet, exercise, and behavioral modification to try
to maximize results. Exercise adds only a small amount o

weight loss beyond dietary treatment in people without
diabetes and probably diabetes as well, although not all dataIi

are consistent (48,59,60). However, exercise can improvi
glycemic control and can help with weight maintenance
(60). Behavioral modification may increase weight loss
slightly in proportion to the length of the program (61).
Weight loss of from 2 to 10 kg along with improvements in

glycemic control can be expected in comprehensive programs
from 10 to 20 weeks in duration (32,43,44). By 1 year, most
programs show that patients regain approximately one-third to

one-half of the weight that was originally lost.

Discussion

less than baseline if subjects are in positive energy balance
and gaining weight at the time of measurement.

In addition to weight loss and glycemic control, diet and
other lifestyle treatments in people with diabetes may im-
prove dyslipidemia, hypertension, and the risk for other
health conditions. Individual results vary, and, despite mod-
est long-term results, the benefits over time may still be
greater than making no attempt at weight loss.

Many of the issues related to the long-term management
of type 2 diabetes are similar to those for obesity and
revolve around improved maintenance of weight loss. How-
ever, other issues, such as glycemic control and the rela-
tionship of diet composition to glycemic control, are spe-
cific to diabetes. In addition, associated comorbidities along
with increased morbidity and mortality from diabetes and
obesity make long-term management more important, al-
though it may be more difficult to achieve.

Achieving satisfactory long-term management of type 2
diabetes will become more critical in the future in view of
the increasing prevalence of obesity and type 2 diabetes.
Creative approaches are needed to improve long-term man-
agement. Also, with the prevalence of diabetes increasing,

f prevention becomes more important. Future studies should
consider using different modalities, including more inten-
sive lifestyle approaches, such as residence programs; pub-
¢ health and community programs that change environ-
mental factors contributing to decreased physical activity
and increased energy intake; increased efforts in the area of
weight maintenance; long-term dietary studies evaluating
diet composition, liquid meal replacements, prepared meals,
and energy density and how they affect weight management

e

and glycemic control; and finally, increased efforts in pri-
mary prevention, including children, which will hopefully
help to counteract the ominous rise of obesity and type 2
diabetes and their associated increased health risks.
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