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Diabetes Treatment, Part 1: Diet and Exercise
Michael J. Fowler, MD

Editor’s note: This article is the third in a
12-part series reviewing the fundamentals
of diabetes care for physicians in training.
Previous articles in the series can be
viewed at the Clinical Diabetes website
(http://clinical.diabetesjournals.org).

A

cornerstone of diabetes treatment is attention to lifestyle.
Unhealthy lifestyles, such as
lack of physical activity and excessive
eating, initiate and propagate the majority of type 2 diabetes. As discussed in
previous articles in this series,1,2 the incidence and prevalence of obesity is rising
quickly, both in the United States and
in the rest of the world. The frequency
of diabetes has risen in tandem with
overweight and obesity in essentially all
age-groups and ethnicities in the United
States, and not by coincidence. Studies
have thoroughly demonstrated strong
relationships between excess weight and
the risk of developing type 2 diabetes,
hypertension, and hyperlipidemia. Physicians are frequently challenged with
the task of motivating patients to lose
weight and exercise to improve patients’
diabetes control and slow or even reverse
the natural course of the disease.
Lifestyle modification, although different, is an equally integral part of type
1 diabetes management. Patients with
type 1 diabetes, because of their universal need for insulin, must learn to count
or at least closely estimate the amount
of carbohydrate they consume to help
regulate their blood glucose levels and
adjust their insulin doses. Failure to do
so can lead to dangerous hyperglycemia
or hypoglycemia.
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Primary Prevention of Diabetes
It is difficult to overstate the importance
of the relationship between lifestyle and
the risk of developing type 2 diabetes.
A recent study demonstrated that both
women and men who have a BMI > 35
kg/m2 had a 20-fold increase in their
risk of developing diabetes compared to
people with a BMI of 18.5–24.9 kg/m2.3
Furthermore, prospective studies have
demonstrated that lifestyle modification
in the form of diet and regular moderate
exercise sharply decreases the likelihood of developing type 2 diabetes in
high-risk individuals who have impaired
glucose tolerance or impaired fasting
glucose. The effectiveness of this intervention superseded that of metformin
therapy.4 It is crucial, therefore, to properly educate obese patients and patients
with glucose intolerance or impaired
fasting glucose about the significance of
exercise and weight loss in preventing
diabetes, especially because many
patients may make the presumption that
medical therapy is the more important
approach.

of decreased hepatic glucose output.
After 28 days of calorie restriction,
there was further decline in the fasting
glucose levels of obese diabetic subjects,
and insulin sensitivity was significantly
improved. It is also noteworthy that
improvement in insulin sensitivity
correlated well with decrease in fasting
glucose and insulin sensitivity.5 These
results occurred with an average weight
loss of only 6 kg. These studies did not
show an improvement in insulin secretory capacity.5,6
Obese people also have a high incidence of hypertension and hyperlipidemia
compared to nonobese people, which may
further increase their risk of microvascular and macrovascular complications
of diabetes.2 Weight loss also has been
shown to decrease systolic and diastolic
blood pressure7 and LDL cholesterol and
lipid levels8 in obese diabetic patients,
albeit less dramatically than it affects
glucose. Ongoing trials are studying the
ability of intensive lifestyle interventions
to decrease the rate of cardiovascular
disease events in type 2 diabetes.9

Control of Existing Diabetes
Lifestyle interventions are not just
beneficial before the development of
diabetes. Several studies have clearly
demonstrated the benefit of a healthful
diet, regular exercise, and weight loss
in individuals already diagnosed with
diabetes. Substantial dietary restriction
to 1,100 kcal/day has been shown to
decrease fasting blood glucose of obese
patients with diabetes and even in those
without diabetes in as few as 4 days.
This improvement was likely the result

Dietary Considerations
Carbohydrate
People with type 1 diabetes, because
they experience absolute insulin
deficiency, must use insulin to control
glucose excursions after meals. Since
1994, the American Diabetes Association (ADA) has recommended that, for
patients with type 1 diabetes, 60–70%
of total calories come from carbohydrate
and monounsaturated fat. Although
some studies have considered whether
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a preponderance of calories from
unsaturated fat or carbohydrate may be
more beneficial, there is no consensus
on the relative amount of each. There are
demonstrated improvements, however,
from adjusting the doses of prandial
rapid- or short-acting insulin based
on the carbohydrate content of meals
for patients using basal-bolus insulin
regimens involving multiple daily injections or continuous subcutaneous insulin
infusion. Similarly, patients on fixed
doses of rapid- or short-acting insulin
should attempt to keep the amount of
carbohydrate relatively constant from
meal to meal.10,11
Recommendations for carbohydrate
consumption for people with type 2
diabetes are similar to those for patients
with type 1 diabetes. Carbohydrate and
monounsaturated fat should comprise
60–70% of total calories. However,
there is some concern that increased
unsaturated fat consumption may promote weight gain in obese patients with
type 2 diabetes and thereby decrease
insulin sensitivity.12 Glycemic excursions
appear to be similar between starches
and sucrose (“table sugar”); therefore,
sucrose does not need to be eliminated
from the diet.13
The “glycemic index” is an attempt
to compare the glycemic effects of
various foods to a standard, such as
white bread. Although several authors
have proposed its clinical usefulness
in controlling postprandial hyperglycemia, prospective studies have not
demonstrated a clear improvement in
hemoglobin A1c (A1C) in patients using
low–glycemic-index diets.12 One crosssectional study14 suggested a relationship
between low–glycemic-index diets and
low A1C levels in patients with type 1
diabetes, but it is important to note that
this study did not control for patients
using once-daily, twice-daily, or more
intensive insulin therapy regimens
to control their glucose excursions.14
Another more recent meta-analysis of
low–glycemic-index diets15,16 did suggest
a mild but significant improvement in
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A1C levels. Therefore, there may exist
a small benefit in pursuing a low–glycemic-index diet in patients with diabetes.
This benefit, however, appears to be
less than the benefit of either matching
insulin doses to carbohydrate consumed
or controlling carbohydrate consumed
when using fixed insulin doses.
Many sweeteners are available to the
general public; perhaps the most common is sucrose. Studies comparing the
impact of sucrose versus the impact of
the same amount of starch on glycemic
control have shown that their impact is
essentially identical. As described above,
sucrose should be adequately covered
by rapid- or short-acting prandial insulin
but does not need to be eliminated
from the diet. Fructose may cause less
postprandial hyperglycemia, but there
is some evidence suggesting that it may
also lead to or worsen hyperlipidemia.
Therefore, the addition of fructose to the
diet as a sweetening agent is not recommended by the ADA; foods that contain
naturally occurring fructose, such as
fruits, do not need to be avoided.12,15
The Federal Drug Administration
(FDA) has approved several sugar
alcohols for use as sweeteners. These
include products such as sorbitol, a common sweetener in chewing gum. Sugar
alcohols cause less hyperglycemia than
naturally occurring sugars and may also
decrease the risk of dental caries. They
are only partially absorbed from the
intestinal tract and therefore may lead to
diarrhea or gastrointestinal discomfort,
especially if consumed in higher
amounts.17 They provide approximately
half the calories of natural sugars and
should be included in carbohydrate
counting at half the impact of sucrose.
Despite a lower risk of cavities, they
have not been shown to facilitate weight
loss or improve glycemic control.12,15
Several nonnutritive sweeteners are
also available and do not affect blood
glucose levels. These include aspartame,
sucralose, saccharin, neotame, and
acesulfame potassium. Although at
one time linked to carcinogenesis in

laboratory animals at extremely high
doses, saccharin is no longer considered
a cancer-causing chemical by the FDA.12
One of the most recently released sweeteners, sucralose, has been shown to have
no significant effect on blood glucose
levels and therefore may be omitted
from carbohydrate calculations.12,15,18
These sweeteners have not been shown
to facilitate weight loss or improve
glycemic control.
Patients should exercise caution
whenever introducing artificial sweeteners into the diet or decreasing their carbohydrate consumption. Making these
changes without adjustment in diabetes
medications could cause hypoglycemia,
especially in patients using insulin or
insulin secretagogues.
Protein
Although the majority of clinical focus
on the management of diabetes is on
carbohydrate metabolism, protein
metabolism in the state of diabetes is
also abnormal. Patients with type 2
diabetes exhibit a more negative nitrogen
balance than individuals without
diabetes. Protein degradation appears
to be exacerbated by hyperglycemia
and improved by controlling glucose
levels with insulin therapy.19–21 These
studies suggest that the protein requirements for people with type 2 diabetes
may be slightly greater than those for
nondiabetic individuals, but as pointed
out by Franz et al.,12 most individuals in
the United States consume considerably
more protein than the recommended
daily allowance. Patients with type 1
diabetes can and do convert amino acids
into glucose depending on the level of
insulinization; therefore, protein consumption may cause hyperglycemia.12
Studies of patients with type 2 diabetes, however, have demonstrated that
protein consumption does not increase
plasma glucose concentrations and that
endogenous insulin release is, in fact,
stimulated by protein consumption.22
There may also be an association
between high-protein diets and the risk
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of developing diabetic nephropathy.
In a cross-sectional study of patients
with type 1 diabetes,23 patients with
macroalbuminuria were more likely than
those with microalbuminuria or normal
albumin excretion to report consuming
> 20% of their calories in the form
of protein. High-protein diets are not
recommended.
Dietary Fat
Recommendations regarding fat in the
diet of people with diabetes are similar
to those for patients with coronary artery
disease. This is primarily because studies
have shown that the risk of myocardial
infarction in diabetic patients is similar
to that of nondiabetic patients who
have already suffered a myocardial
infarction.24 Because saturated fats are
the major dietary determinants of serum
LDL cholesterol levels, people with
diabetes should strive to keep saturated
fat consumption to < 7% of total daily
calories and to minimize consumption of
trans-fatty acids. Cholesterol consumption should be < 200 mg/day.15
When incorporated into a controlledcalorie diet in which individuals are not
losing weight, programs that emphasize
either carbohydrate or monounsaturated
fats both lower cholesterol, but the
higher-carbohydrate diets may exacerbate hyperglycemia. In diets in which
total calories were reduced to facilitate
weight loss, however, the hyperglycemic
effect of the high-carbohydrate diet
appeared mitigated.15 Mediterraneanstyle diets, which are high in polyunsaturated fats, have been associated with
lower mortality in elderly Europeans,
but this study was not specific to people
with diabetes.25 Diets high in fish oil
may decrease the risk of cardiovascular
disease and all-cause mortality.26
Plant sterols are plant esters that
decrease intestinal absorption of both
dietary and hepatobiliary cholesterol.
They have been shown in prospective
studies of diabetic patients to decrease
LDL cholesterol. To avoid unnecessary
weight gain, the ADA recommends
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that, if they are used in the diet to
decrease cholesterol, they should replace
cholesterol sources rather than simply be
added.15,27
There has been a great deal of
interest in using micronutrients such as
chromium, zinc, antioxidants, and herbal
supplements to improve diabetes control.
Although some small studies have
suggested a benefit from chromium,
other studies and meta-analysis have not
reached the same conclusion. Currently,
there are no large convincing studies that
prove benefit of micronutrients in the
management of diabetes.15
Considerable attention and marketing
has been focused on the macronutrient
content of diets. A recent study suggested
that a diet low in carbohydrate and high
in fat and protein may yield greater
weight loss than other diets in nondiabetic
patients.28 Similar diets studied in diabetic
patients have also suggested that a lowcarbohydrate diet may produce similar
or superior weight loss than balanced
diets. Changes in triglycerides may be
more favorable in low-carbohydrate
diets, and A1C levels may be lower in
low-carbohydrate diets.29,30 Meta-analysis
of several studies, however, suggested that
low-carbohydrate diets may raise LDL
levels.15,31 It is important to note that the
existing studies of low-carbohydrate diets
are short-term studies and that the longterm effects of such diets is unknown.
This is especially concerning because of
their widespread use and the association
of diabetic kidney disease with diets consisting of > 20% of calories from protein.
For these reasons, a low-carbohydrate diet
(< 130 g of total carbohydrate per day) is
not recommended by the ADA.15
Exercise
Patients with type 1 or type 2 diabetes
have an increased risk of coronary artery
disease. The ADA recommends that
patients who plan to begin a moderate- to high-intensity exercise program
undergo screening for cardiovascular
disease if they are > 35 years of age.
Patients who are > 25 years of age

should also be screened if they have
had type 2 diabetes for > 10 years or
type 1 diabetes for > 15 years, have
an additional risk factor for coronary
disease, or have microvascular disease,
peripheral vascular disease, or autonomic neuropathy. Decisions regarding
screening of patients who plan low levels
of physical activity, such as walking,
are left to the discretion of the treating
physician. Because some activities can
lead to retinal hemorrhage or detached
retina in the setting of proliferative
retinopathy, patients with this condition
should consult their ophthalmologist
before beginning an exercise regimen.32
People with type 1 diabetes who
begin an exercise regimen should tailor
their exercise regimen to their specific
condition. For instance, a patient with
peripheral neuropathy must take precautions to avoid blisters and abrasions and
check closely for such conditions after
exercising. Patients should consider
delaying exercise if their blood glucose
is > 250 mg/dl and ketones are present
or if their blood glucose level is > 300
mg/dl. They should monitor blood
glucose before and after physical activity
and be cautious about hypoglycemia,
which can develop during or even
several hours after exercise. They should
have carbohydrate sources available and
consume them as necessary to avoid
hypoglycemia. Although studies have
not demonstrated a clear benefit of
aerobic exercise on A1C levels in type
1 diabetes, aerobic exercise is clearly
beneficial in controlling other risk factors for cardiovascular disease.32
Physical exercise is a key component
of lifestyle modification that can help
individuals prevent or control type 2
diabetes. Although diet is probably more
important in the initial phases of weight
loss, incorporating exercise as part of
a weight-loss regimen helps maintain
weight loss and prevent weight regain.33
Mild to moderate activity levels have
been associated with a lower risk of
developing diabetes or pre-diabetes. Men
with low degrees of cardiorespiratory
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fitness may have up to a 1.9-fold
increased risk of developing impaired
fasting glucose compared to men with
high degrees of fitness.34 Patients should
understand that the amount of exercise
that produces a beneficial effect on
health is not large; as little as 30 minutes
of moderate physical activity daily may
offer protection from diabetes.33,35 As
with the lowering of A1C levels, there is
a gradient of benefit with higher levels
of exercise and activity. Greater levels
of physical activity are associated with
lower risks of developing diabetes in
women compared with lesser levels of
activity.36 These studies indicate that
exercise should be a mainstay of primary
prevention of diabetes.
In patients with type 2 diabetes,
structured regimens of physical activity
for 8 weeks or longer improved A1C
independent of changes in body mass.
There may also be further improvement
in A1C with increasing intensity of
exercise.37,38 Exercise in type 2 diabetes
has not been associated with peripheral
neuropathy or worsening of nonproliferative retinopathy. Physical activity
may cause transient increases in urinary
albumin excretion, but exercise has
not been shown to increase the rate of
progression of diabetic kidney disease.
Resistance exercises may be incorporated into a weekly exercise regimen in
the absence of contraindications.37 As
further evidence regarding the benefit
of exercise, in men with diabetes, the
degree of physical fitness correlated with
overall mortality, and this association
was independent of BMI.33,39
When physicians are confronted with
newly presenting patients with diabetes
or glucose intolerance/impaired fasting
glucose, one of the most vexing questions posed is to what extent to rely on
exercise, weight loss, and dietary measures to control the disease. Evidence
supports the contention that controlling
blood glucose through modification of
diet and lifestyle should be a mainstay
of diabetes therapy. With many oral and
injectable pharmaceutical agents to help
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patients control their glucose levels, it
is easy for a practitioner to overlook or
forget to emphasize and reinforce the
importance of lifestyle modification
on the treatment of diabetes. Despite
being one of the most time-consuming
discussions to have with patients,
this is probably the most important
patient-physician discussion in regard
to diabetes control and prevention of
disease progression and complications.
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