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Abstract

Life style modifications involve guidance regarding dietary alterations and tai-
lored physical activity. Diabetic diets have evolved with changing times. Prior
to advent of insulin, caloric restriction and ketogenic diet prolonged the life
expectancy to 1.9 to 2.3 years in subjects with type 1 diabetes. However, ca-
loric restriction in obese subjects with diabetes has been recommended
throughout the history. Since the availability of insulin, diets for diabetes have
been repeatedly debated primarily regarding caloric contribution derived from
the carbohydrate content. However, recommendations to avoid ingestion of
refined sugar and saturated fats have remained consistent. Finally, diabetic
diets are being formulated by nutritionists based on ethnicity, nationality,
culture and eating habits of the individual. Caloric content is based on the pa-
tient’s body build, weight, energy needs and physical activity and may be ad-
justed according to individual eating habits, type of insulin regimen, and me-
tabolic derangements. The proportion of caloric sources (fat, carbohydrate,
protein) may be altered depending on the presence of secondary disorders.
Several small daily meals, including a bedtime snack, are advised. Diabetic di-
ets are often cost-effective, contrary to common belief. Patients should be en-
couraged to exercise to achieve optimum metabolic control. Active patient
participation in the management program is an essential component of ther-

apy.
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1. History of Diabetic Diet

An appropriate diet is the cornerstone of diabetes management has been recog-
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nized for over 5000 years. Initial documentation of Dietary treatment of diabetes
mellitus goes as far back as 3500 BC in Egypt [1] [2]. Another specific diet for
treatment of diabetes is credited to Sushruta and Charaka in the ancient litera-
ture in India more than 2000 years ago [1]. For a long time until relatively re-
cently in the 18th century, John Rollo documented reduction in glycosuria with
implementation of calorie restriction in some subjects with (probably type 2)
diabetes [1]. In 1797, Rollo developed the first such diet, consisting of four
meals: breakfast (1 1/2 pt of milk, 1/2 pt of lime water, bread and butter), lunch
(pudding of blood and suet), dinner (old, rancid meats), and supper (the same as
breakfast) [1]. In 1870, Bouchardat had observed a reduction of glycosuria in
diabetic patients who existed on starvation rations during the siege of Paris [3].
Thus, he confirmed Rollo’s observation and recommended that diabetic patients
eat small amounts of food, especially carbohydrate [3]. In more modern history,
the importance of diet as a major treatment of diabetes was again emphasized by
Frederick Madison Allen and Elliott Joslin in the early 20th century (1919) prior
to discovery of insulin [1]. They demonstrated that lean subjects with diabetes
(probably type 1) administered a low-calorie diet with nearly zero-carbohydrate
content prevented deaths from ketoacidosis and extended survival for 1.3 to 2.9
years [1]. However, this approach provoked onset of various other medical dis-
orders [3]. The introduction of insulin by Frederick Banting in 1922 afforded
patients a new opportunity to practice flexibility in their eating patterns [3]. Af-
ter diabetes was recognized to involve aberrations of glucose metabolism, nu-
trients other than carbohydrate were thought to be better utilized by the body.
The diet for diabetics at the London Hospital in 1931 consisted of extremely
high fat content (68%), low carbohydrate (15%) and protein (17%) contents [1]
[2]. A low-carbohydrate diet was advocated until only a few years ago. At present,
variable carbohydrate content of diet according to various individual factors is
encouraged. Further understanding of the influence of diet in diabetes manage-
ment led the American Diabetes Association, in conjunction with the U.S. Public
Health Service, to introduce the “exchange scheme” in the 1950s [4]. These
recommendations provided guidelines for exchanging one food item of similar
nutrition value especially a carbohydrate for another. Ongoing evaluation of the
exchange scheme resulted in repeated revised guidelines by ADA in 1976, 1986,
and again in 1995 [4]. On recent understanding of the concept of “glycemic in-
dex”, the exchange schemes have been relegated in preference of other dietary
recommendations [4] [5] [6]. A diet high in plant fiber was initially recom-
mended by James Anderson [5]. This guidance was based on his own studies as
continuation of the work of Denis Burkitt, Hugh Trowell and Price on dietary
fiber [6] [7]. Therefore, in recent times, many nutritionists have shunned away
of recommending the exchange scheme. Instead, they are likely to recommend a
typical healthy diet: one high in fiber, with a variety of fruit and vegetables, and
low in both sugar and fat, especially saturated fat [4]-[11].

Concurrent with dietary evolution, the role of physical activity (exercise) in
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management of diabetes was being established [8] [9] [10]. In response to this
data, Nathan Pritikin opened a first fitness center in 1976 where patients parti-
cipated in an ongoing programming of diet and exercise (the Pritikin Program).
The diet recommended by the Pritkin program focused on high carbohydrate
and fiber contents derived from fresh fruit, vegetables and whole grains. In 2005,
the utility of the Pritkin program achieved a dramatic metabolic improvement in
just three weeks amongst a group of subjects with diabetes or pre-diabetes with
about half attaining remission [8] [9] [10] [11]. Finally with advent of informa-
tion technology, mobile applications for managing diabetic patients’ nutrition
have become available [12].

The presently recommended diet by American Diabetes Association has evolved
over centuries [13]. It excludes refined sugars, has a polyunsaturated fat/saturated
fat ratio > 1:1, and includes limited intake of trans fats to protect against cardi-
ovascular disease, the most frequent cause of death [14] [15] [16]. Ideal contri-
bution of carbohydrates, fats and proteins to daily diet is variable according to
ethnicity, age, gender and associated disorders. Meal plans should be tailored for
individual subjects based on daily caloric intake and metabolic goals. Most fre-
quently utilized meal pattern includes distribution of daily calories into 3 major
meals and a bedtime snack (Table 1). However, a variety of eating patterns may
be considered dependent on habits, occupations and shifts of work etc. with a
major objective of achieving uniform diurnal glycemia in the target range (70 -
180 mg/dl) in subjects with diabetes and delay onset of diabetes in individuals
with pre-diabetes [13]. Most diabetic diets also recommend adequate fiber intake
to delay food absorption and induce favorable alterations in gut morphology
[17]-[27]. However the quantity of fiber required to provide these benefits is al-
most five times the amount in a normal diet, and is likely to cause abdominal
distention, diarrhea, flatulence, and mineral losses [24] [28] [29]. Since the to-
lerable and acceptable fiber content is unknown in an individual subject, low fi-
ber intake should be initiated and then increased gradually, allowing for devel-
oping tolerance to an intake of almost 45 g without altered nutrient absorption
[13] [22] [29] [30].

2. Objectives

The goals of nutritional therapy in diabetes are to attain and maintain ideal
body weight in adults, achieve normal growth rate in children, attain and
maintain desirable glycemic control to avoid acute complications and prevent
or delay long-term complications while providing optimum nutrition. Lifelong
compliance and adherence on the part of the patient are crucial and therefore
require appropriate long-term plan with recurrent education utilizing several
motivational techniques (Table 2).

A lifelong nutritional therapy in patients with diabetes involves the following
goals and principles:

1) Attainment and maintenance of ideal body weight through weight reduc-
tion in obese patients with type 2 and weight gain with type 1 diabetes (Table 3).
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2) A team approach to therapy through emphasis on the involvement of the
patient and his or her family and recurrent evaluation and support by the health
care team.

3) Individualized meal planning based on associated disorders, degree of ac-
tivity, and eating habits.

Table 1. Preferred general distribution of calories in meal plans for most subjects with
diabetes*.

Proportion of daily caloric intake by meal

2/10 Breakfast
3/10 Lunch
4/10 Supper
1/10 Bedtime Snack’

*Should be individualized according to each patients’ degree of activity, job schedule, etc.
"Important in preventing nocturnal hypoglycemia.

Table 2. Motivational techniques for encouraging patient compliance to diabetic diet [31]
[32] [33].

1. Stimulate patient awareness of and 6. Encourage patient to become interested
interest in diet, nutrition, and diabetes by  in daily, consistent exercise, new activities,
explaining, in simple terminology, and activities involving other people.
relationship between disease control and  Convince patient to deemphasize events
complications, rationale of treatment, and revolving around food.

impact of social and environmental factors.

2. Develop good rapport and satisfactory 7. Encourage patient to deal with emotions
relationship with patient. Be empathetic and (guilt, boredom, anxiety, anger, depression,
compassionate but firm. self-pity, happiness) in ways other than

excessive eating or binging.

3. Make patient aware of goals of therapy. 8. Promote use of variety of foods and
Allow patient to set only achievable goals, recipes to prevent boredom with diet.
since setting of unrealistic goals inevitably

9. Encourage patient to increase intake of

leads to failure and discouragement. bulk and fiber in diet, which may deter

Encourage patient to recover from binges snacking. Incorporate raw foods, clear hot

and setbacks and to try again. Ascertain soups, and low-calorie beverages into diet to

patient’s interest in order to provide new jcrepqe feeling of satiety. Encourage patient
motivation and encouragement and set new to eat slowly

goals. Ask questions that stimulate curiosity

and general discussion; avoid questions that

may be answered with “yes” or “no”.

4. Continually encourage patient to assume 10. Institute gradual changes in diet plan to
responsibility for himself or herself. Refute improve adaptability in noncompliant
excuses for noncompliance. patient.

5. Encourage patient to record daily food  11. Institute behavior modification if
intake and weekly weight measurement. necessary.
Evaluate records with patient.
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Table 3. Methods for calculation of ideal body weight.

Adults:

1. Simple method*

Men: 47.7 kg (106 1b) for first 150 cm (5 ft) of height. Add 2.7 kg (6 1b) for each
additional 2.5 cm (1 in.). (Variance of 10% allowed for large or small frame)

Women: 45 kg (100 1b) for first 150 cm (5 ft) of height. Add 2.25 kg (5 Ib) for each
additional 2.5 cm (1 in.)

2. Broca’s Index’
Height in cm - 100 = optimum body weight in kg

3. Nomogram?*

Children:

Growth chart (Wetzel, Iowa or Stuart)*: Height and weight must be charted every 3
mo on continuum. Most children remain in same growth percentile throughout
childhood if adequate calories and appropriate insulin therapy provided.

*Adapted from Danowski TS, ed. Diabetes mellitus: diagnosis and treatment. Vol 1. New
York: Am Diabetes Assn, 1964: 73-78 [34]; tAdapted from Bray GA. Definition, mea-
surement, and classification of the syndromes of obesity. Int ] Obes 1978: 2 (2): 99-112
[35]; ¥ From Boothby WM, Berkson J, Dunn HL. Studies of the energy of normal indi-
viduals: a standard for basal metabolism, with a nomogram for clinical application. AM J
Physiol 1936: 116 (2): 468-484 [36].

4) Careful balance between nutrient intake, energy expenditure, and the dose
and timing of the drugs (i.e. oral agents, insulin)

5) Goal-oriented progress based on recurrent counseling with revision to new
goals, with adjustment of caloric intake based on weight loss in type 1 and weight
gain in type 2 (Table 4).

6) Behavior modification must include long term planning and must be per-
sistent, repetitive and must be emphasized at each clinic visit Motivational tech-
niques may be helpful to encourage patient compliance (Table 2). Institute gra-

dual changes in diet plan to improve adaptability on the part of patients.

3. Implementation

Diabetes therapy is often determined by the type of diabetes mellitus [13]. For
patients with both type 1 and type 2, meal planning must include guidelines for
both food choices and caloric intake. In patients with type 1, daily caloric intake
may be unrestricted at diagnosis as most of the patients are young and expe-
rience weight loss prior to diagnosis. The plan must emphasize timing and con-
sistency of meals with appropriate diet composition (e.g. increased protein in-
take during adolescence, adjustment of calories for exercise and other physical
activities, pubertal status, pregnancy and lactation needs, and growth assess-
ment.

The major goal of nutritional therapy in subjects with type 2 and obesity is to
attain and maintain ideal body weight. Total caloric content of the diet is more

crucial than the constituents for promoting weight loss. The number of fat cells
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Table 4. Methods for estimating appropriate caloric level for achievement and mainten-
ance of ideal body weight.

For adults:

1) Begin with 22 calories/kg (10 calories/Ib) of ideal body weight to determine caloric
level for resting in bed.

2) Increase resting caloric requirement by percentage to allow for daily activity level:
minimal ambulation, 20% - 25%; sedentary job, 40% - 50%; moderate activity
70% - 75%; manual labor (e.g., construction work), 75% - 100%.

3) a. Add (subtract) percentage of daily requirement corresponding to percentage
underweight (overweight).

b. Add (subtract) 500 calories for weekly weight gain (loss) of 1 Ib. Add 300 calories
daily for pregnant and 500 calories daily for lactating women.

4) Supplement diet of less than 1200 calories with multiple vitamin to meet daily vitamin
requirements.

For children:

Begin with 1000 calories for first year of life; add 100 calories for each succeeding year.

may increase permanently during a period of rapid weight gain [37]. Starvation
diets should therefore be discouraged, as most patients tend to overeat and re-
gain weight after the starvation period. The presence of childhood obesity also
poses a problem because of an increased number of fat cells formed during pe-
riods of rapid growth, particularly during infancy [38]. Despite an adequate
compliance, these patients have difficulty achieving the same weight loss as pa-
tients who become obese as adults. Therefore, gradual and consistent weight loss
is the primary focus. The attainment of ideal body weight and the time factor are
secondary since the prognosis is poor and the success rate is minimal in patients
who go through cycles of rapid weight gain and loss because of intermittent
noncompliance with diet. Weight loss is not always steady and predictable in
most patients. It may reach a plateau if total calories are not further reduced be-
cause of the body’s adaptation to the initial caloric intake and a 15% to 30% de-
crease in metabolism induced by altered hormonal milieu [39] [40] [41] [42].
Goals must therefore be continually revised. The patient must regard the meal
plan as a permanent change in lifestyle [43].

A weight-reduction diet must include adequate intake of protein and carbo-
hydrate to spare protein for anabolic purposes. Frequency of meals is extremely
important. Food consumption itself stimulates metabolism (dietary thermoge-
nesis), which is decreased in obese persons [44] [45] [46]. Lack of food intake for
several hours may result in late reactive hypoglycemia in patients with type 2
diabetes. For these patients, three or four small meals a day are better than one
large meal. Generally, ingestion of one large daily meal leads to uncontrolled
appetite during the rest of the day and encourages binge eating. Also, calories are
used more efficiently and cholesterol levels and degree of glucose intolerance

improve when three to six meals are consumed rather than one large meal [47].
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Some persons who take in small feedings may eventually adapt to a low caloric
intake, making further weight reduction difficult. Therefore, close follow-up of
patients is necessary so that the diet plan can be adjusted. Most studies [13]
[47]-[53] advocate a distribution of two tenths to four tenths of calories at each
meal and one tenth for each snack especially at bedtime (Table 1). Bedtime
snack is helpful in reducing these frequency of nocturnal hypoglycemia, which
may go unrecognized in some patients. In other patients, hypoglycemia may
manifest as nightmares or night sweat, often followed by headache on awakening
due to rebound morning hyperglycemia (Somogyi effect).

Patients’ dietary habits must be recognized and respected as they are deeply
ingrained. Therefore, modification of diet requires intensive, persistent and re-
current counseling in order to develop new eating habits. Patients must realize
that they and their families are the major active participants in the management
team, since family support enhances patient attitude and compliance. Frequent
follow-up visits with management team (e.g. physician, Diabetes educator, psy-
chologist, dietitian) are the crux of achieving a successful outcome. Diabetic di-
ets have the reputation of being expensive; though without much evidence [13]
[54]. Most patients are able to afford the diet, since it generally consists of the
same types of food consumed by other family members, with some modifica-
tions. Low-cost sources of protein with high nutrient density (e.g. legumes, pea-
nut butter, nonfat dry milk, fish) may be suggested, as may iron-fortified cereals,
which provide economical sources of iron and minerals. Use of home-grown
foods can also help reduce costs. Family members must be involved in diabetic
treatment, and the development of a meal plan should be discussed with them.
Support from family members has a beneficial effect on the patient’s attitude and

compliance.

4. Controversies

The concept of glycemic index was introduced by in the 1980 [55]. This term re-
lates to the degree of post prandial glycemia occurring following ingestion of in-
dividual food items (e.g., rice, bread, ice cream etc.) in comparison with glyce-
mia of the same quantity of glucose. Similar studies were conducted by Dr. J. C.
Patel and his colleagues in India in the 1950s comparing the effect of ‘ragi, roti
or bhakri’ (bread) with rice and other foods [56] [57]. However, the influence of
ingestion of carbohydrates based on glycemic index on glycemic control is in-
consistent [58] [59] [60] [61] [62]. Moreover, the concept is less than practical
and confusing to most patients.

Debate regarding the carbohydrate content continues. Early epidemiological
studies provide circumstantial evidence that diets high in complex carbohydrate
and low in fat protect against heart disease [50] [51] [63] [64]. Since atheroscle-
rotic lesions account for 75% to 85% of deaths of diabetics in the United States,
the recommendation of low-fat diet appears to be prudent [65] [66] [67]. How-
ever, recent studies have demonstrated that diets with low carbohydrate, high fat

contents “ketogenic diets” may offer greater benefits in terms of glycemic con-
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trol as well as other metabolic indices including cardiovascular risk markers as
well as outcomes [68] [69] [70] [71] [72]. However, low-carbohydrate eating
plans generally indicate challenges with long-term sustainability [72]. Finally,
majority of subjects with diabetes in USA consume diets with carbohydrate con-
tent close to 50%, similar to most of the population. Long term success rates de-
spite intense efforts to alter ingrained eating habits are dismal as people revert to
their usual distribution of calories among food groups [72]. Therefore, individu-
alizations of the meal plans based on personal characteristics is likely to the most
effective approaching achieving consistency and long-term maintenance [13] [73]
(74].

Another controversial aspect of the diet is the inclusion of simple refined su-
gars. Several studies have shown that without any additional intervention the
amount of simple sugar in meal may not worsen postprandial glycemia in most
patients with type 2 diabetes [75] [76] [77]. Even in patients with type 1, inges-
tion of refined sugar may not exacerbate postprandial glycemia if the pre-prandial
rapid acting insulin dose is adjusted with a correction factor [78] [79]. We be-
lieve that postprandial glycemia may actually improve in type 2 patients with
optimal metabolic control, since their insulin secretory pattern is normalized,
and the simple sugar is the best stimulus for insulin secretion [76]. Foods con-
taining simple sugars (e.g. candy) are discouraged because of the possibility of
their causing a precipitous rise in blood glucose, even though some recent re-
ports have suggested that simple sugars may not induce hyperglycemia [75] [76]
[77] [78] [79]. The long-term effects of simple sugars in a diabetic diet are not
known.

Subjects with diabetes accustomed to consuming sugar containing food prod-
ucts, non-nutrient sweeteners may be recommended as substitutes though in mod-
eration [13]. However, most organizations discourage consumption of non-nutritive
sweeteners. Flavored water products are encouraged instead.

Many diabetic patients inquire about alcohol consumption. There is no firm
evidence that small amounts of alcohol are harmful. Patient must be advised re-
garding the importance of food consumption with alcohol intake in order to
avoid onset of hypoglycemia which is often sustained, especially while receiving
insulin. Therefore patients must be advised to monitor blood sugar frequently
after alcohol consumption to avoid hypoglycemia. In patients choosing to drink,
the guidelines established for non-diabetic subjects are recommended. The guide-
lines include a single drink per day for women and no more than two drinks per
day for men. One drink equals 12-oz beer, 5-0z of wine, or 1.5 oz of distilled spi-
rits. However, a cautious approach may help prevent addiction.

Over the counter supplements such as selenium, vanadium, turmeric, cinna-
mon etc. as well as are not recommended by ADA due to lack of quality evidence
[13].

5. Diet Recommendations (Practical Consideration)

Although guidelines for the formulation of diabetic diet are established by vari-
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ous organizations, individualized modifications are essential to adapt to special
patient needs e.g. caloric intake based on body weight, carbohydrate content, so-
dium restriction for hypertension, increased protein for trauma and stress, re-
stricted protein for liver and renal diseases etc.

Since carbohydrate responsive dyslipidemia with elevation of triglycerides oc-
curs in some patients, the carbohydrate content of the diet may need to be re-
duced substantially. Caloric excess and obesity contribute to hypertriglyceride-
mia as well. Therefore, caloric restriction and a relatively low carbohydrate in-
take are therapeutic to attain desirable metabolic goals in these patients.

A detailed diet history, must include the preceding data regarding patient’s
preferences about average daily caloric intake, typical distribution of calories in-
to food contents as well as number of daily meals, nutrients and nutritional lite-
racy. The major objective of nutritional intervention is to attain and maintain
ideal body weight. The caring team must discuss this goal with the patient and
next of kin. Inquiring of the patient’s impression of the healthy body weight may
arouse patient’s interest in understanding the role of diet in management as well
as stimulate patient motivation and participation rendering better compliance.
In contrast, telling the patient about goal of the team unilaterally may induce re-
sentment. Moreover, the information about the patient’s minimum, maximum,
and usual body weight during life may help decide the weight goal as well as the
period to attain the goal. Ideal body weight should be a range rather than a single
number. Gradual reduction is more appealing to the patient than rapid weight
loss, to the patient, a goal of weight loss 36 kg (80 Ib) seems overwhelming and
thus discouraging, while a goal of 2.25 kg (5 1b) per month appears reasonable
and attainable. Achieving the ideal body weight must be the major goal; the time
factor is a distant second. Reduced daily caloric intake is the main contributor to
promoting weight loss, not the food constituents (Table 4).

As therapy progresses, goals must be altered. The patient is encouraged to re-
gard the meal plan as a permanent change in life-style. Since dietary habits are
deeply ingrained, modification of diet involves intensive long-term counseling.

Bariatric procedure may assist achieving weight loss [80] [81] [82] [83]. How-
ever, all subjects undergoing the procedure must be alerted and educated re-
garding consequences of the procedure. Moreover, the ongoing education must
include the discussion of the approaches to prevent or manage the side effects.

In addition to attaining and maintaining ideal body weight, the patient needs
to develop consistent eating habits that include a nutritionally adequate meal
plan. The keys to patient compliance are an individualized diet plan and ongoing

active patient involvement.

6. Role of Exercise

Diabetic patients should be encouraged to exercise when feasible. Exercise en-
hances insulin sensitivity by facilitating the binding of insulin to its receptor sites

and activating post receptor mechanisms [84] [85] [86] [87] [88]. Exercise also
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promotes utilization of stored fats and lowers serum lipid levels. Exercise im-
proves muscle tone, increases endurance, and promotes a feeling of well-being
by decreasing boredom and depression, both of which can lead to overeating and
poor appetite control. Exercise, in conjunction with a weight reduction diet, will
often spare lean body mass without significantly affecting weight loss [84] [85]
[86].

The type, the strenuousness and the duration of exercise must be tailored for
individual patient based on cardiac status and severity of neuropathy and vascu-
lopathy. The simple, convenient and affordable exercise is “brisk walking” at a
pace of about 100 steps a minute for 30 minutes [89]-[95]. Upper body and arm
exercise can be performed by almost everyone including patients with neuropa-
thy. Timing of exercise is extremely important as well. The most opportune time
for exercise is the period with highest circulating insulin levels since exercise
enhances insulin sensitivity. Therefore the most effective time for exercise in
subjects with type 2 diabetes is 1 - 2 hours post meal and at the time of the peak
insulin levels attained following exogenous insulin administration.

Patients with type 1 diabetes should be especially cautious while performing
strenuous exercise, as it may induce hypoglycemia. The patient can avoid hy-
poglycemic episodes by increasing food intake (Table 5) or decreasing insulin
dosage before beginning exercise.

Hypoglycemia usually does not occur during or immediately following exer-
cise because of simultaneously ongoing hepatic glucose production induced by
exercise stimulated prompt secretion of counter regulatory hormones. Hypogly-
cemia can often be prevented or managed by patients and their family members
who have been educated to recognize its symptoms. The usual means of control
is ingestion of a rapidly absorbable carbohydrate, such as sugar, fruit juice, or
regular (non-diet) diet soda pop. Foods with a high fat content (e.g. candy bars,
caramels) are absorbed slowly and are not effective. After taking 10 gm of simple
carbohydrate, the patient should wait ten minutes. If symptoms persist, the pa-
tient should repeat this process. Patients should keep in mind that they may
misjudge certain symptoms as a hypoglycemic reaction and hence may treat
them without documenting low blood glucose. This action could be detrimental

to overall control of diabetes.

Table 5. Guidelines for increasing food intake to allow for extra activity in diabetics on
insulin therapy.

Activity Increase/extra hr of activity
(gm carbohydrate)

Moderate activity

(e.g., tennis, cycling, jogging, swimming)
10-15

Strenuous activity

(e.g., shoveling snow, ice hockey, football)
30-50
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In summary, life style modification including appropriate advice regarding
nutrition and physical activity remains a foundation of the therapeutic strategy

in management of diabetes.
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