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INTRODUCTION
India is competing with China to become the diabetes capital of the world. India has
confirmed diabetes patients in India are 69.2 million, with another 75 million in pre
diabetes group. Increasing body weight, particularly abdominal girth, is associated
with increasing risk for type 2 diabetes. About 80 percent of people with type 2
1-7
diabetes are overweight or obese by BMI or abdominal obesity criteria.
Diabetes leads to significant increase in morbidity and mortality rates, which can be
reduced by early diagnosis and treatment. Direct medical expenses such as
inpatient care, outpatient services, and nursing home care are astronomical and
indirect costs as disability, work loss, and premature mortality are equally high, in
addition, there is an intangible cost due to anxiety, depression, etc. Average medical
expenditure among people with diabetes is double that of people who do not have
diabetes. Total global annual healthcare expenditure on diabetes is 673 billion US
dollars. Thus, providing medical nutrition therapy (MNT) along with appropriate
exercise for prevention and treatment of diabetes has tremendous potential to
reduce these costs. Fortunately, people with diabetes can take steps to control the
disease and lower the risks of complications and premature death.8,9
A healthful eating pattern, regular physical activity, and often pharmacotherapy are
key components of diabetes management. For many individuals with diabetes, the
most challenging part of the treatment plan is determining what to eat. It is the
position of the American Diabetes Association (ADA) that there is not a “one-sizefits-all” eating pattern for individuals with diabetes. The ADA also recognizes the
integral role of nutrition therapy in overall diabetes management and has historically
recommended that each person with diabetes be actively engaged in selfmanagement, education, and treatment planning with his or her health care
provider, which includes the collaborative development of an individualized eating
10
plan.
In type 2 diabetes, weight loss may help slow the natural history of the disease and
delay the need for intensification of therapy to insulin. In type 2 diabetes even a
modest sustained reduction of the initial body weight (5-10%) can significantly
lessen diabetes-related complications by: improving glycaemic control, lipid profiles
and blood pressure.11
The intake of dietary fiber is inversely related to the risk of type 2 diabetes. Highprotein consumption especially casein protein, in those with normal renal functions,
and chromium supplementation in those who have chromium deficiency, appear to
be beneficial in improving glycaemic control in type-2 diabetes.12,13
MNT/meal-replacement/snack-replacement with high protein (including casein
protein), dietary fiber (Fructooligosaccharides), etc. seem to be beneficial in
achieving significant sustainable weight loss and improving a number of healthrelated parameters and metabolic profile in overweight and obesity cases
associated with type 2 diabetes with normal renal functions.10,14,35

Nutrition interventions should include a variety of minimally processed nutrientdense foods in appropriate portion sizes as part of a healthful eating pattern and
provide the individual with diabetes with practical tools for day-to-day food plan and
behavior change that can be maintained over the long term.10
This review discusses about nutritional management of adults with diabetes.
Nutrition therapy for the prevention of type 2 diabetes and for the management of
diabetes complications, diabetes in children and gestational diabetes mellitus is not
addressed in this review.
Two milestone clinical trials have demonstrated beyond any doubt the clear link
between glycemic control and the development of complications in person with Type
NUTRITIONAL MANAGEMENT OF DIABETES MELLITUS6
Type 1 diabetes management algorithm:

1 diabetes (T1DM) and Type 2 diabetes (T2DM), as well as the importance of
nutrition therapy in achieving control. The Diabetes Control and Complications
Trial (DCCT) studied approximately 1400 persons with T1DM treated with either
intensive (multiple injections of insulin or use of insulin pumps guided by blood
glucose monitoring results) or conventional (one or two injections per day)
regimens. Patients who achieved tight glycemic control, had 50% to 75% reductions
in the risk of progression to retinopathy, nephropathy, neuropathy, and fewer long
term cardiovascular complications (Diabetes Control and Complications Trial,
conducted in 1983-1993 and followed until 2005). Another study, the United
Kingdom Prospective Diabetes Study (UKPDS) demonstrated conclusively that
glucose and blood pressure control decreased the risk of long-term complications in
T2DM. A reduction in energy intake was at least as important, than the actual weight
8
loss.

Goals of Nutrition Therapy for Adults with Diabetes10,15
1. To promote and support healthful eating patterns, emphasizing a variety of
nutrient-dense foods in appropriate portion sizes, in order to improve overall
health and specifically to:
○ Attain individualized glycemic, blood pressure, and lipid goals.
General recommended goals from the ADA for these markers are as follows:
• HBA1C,<7%.
• Blood pressure,140/90 mmHg.
• LDL cholesterol, <100 mg/dL and <70 mg/dl in those with cardiovascular
disease; triglycerides <150 mg/dL; HDL cholesterol >40 mg/dL for men; HDL
cholesterol >50 mg/dL for women.
○

Achieve and maintain bodyweight goals

○

Delay or prevent complications of diabetes

2. To address individual nutrition needs based on personal and cultural
preferences, health literacy and numeracy, access to healthful food choices,
willingness and ability to make behavioral changes, and barriers to change.
3. To maintain the pleasure of eating by providing positive messages about food
choices while limiting food choices only when indicated by scientific evidence.
4. To provide the individual with diabetes with practical tools for day-to-day meal
planning rather than focusing on individual macronutrients, micronutrients, or
single foods.
Comprehensive group diabetes education programs including nutrition therapy or

individualized education sessions have reported A1C decreases of 0.31% for type 1
diabetes and 0.5-2% for type 2 diabetes.
Carbohydrate intake has a direct effect on postprandial glucose levels in people with
diabetes and is the primary macronutrient of concern in glycemic management. In
addition, an individual's food choices have a direct effect on energy balance and,
therefore, on body weight, and food choices can also impact blood pressure and lipid
levels. Through the collaborative development of individualized nutrition
interventions and ongoing support of behavior changes, health care professionals
can facilitate the achievement of their patients'/clients'health goals.
Diabetes nutrition therapy
In 1999, the Institute of Medicine (IOM) released a report concluding that evidence
demonstrates that medical nutrition therapy (MNT) can improve clinical outcomes
while possibly decreasing the cost of management of diabetes. Nutrition therapy is
the treatment of a disease or condition through the modification of nutrient or wholefood intake. The definition does not specify that nutrition therapy must be provided by
an registered dietician (RD). MNT or nutrition therapy should involve a nutrition
assessment, nutrition diagnosis, nutrition interventions (e.g.,education and
counseling), and nutrition monitoring and evaluation with ongoing follow-up to
support long-term lifestyle changes, evaluate outcomes, and modify interventions
10
as needed.
Medical nutrition therapy
For many individuals with diabetes, the most challenging part of the treatment plan
is determining what to eat. Therefore, it is important that all members of the health
care team be knowledgeable about diabetes nutrition therapy and support its
implementation. Nutrition intervention should be tailored according to each patient's
age, diabetes type, pharmacological treatment, lipid levels, and medical conditions.
See Table 1 for specific nutrition recommendations.10,15
Effectiveness of nutrition therapy
Key features are cited in Table 1. Findings from randomized controlled trials (RCTs)
and from systematic and Cochrane reviews demonstrate the effectiveness of
nutrition therapy for improving glycemic control and various markers of
10,15
cardiovascular and hypertension risk.
Effective nutrition therapy interventions should be a component of a comprehensive
group diabetes education program or an individualized session. Reported A1C
reductions are similar or greater than what would be expected with treatment with
currently available pharmacologic treatments for diabetes. The documented
decreases in A1C observed in these studies are type 1 diabetes: -0.3 to -1% and type
2 diabetes: -0.5 to -2%.10
Due to the progressive nature of type 2 diabetes, nutrition and physical activity

RD Registered dietician, DSME Diabetes self-management education, SSBs - sugar-sweetened beverages, NNSs - nonnutritive sweeteners, GFR glomerular filtration rate, MUFA - monounsaturated fatty acid, CVD - cardiovascular disease, EPA - Eicosapentaenoic acid, DHA - Docosahexaenoic acid,
ALA - Alpha-linolenic acid in table.

interventions alone (i.e., without pharmacotherapy) are generally not adequate in
maintaining persistent glycemic control over time for most individuals. However,
after pharmacotherapy is initiated, nutrition therapy continues to be an important
component of the overall treatment plan. For individuals with type 1 diabetes using
multiple daily injections or continuous subcutaneous insulin infusion, a primary
focus for nutrition therapy should be on how to adjust insulin doses based on
planned carbohydrate intake. For individuals using fixed daily insulin doses,
carbohydrate intake on a day-to-day basis should be consistent with respect to time
and amount. Intensive insulin management education programs that include
nutrition therapy have been shown to reduce A1C. Retrospective studies reveal
durable A1C reductions with these types of programs and significant improvements in
quality of life over time. Finally, nutritional approaches for reducing cardiovascular
diseases (CVD) risk, including optimizing serum lipids and blood pressure, can
effectively reduce CVD events and mortality.10
10,15

Energy Balance/weight Loss

Important features are cited in Table 1. Intensive lifestyle programs with frequent
follow-up are required to achieve significant reductions in excess body weight and
improve clinical indicators. Weight loss of 2-8 kg may provide clinical benefits in
those with type 2 diabetes, especially early in the disease process. Although several
studies resulted in improvements in A1C at 1 year, not all weight-loss interventions led
to 1-year A1C improvements. The most consistently identified changes in
cardiovascular risk factors were an increase in HDL cholesterol, decrease in
15
triglycerides, and decrease in blood pressure.
Weight-loss studies have used a variety of energy-restricted eating patterns, with no
clear evidence that one eating pattern or optimal macronutrient distribution was
ideal, suggesting that macronutrient proportions should be individualized. Studies
show that people with diabetes eat on average about 45% of their calories from
carbohydrates in western countries and about 60-65% in India, approximately 3640% (15-20% in India) of calories from fat, and approximately16-18% from protein.
A variety of eating patterns have been shown to be effective in managing diabetes,
including Mediterranean-style, Dietary Approaches to Stop Hypertension (DASH)style, and plant-based (vegan or vegetarian), lower-fat, and lower-carbohydrate
patterns.15
More than three out of every four adults with diabetes are at least overweight, and
nearly half of individuals with diabetes are obese by BMI and central obesity criteria.
Because of the relationship between body weight (i.e., adiposity) and insulin
resistance, weight loss has long been a recommended strategy for overweight or
obese adults with diabetes. Prevention of weight gain is equally important. Longterm reduction of adiposity is difficult for most people to achieve, and even harder for
individuals with diabetes to achieve given the impact of some medications used to
improve glycemic control (e.g., insulin, insulin secretagogues, and
thiazolidinediones). A number of factors may be responsible for increasing adiposity

in people with diabetes, including a reduction in glycosuria and thus retention of
calories otherwise lost as an effect of therapeutic intervention, changes in food
intake, or changes in energy expenditure. If adiposity is a concern, medications that
are weight neutral or weight reducing (e.g., metformin, incretin-based therapies,
sodium glucose co-transporter 2 [SGLT-2] inhibitors) could be considered. Several
intensive DSME and nutrition intervention studies show that glycemic control can be
achieved while maintaining weight or even reducing weight when appropriate
10
lifestyle counseling is provided.
Studies designed to reduce excess body weight have used a variety of energyrestricted eating patterns with various macronutrient intakes and occasionally
included a physical activity component and ongoing follow-up support. Studies
achieving the greatest weight losses, 6.2 kg and 8.4 kg, respectively, included the
Mediterranean-style eating pattern and a study testing a comprehensive weight loss
program that involved diet (including meal replacements) and physical activity. In the
studies reviewed, improvements in A1C were noted to persist at 12 months in eight
intervention groups within five studies; however, in one of the studies including data
at 18 months, the A1C improvement was not maintained. The Mediterranean-style
eating pattern reported the largest improvement of A1C at 1 year (-1.2%), and the
Look AHEAD study intensive lifestyle intervention reported the next largest
improvement (-0.64%). One of these studies included only individuals with newly
diagnosed diabetes, and the other included predominantly individuals with diabetes
early in the disease process (<30% were on insulin). Significant improvements in A1C
at 1 year were also reported in other studies using energy restricted eating plans;
these studies used meal replacements, or low-fat/high-protein, or high carbohydrate
eating patterns. Not all weight loss interventions reviewed led to improvements in A1C
10
at 1 year, although these studies tended to achieve less weight loss.

Optimal Mix of Macronutrients
Key features are cited in Table 1. Regardless of the macronutrient mix, total energy
intake should be appropriate to weight management goals. Further, individualization
of the macronutrient composition will depend on the metabolic status of the
individual (e.g.,lipid profile, renal function) and/or food preferences. A variety of
eating patterns have been shown modestly effective in managing diabetes including
Mediterranean-style, Dietary Approaches to Stop Hypertension (DASH) style,
10
plant-based (vegan or vegetarian), lower-fat, and lower carbohydrate patterns.
Eating Patterns
Main features are cited in Table 1 and types of eating pattern are mentioned in
Table 2. A variety of eating patterns (combinations of different foods or food groups)
are acceptable for the management of diabetes. Personal preferences (e.g.,
tradition, culture, religion, health beliefs and goals, economics) and metabolic goals
should be considered when recommending one eating pattern over another.10,15
The Mediterranean-style eating pattern, mostly studied in the Mediterranean region,

has been observed to improve cardiovascular risk factors (i.e., lipids, blood
pressure, triglycerides) in individuals with diabetes and lower combined end points
for CVD events and stroke when supplemented with mixed nuts (including walnuts,
almonds, and hazelnuts) or olive oil. Individuals following an energy-restricted
Mediterranean-style eating pattern also achieve improvements in glycemic
10,15
control.
Diet studies ranged in duration from 12 to 74 weeks, and the diets did not
consistently improve glycemic control or CVD risk factors except when energy
10
intake was restricted and weight was lost. Diets often did result in weight loss.
The low-fat eating pattern is one that has often been encouraged as a strategy to
lose weight or to improve cardiovascular health. In the Look AHEAD trial, an energy
reduced low-fat eating pattern was encouraged for weight loss, and individuals
achieved moderate success. However, in a systematic review and in four studies and
in a meta-analysis published since the systematic review, lowering total fat intake did
not consistently improve glycemic control or CVD risk factors. Benefit from a low-fat
eating pattern appears to be more likely when energy intake is also reduced and
weight loss occurs.10
In one small study in people with type 2 diabetes, the DASH eating plan, which
included a sodium restriction of 2,300 mg/day, improved A1C, blood pressure, and
other cardiovascular risk factors. The blood pressure benefits are thought to be due
to the total eating pattern, including the reduction in sodium and other foods and
nutrients that have been shown to influence blood pressure.10
The evidence suggests that several different macronutrient distributions/eating

patterns may lead to improvements in glycemic and/or CVD risk factors. There is no
“ideal”conclusive eating pattern that is expected to benefit all individuals with
diabetes. Total energy intake (and thus portion sizes) is an important consideration
no matter which eating pattern the individual with diabetes chooses to eat. Because
dietary patterns are influenced by food availability, perception of healthfulness of
certain foods and by the individual's preferences, culture, religion, knowledge,
health beliefs, and access to food and resources (e.g.,budget/income), these factors
should be considered when individualizing eating pattern recommendations.10
Individual macronutrients
Carbohydrate Management
Key features are cited in Table 1. Studies examining the ideal amount of
carbohydrate intake for people with diabetes are inconclusive, although monitoring
carbohydrate intake and considering the available serum insulin levels are key
strategies for improving postprandial glucose control. The literature concerning
glycemic index and glycemic load in individuals with diabetes is complex, although
reductions in glycosylated hemoglobin (A1C) of -0.2% to -0.5% have been
demonstrated in some studies. A systematic review found consumption of whole
grains was not associated with improvements in glycemic control in people with type
2 diabetes, although it may reduce systemic inflammation. One study did find a
potential benefit of whole-grain intake in reducing mortality and cardiovascular
disease (CVD).15
Despite the inconclusive results of the studies evaluating the effect of differing
percentages of carbohydrates in people with diabetes, monitoring carbohydrate
amounts is a useful strategy for improving postprandial glucose control. Evidence
exists that both the quantity and type of carbohydrate in a food influence blood
glucose level, and total amount of carbohydrate eaten is the primary predictor of
glycemic response. In addition, lower A1C occurred in the Diabetes Control and
Complications Trial (DCCT) intensive-treatment group and the Dose Adjustment For
Normal Eating (DAFNE) trial participants who received nutrition therapy that
focused on the adjustment of insulin doses based on variations in carbohydrate
10
intake and physical activity.
Dietary fiber and Whole Grains
Key features are cited in Table 1. Intake of dietary fiber is associated with lower allcause mortality in people with diabetes.10
Total fiber intake, especially from natural food sources, seems to have a beneficial
effect on serum cholesterol levels and other CVD risk factors such as blood
pressure. Because of the general health benefits of fiber, recommendations for the
general public to increase intake to 14 gm fiber/1,000 kcals daily or about 25 gm/day
for adult women and 38 gm/day for adult men are encouraged for individuals with
diabetes.10

Data from the Nurses' Health Study examining whole grains and their components
(cereal fiber, bran, and germ) in relation to all-cause and CVD-specific mortality
among women with type 2 diabetes suggest a potential benefit of whole-grain intake
in reducing mortality and CVD. As with the general population, individuals with
10
diabetes should consume at least half of all grains as whole grains.
The European Prospective Investigation into Cancer and Nutrition (EPIC)-InterAct
Study and a meta-analysis of prospective studies suggest that the intake of dietary
16
fiber is inversely related to the risk of type 2 diabetes.
10

Fructose

Important features are cited in Table 1.
Proteins
Key features are cited in Table 1.For people with diabetes and no evidence of
diabetic kidney disease, the evidence is inconclusive about recommending an ideal
amount of protein for optimizing glycemic control or for improving one or more CVD
risk measures. Therefore, these goals should be individualized. For people with
diabetes and diabetic kidney disease (with albuminuria), reducing the amount of
dietary protein below usual intake is not recommended because it does not alter
glycemic measures, cardiovascular risk measures, or the course of glomerular
filtration rate decline. Severe dietary protein restriction does not seem to delay the
progression of renal disease in patients with overt diabetic nephropathy, whereas it
10,15,17
appears to induce malnutrition.
Total Fat
Important features are cited in Table 1. Limited research exists concerning the ideal
amount of fat for individuals with diabetes. The Institute of Medicine has defined an
acceptable macronutrient distribution range for all adults for total fat of 20-35% of
energy with no tolerable upper intake level defined. The type of fatty acids consumed
is more important than total amount of fat when looking at metabolic goals and risk of
CVD. Multiple randomized controlled trials in patients with type 2 diabetes have
reported improved glycemic control and/or blood lipids when a Mediterranean-style
eating pattern, rich in monounsaturated fatty acid, was consumed. A systematic
review concluded that supplementation with omega-3 fatty acids did not improve
glycemic control but that higher dose supplementation decreased triglycerides in
individuals with type 2 diabetes. Randomized controlled trials also do not support
recommending omega-3 supplements for primary or secondary prevention of
CVD.15
Trans fatty acids may be unsaturated, but they are structurally different and have
negative health effects and thus should be avoided. Individuals with diabetes should
be encouraged to moderate their fat intakes to be consistent with their goals to lose
10
or maintain weight.

Monounsaturated Fatty Acids
Important features are cited in Table 1. Evidence from large prospective cohort
studies, clinical trials, and a systematic review of RCTs indicate that high-MUFA
diets are associated with improved glycemic control and improved CVD risk or risk
factors. The intake of MUFA-rich foods as a component of the Mediterranean-style
eating pattern has been studied extensively over the last decade. Six published
RCTs that included individuals with type 2 diabetes reported improved glycemic
control and/or blood lipids when MUFA was substituted for carbohydrate and/or
saturated fats. However, some of the studies also included caloric restriction, which
may have contributed to improvements in glycemic control or blood lipids.10
In 2011, the Evidence Analysis Library (EAL) of the Academy of Nutrition and
Dietetics found strong evidence that dietary MUFAs are associated with
improvements in blood lipids based on 13 studies including participants with and
without diabetes. According to the EAL, 5% energy replacement of saturated fatty
acid (SFA) with MUFA improves insulin responsiveness in insulin-resistant and type
2 diabetic subjects.10
Saturated Fat, Dietary Cholesterol, and Trans Fat
Key features are cited in Table 1. Recommendations include reducing saturated fat
(SFAs) to <10% of calories, aiming for <300 mg dietary cholesterol/day, and limiting
10
trans-fat as much as possible.
Sodium
Important features are cited in Table 1. A Cochrane review of RCTs found that
decreasing sodium intake reduces blood pressure in those with diabetes. Likewise,
a small study in people with type 2 diabetes showed that following the DASH diet and
reducing sodium intake to about 2,300mg led to improvements in blood pressure
and other measures on cardiovascular risk factors.10
Incrementally lower sodium intakes (i.e., to 1,500 mg/day) show more beneficial
effects on blood pressure; however, some studies in people with type 1 and type 2
diabetes measuring urine sodium excretion have shown increased mortality
associated with the lowest sodium intakes, therefore warranting caution for
universal sodium restriction to 1,500 mg in this population.10
15

Medical nutrition therapy in the hospital

The goals of medical nutrition therapy are to optimize glycemic control, provide
adequate calories to meet metabolic demands, and create a discharge plan for
follow-up care. The American Diabetes Association (ADA) does not endorse any
single meal plan or specified percentages of macronutrients, and the term “ADA
diet” should no longer be used. Current nutrition recommendations advise
individualization based on treatment goals, physiological parameters, and
medication use. Consistent carbohydrate meal plans are preferred by many

hospitals as they facilitate matching the prandial insulin dose to the amount of
15
carbohydrate consumed.
Clinical priorities for nutrition management for all people with diabetes10
A summary of clinical priorities for nutrition management for all people with diabetes
is depicted in Table 3 3.
Nutrition therapy goals should be developed collaboratively with the individual with
diabetes and be based on an assessment of the individual's current eating patterns,
preferences, and metabolic goals. Once a thorough assessment is completed, the
healthcare professional's role is to facilitate behavior change and achievement of
metabolic goals while meeting the patient's preferences, which may include allowing
the patient to continue following his/her current eating pattern. If the individual would
like to try a different eating pattern, this should also be supported by the health care
team. Various behavior change theories and strategies can be used to tailor nutrition
interventions to help the client achieve specific health and quality-of-life outcomes.
Multiple meal planning approaches and eating patterns can be effective for
achieving metabolic goals. Examples include carbohydrate counting, healthful food
choices/simplified meal plans (i.e., the Plate Method),individualized meal planning
methods based on percentages of macronutrients, exchange list for meal planning,
glycemic index, and eating patterns including Mediterranean style, DASH,
vegetarian or vegan, low carbohydrate, and low fat. The meal planning approach or
eating pattern should be selected based on the individual's personal and cultural
preferences; literacy and numeracy; and readiness, willingness, and ability to
change. This may need to be adjusted over time based on changes in life
circumstances, preferences, and disease course.
Non-nutritive Sweeteners and Hypocaloric Sweeteners

10

Use of non nutritive sweeteners (NNSs) has the potential to reduce overall calorie
and carbohydrate intake if substituted for caloric sweeteners without compensation
by intake of additional calories from other food sources. The U.S. Food and Drug
Administration has reviewed several types of hypocaloric sweeteners (e.g., NNSs
and sugar alcohols) for safety and approved them for consumption by the general
public, including people with diabetes. Acesulfame potassium, aspartame,
sucralose, neotame and saccharine are approved by the FDA. All FDA- approved
non nutritive sweeteners, when consumed within the established daily intake levels
10
can be used by persons with diabetes.
Research supports that NNSs do not produce a glycemic effect; however, foods
containing NNSs may affect glycemia based on other ingredients in the product. An
American Heart Association and ADA scientific statement on NNS consumption
concludes that there is not enough evidence to determine whether NNS use actually
leads to reduction in body weight or reduction in cardio metabolic risk factors. These
conclusions are consistent with a systematic review of hypocaloric sweeteners

(including sugar alcohols) that found little evidence that the use of NNSs lead to
reductions in body weight. If NNSs are used to replace caloric sweeteners, without
caloric compensation, then NNSs may be useful in reducing caloric and
carbohydrate intake, although further research is needed to confirm these results.
However, recent systematic review, including meta-analyses indicates that use of
low-energy sweetener (LES) in place of sugar, leads to reduced energy intake and
body weight.10,18
Meal Planning In Diabetes

19

Meal planning or judicious selection of food items as regards the type of foodstuff
and the quantities is an essential and primary step in the management of diabetes
and by itself, along with prudent exercise, is sufficient to control blood glucose in
many of those who have pre diabetes and mild type 2 diabetes. Those who require
insulin or oral pills to control blood glucose should never neglect meal planning, just
because they are on blood glucose lowering medicines.
I have purposely avoided the term "diet", because it carries different meanings to
different people and is usually interpreted as restriction in quantity of foodstuff
across the board. It has negative, restrictive or unfriendly connotation. In fact people
with diabetes and normal body weight need not reduce the calories consumed in 24
hours. What they need to do is to take-small frequent meals, to avoid foodstuff
containing refined sugar and reduce fatty food and red meat and to consume
sufficient quantities of rough cereals and vegetables to provide for adequate fiber
and feeling of satisfaction from eating adequate food.
If a diabetic patient understands the basic principles of sensible eating, he can
consume food which is very near to his family's daily food and which does not require
any special or separate preparation.
All of us, including those having diabetes, require consuming well-balanced food for
promotion of growth in our formative years as well as for maintenance of our body
functions and repair of wear and tear of our tissues. While charting daily meal plan
the objectives should be: 1] to provide the required calories to create energy and to
attain and maintain ideal body weight. 2] To plan a well-balanced menu containing
proteins, carbohydrates, fats, vitamins, minerals and fiber in optimum quantities.
Overweight people should purposely consume fewer calories than their daily
requirement, so that extra deposits of visceral and subcutaneous fat are mobilized to
bridge the gap between the required energy and that provided by the foodstuff. In
this way the patient is able to shed extra weight and this helps in improving insulin
sensitivity of his tissues. In other words, insulin resistance is corrected. In this way
tissues get "extra mileage" out of insulin, externally administered as well as
endogenous insulin. About 90% of type 2 diabetic patients and 24% of adult non
diabetic population have Insulin Resistance.
What is a balanced food?
Well-balanced food contains all the constituents of food in ideal proportion. Now let

us gather some basic information on various food constituents.
Carbohydrates
Carbohydrates should provide the main source of energy. Usually, 60-65% of Indian
patients with diabetes derive energy from carbohydrates, mainly complex
carbohydrates, while simple sugar or items containing it should be avoided or very
sparingly consumed.
Cereals and cereal based foods supply complex carbohydrates, while sugar, honey,
jams etc. provide simple carbohydrates.
Cereal based foodstuff such as chapatti, roti, rice, bajara roti, etc. form the bulk of
the food in our country and is ideally suited for diabetic patients. Complex
carbohydrates in these foodstuffs are slowly digested and converted in to glucose in
a gradual manner and hence their consumption is not associated with quick and
sharp rise in blood glucose level. However simple carbohydrates such as table
sugar [sucrose], honey etc. are rapidly converted in to glucose.
Proteins
Proteins are essential for growth as well as for repair of wear and tear. Milk and milk
products, egg white, meat, fish, and dals are rich sources of proteins. About 15-20%
of daily calories should come from proteins. Diabetics should consume 0.8 gm to 1
gm of proteins per kg of their ideal body weight, depending upon their renal status.
Fats
Fats are important constituents of cell membrane and are storage centers for
energy. Fats should provide 20% of daily energy requirement. Fats consist of fatty
acids and glycerides. Depending upon the type of fatty acid it contains, fat is
classified in to following types:
Saturated fat
Animal fat, including fat in milk and milk products and vanaspati are rich in saturated
fat. Animal fats are also rich in cholesterol. Among the oils, coconut oil is a rich
source of saturated fats. Excessive consumption of saturated fats leads to rise in
serum cholesterol level, which accelerates atherosclerosis. However animal fats are
also a source of vital omega 3 fatty acids and thus should be consumed in
moderation. One third of the energy from fat should be derived from saturated fats.
Thus, a small amount of ghee, half to one teaspoonful per day is recommended
particularly for vegetarians.
Monounsaturated fats
Ground nut oil, mustard oil, and palm oil provide mono unsaturated fats. One third of
the energy derived from fat should come from mono unsaturated fat.
Polyunsaturated fats
Safflower oil, sunflower oil, corn oil, soybean oil, cottonseed oil etc. are some of the

rich sources of polyunsaturated fats. Remaining one third of the energy provided by
fats should be derived from polyunsaturated fats.
Essential fatty acids
These are vital fatty acids, which cannot be made by the body, hence should be
derived from food. Omega 6 (w6) and Omega 3 (w3) fatty acids belong to this class.
Each source of fatty food has different w6 and w3 fatty acids in different proportions.
The ideal w6/w3 ratio should be 4:1. It should be noted that certain oils rich in
polyunsaturated fats, such as sunflower oil and safflower oil are very aggressively
marketed as safe oils because their consumption does not lead to rise in serum
cholesterol. The advertisements even make an indirect claim that one can consume
large quantities of these oils. However these oils contain very unhealthy w6\w3 ratio
thus should never be used as sole source of cooking medium. Moreover all oils
provide same calories, 9 per gram. Thus excessive consumption of poly unsaturated
oils is unhealthy.
In order to provide a better w6/w3 ratio one should not solely depend upon
polyunsaturated oils but use a judicious mixture of these oils with mustard oil,
coconut oil, and ghee. However ghee and coconut oil are rich in saturated fats thus
should not be used as sole cooking medium. Fish oil is very rich source of w3 fatty
acids and it has been amply demonstrated that in countries where fish is a staple
food, incidence of coronary heart disease is low. Thus fish consumption is
encouraged. Those who are vegetarians may consume 1 to 3 capsules of fish oil
daily. However it has not yet been proved that capsulated fish oil is as good as
consumption of natural fish. The normal weight diabetic should consume four
teaspoonful of cooking oil daily (0.5 litter per month). Besides, he should consume
half to one teaspoonful of ghee. Over weight diabetics should consume less.
Other constituents of food
Fiber
Fiber is provided by indigestible plant cell components in our food. There are two
types of fiber,
•

Water insoluble fiber: Whole-wheat, whole grains, wheat bran, corn bran,
brown rice, whole pulses, nuts, seeds, grapes, fruit and root vegetable
skin are rich sources of water insoluble fiber. One should not peel off the
skin of fruits before eating.

•

Water soluble fiber; It has a property of holding or adsorbing water and
getting swollen. Oatmeal, lentils, apples, oranges, pears, beans, flax
seeds etc. are rich in water-soluble fiber.

Traditional Indian vegetarian food rich in vegetables and cereals provide adequate
fiber. One can provide adequate fiber rich, natural food to entire family at the same
cost. [Provided of course the family has a reasonable size] Fiber rich food provide

following advantages;
•

Digestion of carbohydrates to glucose and its absorption is delayed, thus
a sharp post-meal rise in blood glucose is avoided.

•

High fiber intake helps to reduce serum cholesterol and triglycerides.

•

Due to bulk formation after water holding in the fiber, one gets a feeling of
fullness in abdomen thus limiting food intake.

•

By preventing chronic constipation, risk for cancer of large intestine is
reduced.

Water
Water is an important constituent of food and is absolutely essential for survival.
Sufficient amount of water is required for maintenance of blood volume and
digestion of food:
Vitamins and minerals
Persons with diabetes require vitamins and minerals in adequate quantities just as a
normal person needs them. There is no difference in daily requirement.
Now let us plan daily menu in a stepwise manner
Step I: Calculate desirable body weight
Take height in centimeters and subtract 100 or 109 in men and women respectively.
For example, if height is 170 centimeter, ideal body weight should be around
70 kg for men and 61 kg for women. The above mentioned simple mathematical
formula gives a rough idea about ideal body weight. If one wants to be more specific,
he should calculate patient's Body Mass Index (BMI) by using following formula.
BMI = weight in kg/ (height in meters)2
The normal range is 18-23 for men and 19-25 for women. One should keep his BMI
in normal range. If it is high, he needs to shed weight.
Step II: calculate the calorie requirement.
Refer to Table 4 to decide about the calories required.

Growing children and pregnant and lactating women require extra calories.
•

Physical activities carried out by following groups are classified as
sedentary activity: Teacher, doctor, nurse, tailor, peon, housewife, and
retired people.

•

Physical activities carried out by following groups are classified as
moderate activity: Fisherman, agricultural labor, electrician, carpenter,
welder, turner, industrial labor, automobile driver, etc.

•

Physical activities carried out by following groups are classified as heavy
activity: Stone cutter, mine worker, wood cutter, porter, etc.

Step III: Convert required calories in to a meal plan
To make a meal plan, one requires knowing the composition of foodstuffs that we eat
and the calories provided by each gram of protein, carbohydrate, and fat, and also
have some information on food exchange system.
Cereals [rice, wheat etc.] are rich in carbohydrates, which form about 70% of their
weight, but poor in proteins, while pulses [various dals] are comparatively richer in
proteins.
Vegetables are a good source of carbohydrates, fiber, vitamins, and micronutrients
but are a poor source of proteins. All these foodstuffs provide a small quantity of fat,
which is known as "invisible fat". Meat and fish are rich in proteins while former;
particularly red meat is also rich in fat. Meat and fish do not provide carbohydrates.
Milk provides all the three proximate principles with quantity of fat varying depending
upon the animal source and also whether it is processed to make it "low fat" milk.
Cow's milk contains less fat as compared to buffalo's milk. Each gram of protein and
carbohydrate provides 4 calories while each gram of fat provides 9 calories.
THE FOOD EXCHANGE:
A person with diabetes can and should make frequent changes in his menu, so that
the monotony of eating same food is broken and he can actually enjoy his meals.
While making changes, he should know that the total calories consumed in a day
and the proportions of calories provided by proteins, carbohydrates, and fats should
remain same. In other words, he must know the various alternatives he can consume
in place of each food item on his menu. For example, if one does not want to
consume a cup of cow's milk at breakfast, what are the various alternatives, which he
can consume instead of milk? This information is provided by a list of food
exchanges, which is given below.
Cereal exchange:
Each exchange provides:

Approximately 10 gm
Approximately 3 gm (variable)
Approximately 70 Kcal

Mutton with Gravy

Approx. 30 gm

Chicken with Gravy

Approx. 50 gm

Fish curry

70 gm

Egg

50 gm (1 unit)

Approx. 200 ml
100-120 ml
330-350 ml
30 gm (3 table spoons)
750 ml
30 gm
150 ml

10 gm
40 Kcal

Vegetables A group
All leafy and green vegetables except those mentioned in group B. They provide
negligible calories.
Vegetables B group
100 gm = 1 exchange = 1 katori provides:

Examples: Carrot, Beetroot, Green mango, Beans, Green peas, Onion, Lotus
stem(may delete?).
Roots and Tubers:
100 gm = 1 exchange = 1 katori provides

Examples: Potato, Sweat potato [Ratala], Yam [Suran], Colocasia [Arwi], tapioca
[Simla Aloo].
Note: Roots and tubers should be avoided or taken in very small quantity only.
Fat / Oil exchange:
Each exchange provides:

Examples: One teaspoonful (5 ml) of any cooking oils: e.g. safflower, Sunflower,
Soya, Mustard, Ground nut, Til, Vanaspati; or 2 teaspoonfuls of Cream.
Now refer to meal planning chart on page 27 and plan a menu.

GENERAL GUIDELINE:
Foods to be consumed in very limited quantity:
• Fried snacks like shev (sev), chivda (namkeen), farsan, papad, bhajiya
(pakoda), wafers, chips, batata wada (Aloo/Potato Pakoda), etc.
• Saturated fats like butter, ghee, cream, fatty meat (lamb, organ meat), coconut
oil, and hydrogenated oil (vanaspati), Yellow of egg, Fatty gravies, Nuts and oil
seeds such as cashew nut, pista, walnut, groundnut, etc.
• Beer, wines, whisky and other alcoholic drinks are best avoided as far as
possible. If total abstinence is not possible, intake should be limited to one peg
per day and 5 pegs per week of hard drinks or one bottle per day and 5 bottles
per week of mild beer or one small glass of wine per day. Sweet wines such as
port wine should be avoided. Calories provided by alcohol should be
accounted in the meal plan. One gm of alcohol provides 7 calories. Avoid
excess of salt as this can lead to hypertension, which as such is extremely
common in diabetic patients. Both diabetes and hypertension are independent
risk factors for coronary heart disease and when present together, the risk is
compounded. Foods high in salt are papad, pickles, chutney, baking soda
containing eatables, dried fish, processed food, preserved and canned food,
cured meat, Chinese food etc. There is no difference between rock salt and
common salt. Salt intake should not exceed 5 gm per day in diabetics who have
concomitant hypertension and/or cardiac failure.
Food items to be totally avoided:
Simple sugars such as glucose, sucrose [table sugar], dextrose, honey, jaggery,
jam, jelly, syrups, marmalade, cakes, pastries, pies, puddings, ice cream, sweet
biscuits, sweetmeat, chocolates, condensed milk, fruit juices, aerated soft drinks
such as coca cola, limca, thums up, Pepsi, gold spot, tinned juices, sweet pickles etc.
Food items allowed in unlimited quantities:
Condiments and spices, lime water (without sugar), tea and coffee (without sugar
and using milk from the milk quota), thin butter milk, raw and green vegetables etc.
SOME TOOLS USED IN MEAL PLANNING
Glycemic Index (GI)
Glycemic Index (GI) is a meal planning tool which ranks carbohydrate containing
foods as per their potential to raise blood glucose compared to equivalent amount of
glucose. Pure glucose has the highest GI of 100. In order to calculate GI of a given
carbohydrate containing food, rise in blood glucose at two hours following ingestion
of 50 gm of food under the test is compared with the rise in blood glucose following
ingestion of 50 gm. of pure glucose. More than 600 food items have been assigned
GI. In general, carbohydrate foods that breakdown quickly have high GI while the

foods which are slowly broken down and digested over a time, have low GI. Thus, a
flaked breakfast cereal or nan made from maida has higher GI than whole wheat
flour chapatti. GI also depends on the amount of viscous fiber contained in a given
food stuff, more the amount of fiber, lower is the GI. Thus beans have low GI as
compared to potato. Other factors include amount of fat present in a ready to eat
dish. French fries have a lower GI as compared to mashed potato because of its fat
content. However, even though based on GI, it is a better choice than mashed
potato; higher fat content nullifies the advantage. There are many variables including
the degree of ripeness in case of fruits, method of cooking, amount of water and
other liquids consumed during the meal, amount of fat eaten along with a
carbohydrate containing dish etc., on which GI depends. As per GI, foods have been
classified as having high GI [mashed potato, ripe banana, honey, maida based
preparations], medium GI [French fries, rice, chapatti], or low GI (chana dal, brown
rice, chapattis with gram flour). Thus while meal planning, one should select food
items with low glycemic index to minimize post prandial blood glucose rise. Glycemic
index of some common food is depicted in Table 5.

Orange

Note:Fatty food has a lower GI as compared to food containing lower fat content. (e.g. Potato chips
vs. mashed potato], thus do not depend on GI as the sole factor for deciding about food choices. It
helps you to select an item from the same food category. (e.g. chana dal based items over udad dal
based items, orange over banana, upma over corn flakes etc.)

The Glycemic Index of Chikku, Guava and Jack fruit are higher than the other fruits,
Banana, Papaya, Watermelon, Orange, Mango, Apple and Pineapple
(E-International Scientific Research Journal 2011; 3 (1),:11:18)
Carbohydrate counting and carbohydrate -insulin ratio:
Carbohydrate counting (CC) is another tool for meal planning. It is used more
commonly in USA than in other countries. Carbohydrate contents of food items to be
consumed during the major meals and snacks are found out from the carbohydrate
counting charts and tables and accordingly the dosage of pre meal insulin is
decided. e.g. if you are planning to have 3 chapattis each weighing 20 grams, you will
consume 35 grams of carbohydrates. In addition, if you are planning to go for 1 katori
mung dal and 2 katories of green leafy vegetables, you will additionally consume 45
grams of carbohydrates and thus your total carbohydrate consumption during the
meal would be 80 grams. If you are on insulin, you can work up your insulin dose by
using this information. On an average one requires around 1 unit of insulin for 15
grams of carbohydrates, thus your pre meal insulin dose would be 5 units. If you are
planning to eat a bit more or less, or consume a different food item during your next
meal, you can refer to the CC tables, calculate carbohydrates you are planning
to consume and adjust your insulin dose accordingly. Thus carbohydrate counting
method offers some flexibility as regards consumption of the type and quantity
of food.
Please note that carbohydrate to insulin ratio is not fixed but varies from person to
person depending upon his sensitivity to insulin. Some will require 1 unit of insulin for
each 10 gms of carbohydrates while others will require 1 unit for each 12 grams of
carbohydrates. However one can initiate insulin therapy with 1 unit per 15 grams
carbohydrates formula, monitor post meal blood glucose and then fine tune or
"titrate" insulin dosage as per the requirement.
How to count carbohydrates?
It is mandatory for ready to eat food companies to declare details about the food
content per serving size as well as units in grams such 100 grams, on the package.
The information includes amount of carbohydrates. For foods that do not have label,
you have to make approximate estimates. Keeping general serving size in mind
will help you to estimate the amount of carbohydrates in a food item you are planning
to eat.
For example following food items provide about 15 grams of carbohydrate:
1 small fresh fruit
1 large sized bread slice
1 small chapatti
One third cup of rice
1 cup of vegetable soup

Half a cup of oatmeal
Half a cup of black beans or starchy vegetables
Two third cups of curds.
The 1800 calories readymade menu which is suitable for persons 60 Kg. ideal body
weight and sedentary life is given in a Table 6 below.
Table 6: Sample menu for 1800 calories diet
Time
On getting up
Breakfast

Mid-morning snack
Lunch

Afternoon snack
Evening snack
Dinner
Bed time

Food item
1 cup tea/coffee (milk-50 ml)
2 pieces of any of the following: phulkas/bread
slices/medium size idli.
1 cup cow's milk/ 1 egg.
1 tsp ghee/1 tsp oil/ 1& 1/2 tsp butter.
3-5 biscuits(protein containing) /2 cream cracker
biscuits/1 idli/1 fistful murmura
3 phulkas/2 thick roties/2 phulkas + 1 katori rice.
1& 1/2 katori dal.
1 katori curds/1 glass butter milk.
1 to 2 katories green vegetables.
1 katori vegetables from group B.
Cooking oil: 1 tsp.
1 cup tea/coffee.
3-5 biscuits(protein containing) /2 slices bread
1 orange/sweet lime/apple.
Same as lunch
1 cup milk.
2 Marie or Cream cracker biscuits.

Note: Non vegetarians can consume 60 gm fish/50 gm chicken instead of curds/butter milk. tsp =
Teaspoonful

Those who would like to plan their own menu and keep it flexible should refer to table
4 on page 18 and calculate calories required. Subsequently they should refer to
meal planning chart (Table 7) on page 27 and also to food exchange lists to formulate
their own menu.

Table 7: Meal

planning chart

Calories

1200

1600

1800

2000

2200

2400

Bed tea/ coffee

1cup

1cup

1cup

1cup

1cup

1cup

Breakfast
Cereal exchange

2

2

3

3

3

4

Milk exchange

1

1

1

1

1

1

Fat exchange

1/2

1

1

1

1

1

Cereal exchange

1

1

1

1

1

1

Milk exchange

-

-

-

-

1

1

Mid-morning snack

Lunch
Cereal exchange

2

2.5

3

4

4

5

Pulse exchange

1

1

1.5

1.5

1.5

1.5

Curd

50 ml

100 ml

100 ml

100 ml

100 ml

100 ml

unlimited

unlimited

unlimited

unlimited

Unlimited

A Gr.
Vegetables exchange unlimited
B Gr.
Vegetables exchange 1

1

1

1

1

1

Fat exchange

0.5

1

1

1

1

1

Tea/coffee

1 cup

1 cup

1 cup

1 cup

1 cup

1 cup

Cereal exchange
containing

1

2

2

2

2

2

Fat exchange

1/2

1

1

1

1

1

Afternoon snack

Evening snack
Fruit exchange

1

1

1

1

1

1

Milk exchange

-

-

-

-

1

1

Dinner

Same as lunch Same as lunch Same as lunch Same as lunch Same as lunch Same as lunch

Bedtime
Milk exchange

1

1

1

1

1

1

Notes:
• 1 egg can be exchanged for 1 milk exchange. • 3-5 small protein biscuits can be exchanged for 1 cereal exchange.
• Half cereal exchange can be exchanged with 1 fruit exchange at evening and at bed time.

NUTRITIONAL MANAGEMENT OF DIABETES ASSOCIATED CONDITIONS
(CARDIOVASCULAR DISEASE, OVERWEIGHT AND OBESITY)
Nutritional management of cardiovascular disease in relation to key
ingredients
Low fat intake (30% energy) in CVD
The Institute of Medicine recommends consuming no more than 35% of calories
from fat.20
The American Heart Association supports the recommendations of the Institute of
Medicine and the National Cholesterol Education Program for total fat. A range of

25% to 35% for total fat is an appropriate level of intake in a healthy dietary pattern.21
Vitamin B6, folic acid and vitamin B12
Patients suffering from atherosclerosis and having deficiencies of any of three
vitamins (folic acid, vitamin B12, and vitamin B6) and/or an elevation of serum
homocysteine may have to take supplementation to prevent deteriorating of their
22
condition.
Nutritional management of overweight and obesity23
Treatment of obesity is a complex issue due to the complex nature of obesity
(interaction between genetic and environmental factors). Over the last two decades,
numerous strategies, both non-pharmacological and pharmacological, have been
developed in order to achieve long-term weight reduction and improve risks
associated with obesity.
Goals of non-pharmacological approaches:
1) Change eating behavior, by reducing caloric intake in general and reducing
intake of fat and simple sugars specifically;
2) Increase energy expenditure, mostly by increasing physical activity.
Goals of pharmacological approaches:
1) Change eating behavior, by reducing appetite and enhancing satiety;
2) Increase energy expenditure, mostly by increasing thermogenesis.
Alternative nutrition therapies
With an alarming rise in the prevalence of obesity and metabolic syndrome; the use
of alternative nutrition therapies, such as dietary supplements, to promote weight
loss has been increasing e.g. meal-replacement formulation/snack-replacement
formulation/healthy snacks in between meals formulation fortified with bioactive
food ingredients [high protein (including casein protein in individuals with normal
renal function), dietary fiber (Fructooligosaccharides)] etc.
Energy-reduced diets
There are two dietary options in relation to energy-reduced diets or weight-loss
24
regimens like very low-calorie diet and low-calorie diet.
Low-calorie diet
Low-calorie diet (LCD) supplies >800 kcal/day; usually in the range of 1200-1600
kcal/day. Strategies in relation to LCD consist of three categories: a traditional
reduced calorie diet plan that utilizes a food regimen, a meal plan of pre-packaged
foods and snacks that are vitamin/mineral fortified, and a partial meal-replacement
(PMR) plan that prescribes one or two portioned-controlled, vitamin/mineral fortified
meal-replacements along with traditional reduced calorie meal(s) and snacks with

least one daily meal consisting of regular foods. The aim of LCD strategies is usually
to lower caloric intake by 500-1000 kcal/day and is administered in association with
behavior modification. LCD is recommended for overweight and obese individuals.24
Snack-replacement/healthy snacks therapy
The purpose of the meal/snack replacement therapy is usually weight loss.
Meal/snack replacements are available in powder, shakes, bars, cookies/Diskettes.
Meal/snack replacements are quick and convenient way to get high quality protein,
carbohydrate and other nutrients. Meal/snack replacement diet plan is a safe and
effective approach for achieving significant sustainable weight loss and improving a
number of health-related parameters and metabolic profile in overweight, obese
individuals and in obese cases associated with type 2 diabetes and polycystic ovary
syndrome. Studies indicate that meal/Snack replacement is more effective measure
for reducing body weight and weight loss maintenance compared to that of dieting
24-34
alone.

NUTRITIONAL SUPPLEMENTS IN DIABETES
Why diabetics need a nutritional supplement?
For correcting nutrient deficiencies due to:
Malnutrition is prevalent in diabetic patients due to lower intake of food as result of
dietary restriction and unbalanced diet. Type 2 diabetes usually occurs in the context
of obesity and associated insulin resistance. Current treatment recommendations
are based on lifestyle modifications and incremental drug therapy. However, with
this approach diabetes may be compounded by malnutrition.36,37
Micronutrient malnutrition in adulthood may increase the risk and severity of
diabetes, and CVD. Deficiencies of specific vitamins and minerals that play
important roles in glucose metabolism and insulin signaling pathways may
contribute to the development of diabetes. Drug induced malabsorption e.g.
Vitamin B12 deficiency due to metformin (antidiabetic drug) that might result in a
3,38-40
peripheral neuropathy.
To benefit from nutritional supplementation in diabetics
Protein improves the action of insulin. Dietary fiber offers benefits like improving
glucose level etc. Antioxidants are needed to reduce oxidative stress. Vitamins and
minerals are micronutrients that our body requires in small quantities for specific
function. They most commonly function as essential co enzyme and co factor for
metabolic reaction and thus help to support basic cellular reactions. Micronutrients
have been investigated as potential preventive and treatment agents for both type 1
and type 2 diabetes and for common complication of diabetes.37,40

ROLE OF PROTEIN IN THE MANAGEMENT DIABETES AND ASSOCIATED
CONDITIONS (CARDIOVASCULAR DISORDERS AND OVERWEIGHT &
OBESITY)
Protein-rich dairy products have consistently been shown in epidemiologic studies
to be beneficial for reducing the risk of developing type 2 diabetes. The clinical
evidence regarding both dairy foods and dairy proteins (i.e., casein) have shown
promise for improving insulin secretion in individuals with type 2 diabetes.41
High-casein and low-fat weight maintenance diet is more effective for weight control
than low-fat, high-carbohydrate diet and does not adversely affect metabolic and
cardiovascular risk factors in weight-reduced moderately obese subjects without
metabolic or cardiovascular complications.42
In young obese women with pre-hypertension and hypertension, milk protein
supplementation (including casein supplementation) with combined exercise
training (CET) reduces systolic blood pressure (SBP), wave reflection, arterial
stiffness (brachial-ankle pulse wave velocity (baPWV), and augmentation index
adjusted for 75 beats/minute (AIx@75). Thus, milk proteins may have an antihypertensive effect by improving arterial function.43
Casein consumption leads to reduced acute appetite and lower energy intake.35,44

OXIDATIVE STRESS IN DIABETES ASSOCIATED CONDITIONS
(CARDIOVASCULAR DISORDERS AND OVERWEIGHT & OBESITY)
Patients with diabetes, cardio-vascular disorders and obesity are prone to an
oxidative stress i.e. increased formation of free oxygen radicals. Evidences indicate
that oxidative stress is increased with diabetes. Hyperglycemia may lead to
increased production of harmful reactive oxidative species (ROS) such as peroxides
or free radicals. Oxidative stress is also associated with progression of various
complications of diabetes like neuropathy, retinopathy, and vascular complications
affecting heart. Micronutrients that are useful as antioxidant appear to play important
role in these processes. Therefore deficiencies of antioxidants may lead to
development and progression of diabetic complications.38,39
In patients who are prone to atherosclerosis, oxidative stress causes endothelial
dysfunction as oxidized LDL cholesterol which gets deposited in the artery causing
narrowing of the artery. Oxidation of LDL cholesterol is brought about by oxidative
stress.45
Role of antioxidants in diabetes associated conditions (cardiovascular
disorders and overweight & obesity)
Vitamin E in diabetes mellitus
As per a study, there is a strong independent association between low vitamin E

status before follow up and an excess risk of diabetes at four years. This supports the
theory that free radical stress (Oxidative stress) has a role in the causation of noninsulin dependent diabetes mellitus.46
Vitamin C in diabetes mellitus and cardiovascular diseases
Vitamin C is an important antioxidant, capable of scavenging oxygen-derived free
radicals. Vitamin C is effective in prevention of non-enzymatic glycosylation of
proteins as vitamin C is structurally similar to glucose and therefore it can replace
glucose in many chemical reactions. Studies indicate the deficiency of vitamin C in
47
diabetic patients.
Low-density lipoprotein (LDL) particles are susceptible to oxidation. a-tocopherol
(Vitamin E) protects LDL particles from oxidative attack. Vitamin C is required for
regeneration of -tocopherol and may accordingly prevent LDL oxidation. Endothelial
dysfunction may worsen insulin resistance. Vitamin C may reduce insulin resistance
due to improved endothelial function and lowering oxidative stress. As per 20-year
follow-up study by Feskens et al., an independent inverse association was observed
between past intake of vitamin C and glucose intolerance; results suggest that
antioxidants like vitamin C may play a role in development of derangements in
47,48
glucose metabolism.
Grape seed extract in cardiovascular disease
Grape seed extract is industrial derivative from whole grape seeds. Grape seed
extract is a very potent anti-oxidant. ORAC values of the grape seed extract used in
the study approximates 14000 µmol Trolox eq/gm. Grape seed proanthocyanidin
extract is found effective in reducing blood pressure in middle-aged individuals.49,50
Role of CHROMIUM in Diabetes
Chromium is an essential nutrient involved in normal carbohydrate and lipid
metabolism. It influences glucose metabolism by potentiating the action by taking
part in insulin signal amplification mechanism. It has been noted that chromium
supplementation improves glycaemic control and lipid variables in subjects with
newly onset type-2 diabetes. Numerous case reports and small, limited studies have
documented the ability of chromium to lower fasting glucose, serum lipids and
glycosylated hemoglobin (HbA1c) levels, while some also demonstrated increases in
high-density lipoprotein (HDL) cholesterol to some extent. According to the Food
and Nutrition Board, IOM, USA the chromium requirement is 50-200 mcg per day for
13,51
adults.
Chromium is a mineral which helps in proper activity of superoxide dismutase, an
enzymatic anti-oxidant present in the body. Patients with type-2 diabetes and
metabolic syndrome often have insulin resistance, which does not allow insulin to
work properly and causes a rise in blood glucose in these patients. Chromium
supports in reducing insulin resistance that help in allowing insulin to act normally in
patients with type 2 diabetes and metabolic syndrome.52

Role of Vitamin D3 in Diabetes
Vitamin D deficiency is common in diabetics. Vitamin D helps to improve glycemic
control. Vitamin D supplementation is beneficial in prediabetes, including improved
insulin secretion, basal fasting insulin sensitivity, and postprandial peripheral insulin
53,54
resistance.

HYPERHOMOCYSTEINEMIA IN DIABETES ASSOCIATED CONDITIONS
(CARDIOVASCULAR DISORDERS AND OVERWEIGHT & OBESITY)
Homocysteine is an amino acid. In patients with diabetes, cardiovascular disorders
and obesity, the levels of homocysteine are often elevated above normal, which is
called hyperhomocysteinemia. There is a significant positive correlation between
plasma homocysteine (Hcy)and thiobarbituric acid reactive substances (TBARS)
(lipid peroxidation) in diabetic patients. Patients with hyperhomocysteinemia have
an oxidative stress as homocysteine undergoes auto-oxidation to produce free
oxygen radicals. Hence, hyperhomocysteinemia contributes to development of
diabetic neuropathy and atherosclerosis. Homocysteine in the body can get
converted to methionine or to cysteine. Conversion of homocysteine to methionine
requires the presence of two vitamins viz. Folic acid and Vitamin B12. The conversion
of homocysteine to cysteine requires Vitamin B6 i.e. Pyridoxine. In patients with
elevated homocysteine levels these three vitamins are usually administered to
correct possible deficiencies of these vitamins which help to normalize the elevated
homocysteine level. Homocysteine-lowering therapy with folic acid, vitamin B12, and
vitamin B6 significantly decreases the incidence of major adverse events after
percutaneous coronary intervention.55,56
Role of B-group vitamins and cardiovascular diseases
All patients suffering from atherosclerosis and having deficiencies of any of three
vitamins (folic acid, vitamin B12, and vitamin B6) and/or an elevation of serum
homocysteine should receive supplementation to prevent worsening of their
22
condition.
Status of B-vitamins and homocysteine in diabetic retinopathy: association
with vitamin-B12 deficiency and hyperhomocysteinemia
Plasma vitamin-B12 levels are found to be significantly lower in the diabetic and
particularly diabetic retinopathy cases. Higher homocysteine levels are significantly
associated with lower vitamin-B12 and folic acid. There is a possible association
between vitamin-B12deficiency and hyperhomocysteinemia in diabetic retinopathy.57

ROLE OF NUTRIENTS IN OVERWEIGHT AND OBESITY
Impact of dietary intake of macronutrients
It is preferable to consume high-protein, low-fat and low-carbohydrate containing
meal-replacement/Snack-replacement/healthy snacks. Impacts of different levels of
dietary intake of macronutrients are elaborated as follows:
High protein intake
An increase in dietary protein from 15% to 30% of energy at a constant carbohydrate
intake produces anorexic effect (reduced caloric intake). This effect may be
mediated by increased central nervous system leptin sensitivity and results in
25
significant weight loss.
Casein protein
Casein consumption leads to reduced acute appetite and lower energy intake.

35,44

Low carbohydrate intake
Various study reports indicate that low-carbohydrate diets lead to beneficial effects:
rapid weight loss, reduced fasting glucose, insulin and circulating triglyceride levels
and improvement of blood pressure.27
B-group vitamins
There is significantly raised plasma homocysteine, along with reduced vitamin B12
and folic acid levels among overweight and obese normotensives, compared to
normal weight normotensives. Among the hypertensives also, homocysteine is
positively correlated significantly with obesity and arterial pressure levels; and
negatively correlated with vitamin levels. Thus, a rise in BMI is associated with
58
elevated homocysteine and reduced vitamin levels among hypertensives.
Cereals (especially fortified breakfast cereals) rich diet in appears to be useful in
improving vitamin B6 status and could help in maintaining fat-free mass during
59
periods of weight loss.
Vitamin E
The effects of vitamin E on adipogenesis have recently been evaluated, atocopherol seemed to have a stimulating effect on the expression of peroxisome
proliferator-activated receptor gamma (PPARg) and lipid accumulation during
differentiation. Vitamin E supplementation in an obese rat model showed increased
synthesis of adiponectin by adipose tissue resulting in increased plasma
adiponectin.60
Vitamin C
García et al. reported that vitamin C deficiencyis associated with increased body
mass index and higher leptin concentrations in women living in rural areas.61

Fortified snack-replacement/healthy snacks formulation
In obese or overweight individuals who are on low-calorie diet (LCD), there are
higher chances of micronutrient (vitamins and minerals) deficiencies. Snackreplacement/healthy snacks fortified with micronutrient appear to be a good
62
alternative for persons who are on energy-restricted diet for weight loss.

SPECIFIC NUTRIENTS TO TAKE CARE OF DIABETES ASSOCIATED
PROBLEMS
•

Neuropathy - B group vitamins

•

Hypertension - vitamin C, vitamin D3, Magnesium, etc.

•

Hyperlipidemia - Niacinamide, omega 3 fatty acid

•

Poor wound healing - Zinc, vitamin C

•

Infections:
–

Middle-aged and elderly patients with T2DM experienced a significant
reduction of infections such as flu-like illnesses, respiratory,
gastrointestinal and urinary tract infections, and days off work in those
who took a daily multivitamin supplement compared with those who
took placebo.69

POTENTIAL ROLE OF SPECIFIC NUTRIENTS IN DIABETES, CARDIOVASCULAR DISEASES AND OVERWEIGHT & OBESITY
Table 8 summarizes potential role of specific nutrients in diabetes, cardiovascular
diseases and overweight & obesity.

CLINICAL STUDIES ON USE OF SPECIFIC NUTRIENTS IN DIABETES,
CARDIOVASCULAR DISEASES AND OVERWEIGHT & OBESITY

Study #1 - A high-protein breakfast in individuals with type 2 diabetes.
As per study conducted by Park YM et al., it can be concluded that in type 2
diabetic individuals, compared with a high-carbohydrate breakfast, the
consumption of a high-protein breakfast meal attenuates the postprandial
glucose response and does not magnify the response to the second meal.
Insulin, C-peptide, and glucose-dependent insulinotropic peptide (GIP)
concentrations demonstrate the second-meal phenomenon and most likely
aid in keeping the glucose concentrations controlled in response to the
subsequent meal. During this study, 12 type 2 diabetic men and women [age: 21-55
2
yrs.; body mass index (BMI): 30-40 kg/m ] completed two 7-day breakfast conditions
consisting of 500-kcal breakfast meals as protein (35% protein/45% carbohydrate)
or carbohydrate (15% protein/65% carbohydrate). On day 7, subjects completed an
8-hour testing day. After an overnight fast, the subjects consumed their respective
breakfast followed by a standard 500-kcal high-carbohydrate lunch meal 4 hour
later. Results were as follows: As shown in Figure 1, post-breakfast glucose and GIP
AUCs were lower after the protein (17%) vs. after the carbohydrate (23%) condition
(p<0.05). Thus, a protein-rich breakfast may reduce the consequences of
hyperglycemia in this population. Post-lunch insulin, C-peptide, and GIP AUCs were
greater after the protein condition vs. after the carbohydrate condition (second-meal
phenomenon; all, p<0.05). Overall glucose, glucagon, and glucagon-like peptide 1
(GLP-1) responses (e.g., 8 hrs.) were greater after the protein condition vs. after the
12
carbohydrate condition (all, p<0.05).
Figure 1. Glucose AUC (B responses to either a
high-protein or a high-carbohydrate breakfast
and a standardized lunch in individuals with T2D.
Subjects were studied over an 8-h study day.
Arrow indicates when meals were consumed.
Values are means 6 SEMs, n = 12. *Different
between breakfast and lunch, p<0.05;
**Different from corresponding breakfast,
p<0.05; y Different from corresponding lunch,
p<0.05. CHO, carbohydrate breakfast; PRO,
protein breakfast; T2D, type 2 diabetes.12
PRO
(Protein breakfast)

CHO
(Carbohydrate breakfast)

Study #2 - Protein co-ingestion strongly increases postprandial insulin
secretion in type 2 diabetes patients.
In a study conducted by Manders RJ et al., it was found that protein coingestion represents an effective dietary strategy to strongly increase
postprandial insulin release and reduce the postprandial rise in glucose
concentration in type 2 diabetes patients. Sixty longstanding, male, type 2
diabetes patients participated in a study in which researchers determined
postprandial plasma insulin and glucose responses after ingesting a single bolus of
carbohydrate (0.7 g/kg: CHO) with or without an intact protein (0.3 g/kg: PRO).
Results showed that protein co-ingestion strongly increased postprandial insulin
release, with the insulin response +99 ± 41 and +110 ± 10% greater in the
CHO+PRO experiment when compared with the CHO experiment. The
insulinotropic properties of protein co-ingestion were evident in nearly all patients,
with 58 out of 60 patients responding >10% when compared with the insulin
response following carbohydrate ingestion only (CHO). The concomitant plasma
63
glucose responses were 22 ± 32% lower in the CHO+PRO experiments.

Study #3 - Casein protein and combined exercise training on aortic
hemodynamics and arterial stiffness in young obese women
As per study conducted by Figueroa A et al., it can be concluded that milk
protein supplementation (including casein supplementation) with combined
exercise training (CET) reduced systolic BP (SBP), wave reflection, and
arterial stiffness in young obese women with prehypertension and
hypertension. Because CET did not affect arterial function, milk proteins may
have an antihypertensive effect by improving arterial function, as shown by
reduced augmentation index adjusted for 75 beats/minute (AIx@75) and
arterial stiffness (brachial-ankle pulse wave velocity (baPWV). During this
study, obese sedentary women (age = 30 ± 1 years; body mass index = 35.2 ± 0.9
kg/m2; systolic BP (SBP) = 129 ± 2 mm Hg) were randomized to control carbohydrate
(n = 11), and casein (n = 11) supplementation for 4 weeks. Casein supplementation
significantly (p<0.05) decreased Brachial systolic BP (approximately 5 mm Hg),
aortic SBP (approximately 6 mm Hg), augmentation index adjusted for 75
beats/minute (AIx@75) (approximately 8.1%), arterial stiffness (brachial-ankle
pulse wave velocity (baPWV)) (approximately 53 cm/s). No changes observed in the
control group.43

Study #4 - Low-fat, high-protein or high-carbohydrate diet for weight loss
maintenance and metabolic risk factors.
In a study conducted by Claessens M et al., it was found that low-fat, highcasein weight maintenance diets are more effective for weight control than

low-fat, high-carbohydrate diets and do not adversely affect metabolic and
cardiovascular risk factors in weight-reduced moderately obese subjects
without metabolic or cardiovascular complications. During weight
maintenance, subjects received maltodextrin (HC group) or protein (HP group)
[casein (HPC subgroup)]. Subjects in the HP diet group showed significantly better
weight maintenance after weight loss (2.3 kg difference, p=0.04) and fat mass
42
reduction (2.2 kg difference, p=0.02) than subjects in the HC group.

Study #5 - Casein meal replacement with energy-restricted diets for obese
As per study conducted by Anderson JW et al., it can be concluded that casein
meal replacement resulted in significant amounts of weight reduction with a
highly structured behavioral program incorporating 4 meal replacements and
vegetables and fruits. The purpose of the present study was to evaluate the
weight-loss efficacy and changes in body composition, waist circumference, blood
pressure, and levels of plasma glucose, insulin, serum lipids, C-reactive protein, and
homocysteine from consumption of either 3 casein meal replacements daily as part
of a 16-week, energy-restricted diet for obese women. Twenty one women with
2
body mass index values of 30 to 40 kg/m received intensive dietary interventions
using casein. Subjects were instructed to consume 3 meal replacements, 1
prepackaged entrée, and 5 servings of fruits or vegetables daily to achieve an
energy intake of 4.5 to 5.0 MJ/day. With the intention-to-treat analysis, weight losses
at 16 weeks were 12.5% ± 1.4% for casein. Body fat losses were 23.7% ± 2.0% for
casein.64

Study #6 - Energy intake, ghrelin, and cholecystokinin after different
carbohydrate and casein protein preloads in overweight men.
In a study conducted by Bowen J et al., it was found that acute appetite and
energy intake are reduced after consumption of casein protein compared with
glucose, which was consistent with differences in plasma ghrelin. Higher
CCK responses after proteins correlated with satiety. Dietary proteins appear
to be more satiating than carbohydrate. This was a randomized cross-over study
of four orally consumed preloads followed by blood sampling (+15, 30, 45, 60, 90,
120, 180 min), then a buffet meal. Nineteen overweight (body mass index 32.1 +/2
0.9 kg/m ) men participated. Liquid preloads (1 MJ) contained casein (55 g), or
glucose (56 g). Results were as follows: Energy intake was 10 ± 3% higher after the
glucose preload compared with casein protein preload (p<0.05), which were
predicted by ghrelin at 120 min (p<0.05). Cholecystokinin (CCK) was 71 ± 6% higher
90 min after the protein preload compared with glucose (p<0.05), which predicted
35
appetite at 180 min (p<0.05). Results are shown in Table 9.

Table 9: Ad libitum energy intake and postprandial responses after consuming preloadsa Source:35

Study #7 - Fructooligosaccharides (FOS) enriched cookie on satiety
As per study conducted by de Luis DA et al., it can be concluded that
Fructooligosaccharides (FOS) enriched cookie produced greater satiety
score than a control cookie. 38 patients were randomized: group I (FOS enriched
satiety cookie, n=19) and group II (control cookie, n=19) in this study. Previous
and after 1 month, the subjects rated their feelings of satiety/hunger with a test meal
of 5 cookies. In satiety cookie group, satiety scores (20 min and 40 min after test
meal) were higher than control group. Results are shown in Table 10.14
Table 10: Satiety/hunger using a scoring system graded from minus 10, to represent extreme
hunger, to plus 10, to represent extreme satiety12

Study #8 - Intake of dietary fiber is inversely related to the risk of type 2
diabetes.
The European Prospective Investigation into Cancer and Nutrition (EPIC)InterAct Study and a meta-analysis of prospective studies suggest that the
intake of dietary fiber is inversely related to the risk of type 2 diabetes. The
results of the EPIC-InterAct Study suggest that the association may be partially
explained by body weight. During 10.8 years of follow-up, 11,559 participants with

type 2 diabetes were identified and a subcohort of 15,258 participants was selected
for the case-cohort study. Country-specific HRs were estimated using Prenticeweighted Cox proportional hazards models and were pooled using a random effects
meta-analysis. Eighteen other cohort studies were identified for the meta-analysis.
In the EPIC-InterAct Study, dietary fiber intake was associated with a lower risk of
diabetes (HRQ4 vs Q1 0.82; 95% CI 0.69, 0.97) after adjustment for lifestyle and
dietary factors. Similar inverse associations were observed for the intake of cereal
fiber and vegetable fiber, but not fruit fiber. The associations were attenuated and no
longer statistically significant after adjustment for BMI. In the meta-analysis (19
cohorts), the summary RRs per 10 gm/day increase in intake were 0.91 (95% CI
0.87, 0.96) for total fiber, 0.75 (95% CI 0.65, 0.86) for cereal fiber, 0.95 (95% CI 0.87,
1.03) for fruit fiber and 0.93 (95% CI 0.82, 1.05) for vegetable fiber.16

Study #9 - Beneficial effect of chromium supplementation on glucose, HbA1C
and lipid variables in type-2 diabetes.
In a study conducted by Sharma S. et al., beneficial effect of chromium
supplementation was observed on glycaemic control and lipid variables in
subjects with new onset type-2 diabetes. This placebo-controlled single blind,
prospective study was carried out to investigate the effect of chromium
supplementation on blood glucose, HbA1C and lipid profile in new onset patients with
type-2 diabetes.The study group received 9 gm brewer's yeast (42 µg chromium)
daily and the other placebo group received yeast devoid of chromium for 3 months.
Fasting blood glucose level significantly reduced in the subjects consuming yeast
supplemented with chromium (197.65±6.68 to 103.68±6.64 mg/dL; p<0.001).
HbA1C values improved significantly from 9.51±0.26% to 6.86±0.28%; p<0.001
indicating better glycaemic control. In experimental group total cholesterol, TG and
LDL levels were also significantly reduced from 199.66±3.11 to 189.26±3.01 mg/dL;
p<0.02, 144.94±8.31 to 126.01±8.26; p<0.05 and 119.19±1.71 to 99.58±1.10;
13
p<0.001 respectively.

Study #10 - Effects of grape seed extract on cardiovascular parameters in
middle-aged women
As per study conducted by de Terauchi M et al., it can be concluded that grape
seed proanthocyanidin extract is effective in reducing blood pressure in
middle-aged women. In this randomized, double-blind, placebo-controlled study in
96 women aged 40 to 60 years who had at least one menopausal symptom were
enrolled. The study participants were randomized to receive grape seed extract
tablets containing either low-dose (100 mg/d) or high-dose (200 mg/d)
proanthocyanidin, or placebo, for 8 weeks. Systolic and diastolic blood pressure
decreased in the low-dose and high-dose groups after 4 weeks.49

Study #11 - Vitamin C in type 2 diabetes
In a study conducted by Afkhami-Ardekani M et al.,it was concluded that daily
consumption of 1000 mg supplementary vitamin C appeared to be beneficial
in decreasing blood glucose and lipids in patients with type 2 diabetes and
thus reducing the risk of complications. In this study, a total of 84 patients with
type 2 diabetes were included in the study. They received 1000 mg daily of vitamin C
for six weeks. There was a significant decrease in fasting blood sugar (FBS),
triglyceride (TG), low density lipoprotein (LDL), glycated haemoglobin HbA(Ic) and
serum insulin was seen in the group supplemented with 1000 mg vitamin C. Results
47
are shown in Table 11.
Table 11: Mean values of FBS, lipid profile, HbA1C and insulin before and after supplementation
with vitamin C (Data are mean ± SD).47

P*<0.05 **<0.001 compared to before treatment FBS, fasting blood sugar; TG, triglycerides;
TC, total cholesterol; LDL, HDL, low and high density lipoprotein; HbA1C, glycated haemoglobin.

Study #12 - Homocysteine lowering effect of vitamins
In study conducted by Mashavi M et al., it was found that homocysteine (Hcy)lowering therapy [(folate, vitamins B12 and B6) improved small arterial
elasticity in diabetic patients treated with high dose of metformin. Hcylowering appear to have beneficial vascular effect in metformin-treated
diabetic patients. In this double-blind, placebo-controlled study, 60 diabetic
patients treated with high dose of metformin were randomly assigned to receive
daily oral supplementation with folate (1000 mcg), vitamins B12 (400 mcg) and B6 (10
mg) (Group 1) or placebo (Group 2). As shown in Table 12, after a 4-month small
artery elasticity index (SAEI) was significantly greater in patients who received Hcylowering agents than in the placebo group: 4.3± 2.04 ml/mm Hg x 100 versus 3.2 ±
1.1 ml/mm Hg x 100, p=0.01. Hcy level decreased significantly in the treatment
group from 10.0 ± 4.4 to 7.6 ± 2.5 micromol/l, p=0.002 and did not change in placebo
65
group (p=0.9).

Table 12: Effect of homocysteine (Hcy)-lowering therapy on small arterial elasticity and Hcy
levels.64
Variable

Group 1

Group 2

‘p’ value

SAEI (ml/mm Hg x 100)

4.3 ± 2.04

3.2 ± 1.1

p =0.01

Hcy level (micromol/l)

10.0 ± 4.4 to 7.6 ± 2.5

No significant change

p =0.002

SAEI - small artery elasticity index

Study #13 - Metabolic and weight-loss effects of meal or snack replacements
In a study conducted by Ditschuneit HH et al., it was concluded that
meal/snack replacements or healthy snacks can be used for successful, longterm weight control and improvements in certain biomarkers of disease risk.
In this study, Phase 1 consisted of a 3-month, prospective, randomized, parallel
intervention study of 2 dietary interventions to reduce weight as follows: the energyrestricted diet (1241-1504 kcal/day) consisted of conventional foods (group A) or an
isoenergetic diet with 2 meals and 2 snacks (nutrition bars) replaced daily by energycontrolled, vitamin-and-mineral-supplemented prepared foods (group B). Phase 2
consisted of a 24-month, case-control, weight-maintenance study with an energyrestricted diet and 1 meal and 1 snack (nutrition bar) replaced daily for all patients. As
depicted in Table 13, total weight loss (as a percentage of initial body weight) was 5.9
± 5.0% in group A and 11.3 ± 6.8% in group B (P < 0.0001). During phase 1, mean
weight loss in group B (n = 50) was 7.1 ± 3.5 kg, with significant reductions in plasma
triglycerides, glucose, and insulin concentrations (P < 0.0001). Group A patients (n =
50) lost an average of 1.3 ± 2.2 kg with no significant improvements in these
biomarkers. During phase 2, both groups lost on average an additional 0.07% of
their initial body weight every month (P < 0.01). During the 27-month study, both
groups experienced significant reductions in systolic blood pressure and plasma
concentrations of triacylglycerol, glucose, and insulin (P < 0.01).66

Table 13: Anthropometric and biochemical measurements in obese subjects during phase 1 of treatment
with an energy-restricted diet (5.2-6.3 MJ)1

1c – ± SD. Group A: n = 41 F, 9 M; group B: n = 38 F, 12 M. Group A received the energy-restricted diet only; group B received
the energy-restricted diet with 2 meals and 2 snacks replaced by energy-controlled, nutrient-dense meal-replacement
products. SBP, systolic blood pressure; DBP, diastolic blood pressure. 2 Significantly different from baseline, P < 0.001
(paired t test). 3 Significantly different from group A, P < 0.001 (two-sample t test).66

Study #14 - Ready-to-eat products as meal replacements for weight loss.
In study conducted by Wal JS et al., it was found that a variety of ready-to-eat
cereal products (Cereal Substitution plus Nutrient Bar) could be safely and
effectively used as meal replacements in weight-loss programs. In a
randomized controlled clinical trial, 164 eligible overweight and obese adults [ages
18-65 years; body mass index >/=25 kg/m2] were randomly assigned to: Control
group (CN) or to one of two following intervention groups: 'Cereal Substitution plus
Nutrient Bar' (CB) or 'Cereal and Waffle Substitution plus Nutrient Bar' (CWB).
Compared with the CN group, the CB, and CWB groups evidenced significantly
greater reductions in weight, body mass index, waist, hip, and thigh measurements
and the CB group evidenced significantly greater reductions in percentage body
67
fat.

Study #15 - Structured meal plan is more effective than a dietary strategy with
a low calorie diet
As per a study conducted by S. Cho et al., it was concluded that structured
meal plan is slightly more effective than a dietary strategy with a 1,200 Kcal
low calorie diet, and the meal plan offers convenience and simplicity for

overweight subjects. It is concluded that the weight loss observed can
significantly contribute to the wellness of worksite employees. To achieve
wellness goals, researchers offered employees with two 12-week dietary
intervention programs (randomized, two-arm) at a worksite. 70 participants were in
the range of 23-55 years old and had a body mass index >25. They were prescribed
either a 1,200 kcal/day low calorie control diet (Group A) or an isocaloric meal plan,
which comprised of breakfast cereal, one meal replacement shake, a cereal bar as a
snack, as well as a sensible dinner (Group B). Results were as follows: mean weight
loss from baseline was 13.5 lbs. and 16.3 lbs. for Groups A and B, respectively. At 12
weeks, the results showed a systolic blood pressure reduction of 5 in Group A vs. 11
in Group B, a blood cholesterol concentration reduction of 2.6 in Group A vs. 13.0 in
Group B. Group B reported that having a structured meal plan made a weight loss
program simple and easy to follow and that the food was not only filling but also gave
68
them energy and suppressed cravings.

Study #16 - B-group of vitamins and acute myocardial infarction
Substantial nutritional deficiencies of vitamins B6, B12 and folic acid along with
mild hyperhomocysteinemia, perhaps through interplay with the classical
cardiovascular risk factors (highly prevalent in AMI), could be further
aggravating the risk of coronary artery disease patients. A case-control study
was carried out involving 224 AMI patients (age 30-70 years; 55 females and 169
males) and 126 normal healthy subjects (age 31-70 years; 35 females and 91
males). Data regarding percent folic acid, B12 and B6 deficiency in normal healthy
subjects (controls) and AMI patients are shown in Table No. 14. The correlation of
concentration of plasma homocysteine and status of vitamins B6, B12 and folic acid in
normal healthy subjects (controls) and AMI patients (mean values GSD) are shown
in Table No. 15.69
Table No. 14: Percent folic acid, B12 and B6 (PLP) deficiency in normal healthy subjects (controls)
and AMI patients.69

Table No.15: Concentration of plasma homocysteine and status of vitamins B6, B12 and folic acid
in normal healthy subjects (controls) and AMI patients (mean values GSD).69

SUMMARY AND CONCLUSIONS
Malnutrition is prevalent in diabetic patients due to lower intake of food as result of
dietary restriction and unbalanced diet.36
Micronutrient malnutrition in adulthood may increase the risk and severity of diabetes,
and CVD. Deficiencies of specific vitamins and minerals that play important roles in
glucose metabolism and insulin signaling pathways may contribute to the development
of diabetes. Drug induced malabsorption e.g. Vitamin B12 deficiency due to metformin
38-40
(antidiabetic drug) that might result in a peripheral neuropathy.
Providing medical nutrition therapy (MNT) for prevention and treatment of diabetes has
tremendous potential to reduce direct and indirect medical expenditures. Fortunately,
people with diabetes can take steps to control the disease and lower the risks of
complications and premature death.8
There is no standard meal plan or eating pattern that works universally for all people with
diabetes. In order to be effective, nutrition therapy should be individualized for each
patient based on his or her individual health goals; personal and cultural preferences;
health literacy and numeracy; access to healthful choices; and readiness, willingness,
and ability to change.10
Nutrition therapy has integral role in overall diabetes management and has historically
recommended that each person with diabetes be actively engaged in selfmanagement, education, and treatment planning with his or her health care provider,
10
which includes the collaborative development of an individualized eating plan.
High-protein consumption especially casein protein and chromium supplementation
appear to be beneficial in improving glycaemic control in type-2 diabetes with normal
renal functions. The intake of dietary fiber is inversely related to the risk of type 2
diabetes. Vitamin C and vitamin E also have potential beneficial role in type-2
diabetes.12,13,16,47
Snack-replacement formulation/healthy snacks with high protein (including casein
protein), low-carbohydrate, dietary fiber (Fructooligosaccharides) etc. seem to be
beneficial in achieving significant sustainable weight loss and improving a number of
health-related parameters and metabolic profile of overweight and obesity cases
10-13,14,16,35,42,43,47,49,63-69
associated with type 2 diabetes and with normal renal functions.
MNT/meal-replacement formulation/snack-replacement formulation fortified with
bioactive food ingredients [high protein (including casein protein), dietary fiber
(Fructooligosaccharides), vitamins B6, B12 and folic acid, grape seed extract, chromium
etc.] appears to be a safe and effective option to combat type 2 diabetes (with normal
renal functions) and associated conditions (cardiovascular diseases, overweight and
obesity).
Nutrition interventions should emphasize a variety of minimally processed nutrientdense foods in appropriate portion sizes as part of a healthful eating pattern and provide
the individual with diabetes with practical tools for day-to-day food plan and behavior
change that can be maintained over the long term.7
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