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Abstract  

Background and Objective: Type 2 Diabetes mellitus (T2DM) is a very common non-communicable disease in India with 

the number of diabetes cases increasing every year at an alarming rate. Several nutrients are important modulators of 

glucose metabolism. Glycaemic management in T2DM has become increasingly complex. To assess the management of 

T2DM in the selected subjects and to find the correlation between the nutrient intake and glycaemic control of diabetics. 

Research design: It was a cross-sectional hospital based survey, purposive sampling method was used to select 60 type 2 

diabetics (vegetarian=30, non-vegetarian=30) aged 60-70years, BMI>22.9 and without complications from a private 

hospital Coimbatore. Ethical clearance was obtained before the start of the study.  Results: Nutrient intake did not meet 

recommendations. The protein intake of vegetarian and non-vegetarian were 44.41±7.69g and 45.58±6.27g respectively, 

which were below the recommended protein intake (15% of total daily energy intake), HbA1C was high when compared 

to reference standard for glycaemic control (<6.5%).  Multiple regression statistical analysis revealed that calcium intake 

influenced HbA1c values in vegetarians, while fat intake influenced HbA1c value in non-vegetarians.  Conclusion: This 

study showed that high carbohydrate intake and low fat intake was associated with high concentrations of HbA1c in high 

calorie consuming overweight type 2 diabetic patients. 
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INTRODUCTION 

 
Many developing nations experience rapid economic and social development with concomitant shifts in lifestyle habits 

and dietary structure. These changes promote over-nutrition and positive energy balance. In Asia, traditional dietary patterns are 

being lost as the population adapts to more industrialized and urban food environments. At the same time, people have become 

vulnerable to sophisticated living environments that have made them increasingly sedentary. These changes have a significant 

impact on type 2 diabetes risks by increasing body weight and central adiposity, and decreasing physical activity [1]. 

 

The relationship between dietary carbohydrate and insulin resistance has been widely discussed [2].   Insulin resistance is 

not a simple phenotype. Different tissues may have different levels of sensitivity to insulin, and within a single tissue, certain 

insulin actions may be more or less involved in the process of insulin resistance. The amount of carbohydrate ingested is usually 

the primary determinant of postprandial response, but the type of carbohydrate also affects this response. Intrinsic variables that 

influence the effect of carbohydrate containing foods on blood glucose response include the specific type of food ingested, type of 
starch (amylose versus amylopectin), style of preparation (cooking method and time, amount of heat or moisture used), ripeness, 

and degree of processing [3]. Increased fiber intake has been associated with reduction in development of diabetes. Low GI diet 

improves in vitro insulin responsiveness of adipocytes and improves in vivo insulin sensitivity [4]. Further, low GI diet decreases 

total cholesterol, LDL-C, and plasma triacylglycerol levels and increases HDL-C levels [5].    

 

The relationships between dietary fat and insulin resistance opine that low-fat diets are beneficial in leading to weight 

loss. Fat intake is also associated with the development of diabetes, with the seven-country study showing that both saturated and 

monounsaturated fat predicts diabetes.  Overall intake of dietary SFAs is positively related to insulin resistance. Replacing SFAs 

with MUFAs or PUFAs in dietary fat may be a useful dietary intervention to prevent metabolic deterioration [6].   

 

 

MATERIALS AND METHODS 
In the present cross sectional study, convenient sampling method was used to select participants with  T2DM aged 60-70 

years, BMI>22.9 and without complications as the unit of study at the outpatient Department of Endocrinology, PSG Institute of 

Medical Sciences and Research, Coimbatore, Tamil Nadu, India was selected as area of study.  Sixty type 2 diabetics were 

selected and divided into two subgroups (vegetarian=30; non-vegetarian=30).  Each subgroup consisted of 50 percent males and 

50 percent females.  

 

Ethical clearance was obtained from the Institutional Human Ethics Committee of PSG IMS&R, Coimbatore, Tamil 

Nadu, India. A Pre-tested semi structured questionnaire was used to collect socio-demographic, anthropometric measurements, 
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clinical, and dietary survey data through interview. Socio-demographic characteristics included duration of diabetes, ethnicity, 

marital status, educational level, income, and employment status. 

 

The biochemical parameters like Fasting Blood Glucose [FBG], Postprandial Blood Glucose [PPBG], and Glycated 

Haemoglobin [HbA1c] were recorded from the recent medical reports of selected patients. Three days 24 hour food recall was 

recorded and nutrient intake was calculated using the NSI Diet Cal software. BMI of 22.9 was used to calculate Desirable Body 
Weight (DBW). Because of age, the habitual physical activity was sedentary.  Recommended daily energy intake was compared 

with Human Energy Requirements given by ICMR [7, 8].  Data was consolidated on MS excel and multiple regression was 

statistically analyzed in Statistical Package for Social Sciences (SPSS) software version 20. 

 

RESULTS AND DISCUSSION 

Optimal treatment for type 2 diabetes incorporates a multiple risk factor approach, including self-management education 

and ongoing support, medical nutrition therapy (MNT), physical activity, weight reduction if appropriate, and the use of glucose-

lowering oral agents or insulin. Careful consideration needs to be given to ameliorating associated risk factors such as 

hypertension, smoking, and dyslipidemia.  In our study we focused on the nutrient composition of the diets of adult female 

diabetics who were over-weight.   To make a distinction in their food habits, we categorized the selected subjects into vegetarians 

and non-vegetarians. 

 

1.Anthropometric Assessment 

We first give a profile of their anthropometric indices in the following Table1.  Weight and BMI are important factors in 

glycaemic control and prevention of complications as age progresses.   We had the two groups equally matched with respect to 

age and the anthropometric indices as indicated by the t values being not significant. 

 

Table 1:  Mean Age, Anthropometric Measurements of Selected Participants 

NS – Not significant 

 

The anthropometric parameters were similar in both the groups.  The BMI was above the cut-off point for Asians, 
indicating the risk/ cause of being diabetic as well as poor glycaemic control. 

 

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 [9].   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 [10]. 

 

Several research groups have begun to set lower cutoff points for BMI and abdominal obesity among Asians.  China and 

Japan define overweight as a BMI of 24 or higher and obesity a BMI of 28 or higher; in India, overweight is defined as a BMI of 

23 or higher, and obesity, a BMI of 27 or higher. And the International Diabetes Federation now includes ethnic-specific criteria 

for the increases in weight over time were more harmful in Asians than in the other ethnic groups: For every 11 pounds Asians 
gained during adulthood, they had an 84 percent increase in their risk of type 2 diabetes; Hispanics, blacks, and whites who 

gained weight also had higher diabetes risks, but again, to a much lesser degree than Asians [11, 12]. 

 

Even modest weight gain in adult life is associated with a substantial risk of developing type 2 diabetes, and moderate or 

severe weight gain in early life is a stronger risk factor for diabetes than is weight gain after age 40 y. For relevance in clinical 

practice, it might be important to measure the current BMI and to assess comprehensively the history of weight gain or weight 

loss in earlier decades of adult life to provide a more precise risk profile for the patient. After a latency period of 15–23 y, age at 

diabetes diagnosis is earlier for overweight subjects and for those with a weight gain 3–12 kg in younger adulthood than in 

normal-weight subjects and those with marginal weight changes. This finding stresses the importance of maintaining a healthy 

body weight throughout adult life [13]. 

 

2. Nutrient Intake 

Criteria 
Vegetarian 

Mean ± SD 

Non-vegetarian 

Mean ± SD 
T value S / NS 

AGE (years) 64.00±3.658 64.67±3.089 0.224 NS 

HEIGHT(cm) 156.33±5.235 156.87±7.592 0.376 NS 

WEIGHT(kg) 65.73±9.944 68.03±8.261 0.168 NS 

BMI (Kg/m
2
) 26.912±3.976 27.70347±3.504 0.208 NS 
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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.  

Both MNT and nutrition therapy should involve a nutrition assessment, nutrition diagnosis, nutrition interventions e.g., education 

and counselling), and nutrition monitoring and evaluation with ongoing follow-up to support long term lifestyle changes, evaluate 

outcomes, and modify interventions as needed [14].  Hence, in our study we assessed the daily nutrient intake of the selected 

subjects.  The following Table gives the nutrient intake of the selected subjects. 
 

Table 2: Nutrient Intake of the selected subjects compared with RDA and Diabetic Diet 

 

 

Nutrient 

 

Vegetarians 

 

Non-vegetarians 

RDA            

(ICMR, 2010) 

 

Diabetic Diet 

Energy (Kcal) 
1580.203 

±285.630 

1667.177 

±214.564 
1900 

1680 

(30Kcal/Kg IBW) 

Carbohydrates(g) 
275.883 

±55.209 

284.612 

±41.197 
275 

252 

(60% energy) 

Protein (g) 
44.413 

±7.697 

45.589 

±6.273 
63 

44.8 or 50-84 

(0.8g/Kg IBW;  12-20% energy) 

Fat (g) 
33.633 

±10.728 

38.843 

±8.836 
20 

37 - 46 

(20-25% energy) 

Fibre (g) 
4.518 

±2.522 

4.565 

±1.900 
25 

42 

(25g/1000Kcal) 

 

2. a. Energy and Carbohydrates  

Nutrient intake plays a major role in the management of T2DM.  Adherence to dietetic recommendations is crucial in the 
maintenance of fasting and post-prandial blood glucose and the prevention of complications.  We found that carbohydrate intake 

was well above the recommendations (60% of total daily energy intake) while all other nutrients viz., energy, protein and fat were 

below the recommendations.  The dietary modification referred to as the LoBAG diet (low biologically available glucose diet) has 

the potential for normalizing or nearly normalizing the blood glucose in people with mild to moderately severe type 2 diabetes.  

These results should be considered to be merely a proof of the concept and should be established in different ethnic groups with 

respect to their food behavior [15]. 

 

The abnormalities underlying T2DM are reversible by reducing dietary energy intake. A low-carbohydrate diet is an 

effective tool in the treatment of obese patients with type 2 diabetes [16]. The hypothesis was tested that both beta cell failure and 

insulin resistance can be reversed by dietary restriction of energy intake [17].   They confirmed that the normalization of both beta 

cell function and hepatic insulin sensitivity in T2DM could be achieved by dietary energy restriction alone.  The contribution of 

energy from the principal components in the two groups along with the RDA for normal population and the recommended 
diabetic diet is compared in the following figure. 

 

 
 

Figure 1: Percentage Contribution of Energy from the Principal Components in the Daily Diet 

 

A diet high in complex carbohydrate and leguminous fibre improves all aspects of diabetic control, and continued use of 

a low carbohydrate diet alone no longer appears justified [18].  A high intake of dietary fiber, particularly of the soluble type, 

above the level recommended by the ADA, improves glycaemic control, decreases hyperinsulinemia, and lowers plasma lipid 

concentrations in patients with T2DM [19]. Therefore, a wide range of carbohydrate intakes may be acceptable in terms of 

achieving a low risk of T2DM with type and source of carbohydrate being more important than quantity.   

 

Individuals eat combinations of foods, not single nutrients, and thus it is important to study diet and disease relationships 

[20].  Vegetarian and low-fat vegan studies [21] in individuals with type 2 diabetes were reviewed by several authors. Studies 
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ranged in duration from 12 to 74 weeks, and the diets did not consistently improve glycaemic control or CVD risk factors except 

when energy intake was restricted and weight was lost.  A systematic review found that there is no ideal mix that applies broadly 

and that macronutrient proportions should be individualized. On an average, it has been observed that people with diabetes eat 

about 45% of their calories from carbohydrate; 36–40% of calories from fat, and the remainder (16–18%) from protein [22]. 

However, in South Indian diets the proportion of carbohydrates is higher and that of fat only about half of the recommendations.   

 
In our study since the selected diabetics were over-weight their intakes of total energy, carbohydrate and fat were high 

and maintained a high body weight resulting in an inability to establish glycaemic control. 

 

2. b. Protein  

The greatest difference was with reference to protein intake.  The protein intake of both vegetarian and non-vegetarian 

groups was lower than the recommended protein intake of 63 grams/day (15% of total daily energy intake).  Insulin plays a 

metabolic role in building body proteins and amino acids which are building blocks of insulin. Associations between protein 

intake from different sources and type 2 diabetes (T2DM) have been inconsistent [23].  Therefore, in their results from the 

Melbourne Collaborative Cohort Study and a meta-analysis of prospective studies they conclude that higher intakes of total and 

animal protein were both associated with increased risks of T2DM, whereas higher plant protein intake tended to be associated 

with lower risk of T2DM. 

 
The evidence base to guide recommendations for dietary protein intake in relation to the prevention and management of 

diabetes is mixed. Higher protein intake may reduce risk of developing diabetes and improve metabolic control only when weight 

loss is achieved. However, an iso-caloric high protein diet and higher branched-chain amino acid intake may increase insulin 

resistance, which could adversely affect metabolic parameters. The American Diabetes Association (ADA) standards of care 

recommendations include using an individualized approach in diabetes medical nutrition therapy with regard to protein intake and 

dietary macronutrient composition [24].  

 

In our study we found the greatest deviation from recommendations in the case of protein intake.  Also we would like to 

point out that though we have data on vegetarians and non-vegetarians, the latter’s intake of protein may also be predominantly 

plant sources.  So we would like to stress on the insufficiency of dietary protein rather than the source of the protein.  Further as 

their BMI was above the normal (22.9) for Indians, we see that increasing protein intake would improve glycaemic control only 
through weight reduction.   

 

The dietary intake of protein for individuals with diabetes is similar to that of the general public and usually does not 

exceed 20% of energy intake. A number of studies in healthy individuals and in individuals with T2DM have demonstrated that 

glucose produced from ingested protein does not increase plasma glucose concentration but does produce increases in serum 

insulin responses [9, 15]. Abnormalities in protein metabolism may be caused by insulin deficiency and insulin resistance; 

however, these are usually corrected with good blood glucose control [25].  Small, short-term studies in diabetes suggest that diets 

with protein content ≥20% of total energy reduce glucose and insulin concentrations, reduce appetite, and increase satiety [26, 

27]. However, the effects of high-protein diets on long term regulation of energy intake, satiety, weight, and the ability of 

individuals to follow such diets long term have not been adequately studied. 

 

The high-protein intake during weight loss (WL) preserves lean tissue mass but eliminates the WL induced improvement 
in muscle insulin action [28]. The authors suggest that this occurs through increasing oxidative stress and modulating WL-

induced changes in cell structure and organization.   In individuals with type 2 diabetes, protein does not appear to have a 

significant effect on blood glucose level but does appear to increase insulin response [29, 15].   

 

2. c. Fat  

Evidence is inconclusive for an ideal amount of total fat intake for people with diabetes; therefore goals should be 

individualized; fat quality appears to be far more important than quantity.  Currently, insufficient data exist to determine a defined 

level of total energy intake from fat at which risk of inadequacy or prevention of chronic disease occurs, so there is no single 

adequate intake or recommended daily allowance for total fat [30].  

 

The use of coconut oil has generated discussion regarding its possible effects on health due especially to its composition, 
since SFA may contribute to atherosclerosis and consequently, for the development of cardiovascular diseases. However, 

although being composed largely of SFA, coconut oil has a significant amount of lauric acid, which may avoid the fat deposition 

in organs and blood vessels and, therefore, it is not considered as a potential atherogenic fat [31]. In addition, flavonoids and 

polyphenols present in CO may have a beneficial effect regarding the improvement of oxidative stress, involved in the etiology of 

various diseases, including type-2 diabetes mellitus [32].  

 

People with diabetes mellitus are at high risk for cardiovascular disease. They often have hyperlipidemia. Their  meal 

plan should aim for 30% or less of calories derived from fat and 10% or less saturated fats. Monounsaturated fats, like those 

found in olive oil, are best.   Men with higher intakes of saturated fat had a higher BMI, a lower level of physical activity, and 

were more likely to smoke cigarettes and less likely to have hypercholesterolemia. The cross-sectional association with 

hypercholesterolemia probably reflects changes in diet after diagnosis. Furthermore, a higher intake of saturated fat was 
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associated with lower intakes of alcohol, cereal fiber, and magnesium. Similar associations were observed for intake of oleic acid 

(the predominant monounsaturated fat in the diet), trans-fat, and total fat. Characteristics differed less according to intake of 

linoleic acid (the predominant polyunsaturated fat in the diet) and α-linolenic acid. High intakes of long-chain n-3 fatty acids were 

associated with a healthier lifestyle [33].  

 

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.  CVD is a common cause of death among individuals with 

diabetes. As a result, individuals with diabetes are encouraged to follow nutrition recommendations similar to the general 

population to manage CVD risk factors. These recommendations include reducing SFAs to <10% of calories, aiming for <300 mg 

dietary cholesterol/day, and limiting trans fat as much as possible [34]. 

 

In a cross-sectional study demonstrated an independent association between HbA1c concentration and both total fat 

intake and the pattern of dietary fat intake. They provide further support to efforts promoting modifications in the intake of dietary 

fat [35]. 

 

2. d. Fibre  
Most studies on fiber intake in people with diabetes are of short duration, have a small sample size, and evaluate the 

combination of high-fiber and low–glycaemic index foods, and in some cases weight loss, making it difficult to isolate fiber as the 

sole determinant of glycaemic improvement [36]. Data from the Nurse’s 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 

diabetes should consume at least half of all grains as whole grains [37]. 

 

Recently, investigators have also considered the possibility that factors other than fibre that are contained in cereals and 

legumes may influence the risk for chronic diseases. Some of these include micronutrients such as selenium and vitamin E, 

antioxidants, phytochemicals, isoflavins and lignans. Since many of these factors occur together in cereals it is difficult to 

determine the precise benefits of each.  Cross-sectional studies suggest that lack of dietary fibre may be a causative factor in type 
2 diabetes and have shown an inverse relationship between fibre intake and blood insulin levels; implying that fibre improves 

insulin sensitivity [38]. 

 

The common coexistence of hyperlipidemia and hypertension in people with diabetes requires monitoring of metabolic 

parameters (e.g., glucose, lipids, blood pressure, body weight, renal function) to ensure successful health outcomes. Nutrition 

therapy that includes the development of an eating pattern designed to lower glucose, blood pressure, and alter lipid profiles is 

important in the management of diabetes as well as lowering the risk of CVD, coronary heart disease, and stroke. Successful 

approaches should also include regular physical activity and behavioral interventions to help sustain improved lifestyles [39].  

 

3. Glycaemic Parameters 

The biochemical parameters showed higher mean values for vegetarians. On the whole, FBG, PPBG and HbA1c were 

high when compared to reference standard for glycaemic control (FBG ≤ 126 mg/dl; PPBG ≤ 200 mg/dl; HbA1c ≤ 6.5% 
respectively, American Diabetes Association [40]) in both the groups.    

 

Table 3:  Mean Biochemical Parameters of Selected Subjects 

        *– not significant (P ≥ 0.05) 

 

A 5-week randomized, crossover study design was used with a 5-week washout period between diets, which concluded 
that the diet containing 30% of total food energy from protein, with a corresponding decrease in carbohydrate content, resulted in 

a moderate but highly statistically significant mean decrease in glycohemoglobin (8.1–7.3%) after 5 weeks on the diet.  In that 

study, along with 30% of total energy from protein the lower carbohydrate diet not only reduced the post-meal glucose 

concentration but also considerably reduced the overnight fasting glucose concentration.  In addition, the percentage of 

 

Criteria 

Vegetarian Non-vegetarian 
 

T values* 
Mean ± SD Mean ± SD 

FBG (mg/dl) 161.57±62.921 137.83±44.425 0.1625 

PPBG(mg/dl) 256.80±96.029 221.73±82.036 0.2370 

HbA1c (%) 8.513±2.055 7.947±1.6563 0.7501 
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glycohemoglobin concentration at the end of the 5-week study period was decreased from a mean of 9.8 to 7.6%.  The study was 

designed to be 5 weeks in duration because 33 days had been reported to be the half-time for glycohemoglobin to reach a new 

steady state [26]. 

 

A multiple regression analysis was calculated predicting HbA1c based on nutrient intake of vegetarian participants.  The 

regression equation was not significant for carbohydrates, protein, fat and fibre.  We obtained an R square of 0.216, F (5,24) = 
1.324, p ≤ 0.0005, r2 =0.216.  The intake of carbohydrates, protein, fat and fibre do not predict HbA1c.  In multiple regression 

analysis for non-vegetarian participants, HbA1c, F (5,24) = 0.300, p ≤ 0.0005, r2 = 0.213. Since the independent variable variation 

in dependant variable is 21%.  In this study, the statistical analysis results revealed that calcium intake will influence HbA1c 

values in vegetarians, while fat intake will influence HbA1c value in non-vegetarians. 

 

Both low-fat vegan diet and conventional diabetic diet were associated with sustained reductions in weight and plasma 

lipid concentrations. In an analysis controlling for medication changes, a low-fat vegan diet appeared to improve glycaemia and 

plasma lipids more than did conventional diabetes diet recommendations [21]. 

 

Much of the effect of the intervention diets on glycemia appears to be mediated by weight reduction.  The principal diet 

change in the conventional diet group was a reduction in energy intake, which appears to be due to reduced portion sizes rather 

than to changes in macronutrient balance, which was close to the recommended percentages for protein, carbohydrate, and 
monounsaturated fat at baseline and changed only slightly during the study. This change in energy intake was nonetheless 

sufficient to lead to sustained weight loss 

 

CONCLUSION 

In a study on overweight subjects with relatively high serum insulin, low carbohydrate and low fat hypocaloric diets both 

made a reduction in serum glucose but the reduction was not statistically significant. However, the low carbohydrate diet led to an 

improvement in insulin sensitivity [39].   Another study showed that the substitution of fat for carbohydrate is associated with low 

concentrations of HbA1c in high calorie consuming type 2 diabetic patients [41].  Our study participants had high carbohydrate 

and low fat intakes and they were overweight, hence their HbA1c was high and not significantly associated with nutrient intakes.  

The energy intake in our study was higher than recommended values.  The beneficial effects of low carbohydrate and low fat diets 

in several studies are attributable to the calorie restriction. Such an effect was not involved in our study.  
 

Carbohydrate as the easiest to break down is the body’s preferred energy source. Carbohydrate effect in stimulating 

insulin secretion leads to increase in carbohydrate, but a decrease in fat oxidation [30].  So, it can be expressed that fat oxidation 

is determined primarily by the gap between total energy expenditure and the amount of energy ingested in the form of 

carbohydrate and protein, rather than by the amount of fat consumed [42]. Indeed, it seems that the effect of dietary macronutrient 

composition on several aspects of metabolic control may be the most important in a high calorie diet compared to low calorie or 

iso-caloric diet; because in low calorie or iso-caloric diet all of ingested and absorbed macronutrients should be oxidized to supply 

body needs. But, if the calorie intake is more than energy expenditure, more dietary fat may remain and induce weight gain, 

change cell membrane fatty acid composition and increase insulin resistance [43].   

 

In our study, the reason for no significant relationship between energy intake and HbA1c might be due to the increment 

of carbohydrate proportion of the diet following to increment in caloric intake, that high carbohydrate may attenuate the effects of 
high calorie intake on blood glucose control.  In addition, since calorie intakes of 25 and 30 kcal/kg body weight are respectively 

the cut off points of the effects of carbohydrate and total fat on HbA1c; so, the association coefficients of dietary carbohydrate or 

fat with HbA1c were significantly higher in the lower values of energy intake.  The beneficial effects of high carbohydrate diet 

may be related to high contents of dietary fiber, Fructo-oligosaccharides, resistant starch and indigestible carbohydrates that may 

increase peripheral insulin sensitivity and insulin secretion and decrease glucose release of the liver [44].  In our study fibre intake 

was very poor in both groups and hence the poor glycaemic control.  
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