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ABSTRACT

Background: Effective dietary control is fundamental to managing hyperglycaemia in Type 2
Diabetes Mellitus (T2DM), due to its strong impact of nutrition on metabolic health. Persistent
chronic hyperglycaemia (HbAlc > 6.5%) in T2DM individuals despite taking regular medication is
quite common and may be a reflection of their adopted dietary pattern and existing nutritional status.
Purpose: Assessment of diabetes-related information, anthropometric measurements, and food
intake of T2DM patients with hyperglycaemia (i.e., HbAlc > 6.5%) may help to elucidate their
dietary approaches for T2DM management and reasons for elevated blood glucose levels.
Methods: A sample size of 60 T2DM patients with uncontrolled blood sugar (HbAlc > 6.5%) was
selected by purposive sampling. Background information, diabetes-related information, anthropo-
metric information, diabetes history, food consumption pattern, and dietary intake were collected by
direct interview.

Results: The findings of the present study revealed that the mean age of participants was 51.87
+ 10.92 years with a mean HbA Ic level of 8.75%. The mean BMI and WHR were 25.25 + 4.30
kg/m? and 0.96, respectively, indicating the risk of diabesity. The average daily intake of fats
and milk products was high, while cereals, pulses, green leafy vegetables, roots and tubers, other
vegetables, and sugars were below the reference levels. Participants tended to reduce their energy
intake (1747.51 + 369.71 kcal/day). Micronutrient intake such as Ca, Fe, Zn, vitamin A, riboflavin,
and niacin was found to be approximately half of the reference values.

Conclusions: T2DM patients with uncontrolled blood glucose levels (i.e., HbAlc > 6.5%) showed
high BMI and WHR, with a staple wheat-based diet and low consumption of fruits and vegetables.
Macronutrient intake was sufficient except for fat, while micronutrient intake requires attention.

1. Introduction

despite low body mass index (BMI); low adiponectin and
high-sensitivity C-reactive protein. These, together with the

The increasing prevalence of diabetes mellitus is a global
concern, and developing countries like India require more
attention, as every fourth diabetic in the world is an Indian
(International Diabetes Federation, 2025). The increasing
pace of diabetes in India is reflected by 101 million diabetics
and 136 million prediabetics (Anjana ez al., 2023). Of all the
reported cases of diabetes, type 2 diabetes mellitus (T2DM)
accounts for approximately 90-95%, mostly attributed to the
interplay of various genetic, metabolic, environmental, and
lifestyle factors (Galicia-Garcia et al., 2020). The high risk of
T2DM among Indians is due to the Asian Indian phenotype,
characterized by unique clinical and biochemical parameters
such as high insulin resistance; greater abdominal adiposity

dyslipidaemia triad (low high-density lipoprotein [HDL], high
low-density lipoprotein [LDL], and high triglycerides), make
Indians more susceptible to developing T2DM (Unnikrishnan
et al., 2014; Indian Council of Medical Research, 2018). The
gender distribution of T2DM is quite equal in India, and the
incidence peaks mostly around 55 years of age (Khan ez 4/,
2020). The prevalence of diabetes in males (15.56%) is slightly
higher than in females (13.5%) (Indian Institute of Population
Sciences & ICF International, 2021). The urban prevalence
(19.5%) is comparatively higher than rural prevalence (15%),
mainly due to a more sedentary lifestyle and consumption of
refined foods (Anjana ez al., 2017).
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Measurement of acute (fasting and postprandial blood
glucose level) and chronic (glycated hemoglobin—HbA1c)
glycaemic levels are universally accepted indicators for the
diagnosis and management of diabetes. After diagnosis,
regulation of blood glucose levels is crucial for preventing
chronic complications of T2DM. HbAlc is a measure of
chronic glucose levels, reflecting the integrated mean glucose
level of the previous 8-12 weeks, also corresponding to
erythrocyte lifespan (Sherwani ef al., 2016). An HbAlc level
of > 6.5% (48 mmol/mol) is equal to random blood sugar
levels = 11.1 mmol/L (200 mg/dL) and is recommended as
the cut-off for diagnosing diabetes and can be used as a reliable
indicator of long-term quality care available to the diabetic
population (World Health Organization, 2011; American
Dietetic Association, 2016; Unnikrishnan ez /., 2014).

Prevention, early diagnosis, and prompt treatment of
hyperglycaemia in diabetic patients are the cornerstones for
the prevention of chronic complications. The prolonged
state of hyperglycaemia (elevated blood glucose levels,
HbAlc = 6.5%) in the population with diabetes is also a
dependent and independent causative factor for other non-
communicable diseases by adversely affecting cardiovascular,
gastrointestinal, and genitourinary systems, contributing to
related morbidity and mortality (Forbes & Cooper, 2016;
Bandey er al., 2020). If the HbAlc level increases from <
6.5% to 7.4% and > 11.5%, the mortality risk increases
by 31% and 40%, respectively (Anyanwagu ez al., 2019).
In patients with diabetes, symptoms of severe long-term
hyperglycaemia include polyuria, polydipsia, polyphagia,
weight loss, and blurred vision. Impairment of growth and
susceptibility to certain infections may also accompany
chronic hyperglycaemia (American Diabetes Association,
2022). T2DM patients with prolonged hyperglycaemia
may develop short-term metabolic dysfunctions and long-
term vascular complications affecting both micro- and
macrovascular systems.

Multiple Indian studies present strong evidence about
the suboptimal management of diabetes in the Indian
diabetic population. The ICMR INDIAB-13 study reports
that only 7% of diabetic Indian individuals meet treatment
targets for blood glucose, lipids, and blood pressure, and
the proportion is likely to be even lower among those with
undiagnosed diabetes (Anjana ez al., 2022). Over 50% of
individuals with diabetes in India have poor glycaemic
control (HbAlc > 8%), uncontrolled hypertension,
dyslipidaemia, and vascular complications (Muralidharan,
2024). Even after regular medication, 72.7% of patients
tested have HbAlc levels above 7% (Joshi et al., 2014).
Thus, chronic hyperglycaemia in T2DM is a well-reported
issue among the Indian diabetic population.

Several factors such as low educational attainment, high
BMI and waist—hip ratio (WHR), poor drug adherence,

sedentary lifestyle, unhealthy life choices, higher stress level,
and non-vegetarian diet are found to be associated with poor
glycaemic control in T2DM (Kumari ez al., 2025; Rajan ez
al., 2024). Among these factors, diet is crucial, as it has a
direct effect on blood glucose levels. Higher consumption
of total fat, saturated and monounsaturated fatty acids, and
protein, and lower consumption of dietary fibre are associated
with poor glycaemic control in diabetic individuals (Xu
et al., 2007). The staple wheat-based diet is also found to
have a detrimental effect on diabetic subjects (Raghuram ez
al., 2021). Moreover, micronutrient deficiencies result in
difficulties in regulating blood sugar and insulin resistance
(latcu er al., 2024). To improve metabolic control, diabetic
individuals generally follow guided or self-imposed dietary
restrictions, which alter their dietary habits and may lead to
nutritional deficiencies. Thus, assessment of dietary intake
of diabetic patients with poor glycaemic control (HbAlc
> 6.5%) may provide a comprehensive understanding of
their dietary habits and nutrient intake and suggest effective
strategies for their dietary management. Evidence suggests
that adoption of proper lifestyle modifications and dietary
management may delay, prevent, or even remit T2DM
(Rosenfeld ez al., 2022).

The state of Rajasthan has a lower prevalence of T2DM
(10%) compared to the national prevalence due to its diet
diversity based on local fruits and whole grains, with low
exposure to smoking (Chauhan ez 4/, 2025). However,
the state capital, Jaipur, accounts for a higher prevalence of
T2DM, ie., 15% (NFHS, 2019), mainly due to its urban
lifestyle. Diet plays a crucial role in diabetes management
and has a direct impact on associated hyperglycaemia.
Although numerous studies have identified the relationship
between diet and diabetes prevalence, there is still a paucity
of studies exploring the actual consumption of food groups
and nutrient intake among T2DM patients who have long-
term poor glycaemic control even after regularly consuming
hypoglycaemic medications. Thus, this study aims to assess
diabetes-related information, anthropometric measurements,
dietary pattern, food groups consumption and nutrient
intake among T2DM individuals who have long-term poor
glycaemic control, reflected by HbAlc level > 6.5%.

2. Methodology

e Ethical approval: The research study was approved
by the Institutional Ethical Committee for Human
Research, Maharana Pratap University of Agriculture
and Technology, Udaipur.

e Study design: Cross-sectional descriptive study

e Study locale: Approval of the institutional ethical
committee was obtained prior to study commencement.
Persons within the age group of 30-60 years and above
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attending the Medical OPD, RK Hospital, Jaipur were

included in this study.

Sample size: A general rule of thumb in descriptive

studies is to take 30 patients or greater to estimate

a parameter. A sample of 60 T2DM patients was

selected based on the general rule of thumb and ethical

committee recommendation. The sample size of the

present study corresponds to the calculated sample size

of 52 or more measurements to have a confidence level

of 85% and within +10% margin of error.

Sampling technique: A sample of 60 T2DM patients

[(males; n,=36) and (females; n,=24)] was selected by

purposive sampling.

Inclusion criteria:

°  Having an HbAlc level > 6.5%.

©  Aged between 30-60 Years

°  Willing to participate

©  Diagnosed with a clinical history of T2DM for a
minimum of three years

°  Taking
hyperglycaemia

©  Moderate Physical activity level

°© Have no change in the medical treatment of
diabetes from the last six months

Exclusion criteria:

°  Having severe illness.

regular  medication to  control

Data collection: After obtaining proper consent,

participants were interviewed personally by using a

structured questionnaire for the following information-

°©  Background information: Age, marital status,
education, occupation, family income, and family
size were collected. The socioeconomic status of
the participants was determined on the basis of
education, occupation and family income using
the modified Kappuswamy Socio-Economic Status
Scale 2021 (Saleem & Jain, 2021).

©  Anthropometric measurements: Weight, height,
waist, and hip circumference were collected, and
BMI [weight(kg)/height*(m?)] and WHR [waist
circumference (cm)/hip circumference (cm)] were
calculated (Jelliffe,1966).

°  Blood glucose levels: Fasting and postprandial
blood glucose were measured using the GOD/
POD method (Dandekar & Rane, 2004; Trinder,
1969). The direct HbAlc was measured by
nephelometry (Prathima er a/, 2020). Average
blood sugar was calculated on the basis of HbAlc
(Garg ez al, 2022).

©  Dietary intake: Information on meal patterns,
consumption patterns of food groups, nutritive

and non-nutritive substances was collected.

Average consumption of food groups and
nutrient intake were collected using the 24-hour
recall method from each participant (Longyah ez
al., 2017; Bamji er al., 2019). The average daily
nutrient intake of diet was calculated by using
Dietsoft software. The Dietsoft software calculates
the nutrient intake based on Indian Food
Composition Tables (IFCT) given by Longvah
et al. (2017). The percentage adequacy was also
determined by comparing the average nutrient
intake of participants with the recommended
dietary allowance (RDA) for their gender, age
and physical activity (Indian Council of Medical
Research, 2020) for all nutrients.

Statistical analysis: Data presented  as

frequencies, meantstandard deviations (SD). The

Karl Pearson correlation between anthropometric

were

measurements and HbAlc levels was analysed at the
5% significance level.

3. Results

Data from Table 1 and Figure 1 indicated that the majority
of the participants have: age >50 years (63.33%); males
(60%); married (83.33%); educated more than 10th class
(56.67%); working in the unorganised sector (75%), and
middle-class socio-economic status (56.67%). The mean
age of participants is 51.87+10.02 years, with a known
history of diabetes for the last ten years (41.93+8.45
years).

Table 1: Background Information

S. Particul Values

No. articuars (Mean = SD)

1. Mean age (Years) 51.87+10.92

5 Mean age of diagnosis of diabetes 41.9348.45
(Years)

3. Mean socioeconomic status score 16.82+6.57

4 Average number of Family Members | 5.02+2.21

Table 2: Medical Treatment of T2DM

Particulars Frequency % (n)
Frequency of Consultation

Bimonthly 05.00 (03)
Monthly 40.00 (24)
Quarterly 33.33 (20)
Biyearly 20.00 (06)

Once a Year 11.67 (07)
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Medication Pre-existing Comorbidities
Regular consumption of Hypertension 16.67 (10
B P 91.67 (55) P (10
medication 5 Obesity 26.67 (16)
2. Metformin (500mg) BD 18.33 (11) ' Hypercholesterolemia 1.67 (1)
Metformin 500mg BD with 68.33 (41) Heart attack 1.67 (1)
combinations
Any other 11.67 (7)
Insulin 5.00 (03)
u Total
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Figure 3: Felt Symptoms After T2DM Onset
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Figure 4: Diabetes Associated Complications After T2DM Onset
Table 3: Anthropometric Measurements, Blood Pressure and Blood Glucose Level.
S.N. Particul Males (n1=36) Females (n2=24) F(I:leo) Correlation (r)
s artieutars Mean + SD Mean + SD - with HbAlc
Mean + SD
Anthropometric Measurements and Indices
Weight 73.36+13.49 62.35+£11.70 68.96+13.77 -0.0476M
Height 169.69+7.18 157.85+3.18 165.01+8.32 -
Waist circumference | g0 55,14 01 88.13+10.41 89.58+10.66 0.0727%
1. (cm)
E:E)C‘rcumf“e““ 92.67+8.64 95.28+12.84 93.71+9.82 -0.014778
BMI (kg/m?) 25.43+4.19 25.03+4.69 25.25+4.30 0.0836™S
WHR 0.98+0.05 0.93+0.03 0.96+0.05 0.0162N8
Blood Glucose Levels
Fasting (mg/dl) 177.06+56.61 185.38+74.13 178.05+65.01 -
) Postprandial (mg/dl) 221.36+66.31 230.08+89.06 224.85+75.63 -
HbAlc (%) 8.49+1.80 8.71+2.37 8.54+2.04 -
Average blood sugar |1 63,51 58 [ 203.38:68.01 198.45+58.67 -
(mg/dl)
Note: NS = non-significant
$ 120 = Total (N=60)
S 100
5 80
£ 60
% 40 I
S 20
g, — H m l [
(5; Low Average Moderate = Incresed Incresed Substantially Substantially
o Incresed Incresed
<18.5 18.5-24.99  25-29.99 30-34.9 >94cmin  >102cmin men & 88cm  20.90cm
men & 80cm in women (men)
in women >0.80cm
(women)

Figure 5: Anthropometric Measurements and Indices of T2DM Subjects
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m Total (N=60)
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2-4 pieces -
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Meal Pattern Frequency of Meal Per Day Habitul Of Eating b/w Salad Consumption = Quantity of Salad
Meals before or with Meals Consumed

Figure 6: Meal Pattern of T2DM Subjects
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Figure 7: Consumption Pattern of Food Groups by T2DM Subjects
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w
S

Tea/Coffee Smoking Tobacco Artificial Functional ~ Supplmentation
Sweetner Foods Tablets

Figure 8: Consumption of Other Nutritive and Non-Nutritive Substances by T2DM Subjects

* Diabetes-related information: Data presented in (86.67%) were regularly taking only metformin
Table 2 indicate that the majority of participants or its combinations with other active ingredients
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for T2DM management. It was found that obesity
was the major pre-existing comorbidity (26.67%),
followed by hypertension (16.67%). Data presented
in Figure 2 highlighted that participants perceived
their irregular diet (96.67%), mental stress (75%),
family history of diabetes (63.33%), and sedentary
lifestyle as major contributing factors in their diabetes
onset. Fatigue (86.67%), along with polydipsia
(70%), polyphagia (61.67%), and polyuria (58.33%),
were symptoms most felt by the participants (Figure
3). The participants reported neurological problems
(16.67%), depression (16.67%), skin infections
(13.33%), and dementia (13.33%) as the most
common associated complications after T2DM onset
(Figure 4).
Anthropometric measurements and blood sugar
level: The findings given in Table 3 revealed that the
mean weight (68.96 kg), waist circumference (89.58
cm), hip circumference (93.71 cm), BMI (25.25 kg/
m?), and waist-hip ratio (0.96) of all participants
were comparatively higher than their reference cut-
off given by Indian Council of Medical Research
(2018). Data from Figure 5 revealed that 58.33% had
a normal BMI, followed by overweight (21.67%),
obese (16.67%), and underweight (3.33%). A total of
70% of participants had a waist circumference > 94cm
in men or 280cm in women. All the participants had
a WHR of more than 0.90 in men or 0.80 in women,
which indicates their substantially increased risk of
comorbidities. However, none of anthropometric
measurements showed significant correlation with
HbAlc levels. The HbAlc level showed a weak
positive correlation with waist circumference and
WHR, while a weak negative correlation with weight
and BMI
Dietary Intake
©  Meal pattern: Data from Figure 6 indicated that
the majority of the participants follow vegetarian
diet (85%), meal frequency 3-4 times a day (70%),
and occasional consumption of salad before or
with meal (56.67%).
©  Consumption Pattern of Food Groups: Data
from Figure 7 revealed that consumption of sieved
wheat flour (81.67%), use of mustard oil for
cooking (83.33%), and moderate saltintake in food
(95 %) were frequent. Table sugar consumption
<10 g/day or nil was reported by 20% and 26.67%
of the participants respectively. Only one fourth
of the participants reported sufficient water intake
(2-3 litres/day).
©  Consumption pattern of other nutritive or
non-nutritive substances: Data from Figure 7,

majority of the participants were taking 1-4 cups
tea or coffee per day (80%), non-smoker (90 %),
non-alcoholic (95 %), not taking guthkha, tobacco
or paan (85 %) and not consuming any kind of
artificial sweetener (93.33 %). For controlling
hyperglycaemia, 38.33 % of participants were
consuming functional foods. Majority of the
respondents (75%) were not taking any kind of
nutritional supplements.

Average daily consumption of food groups:
Comparison of average daily food group
consumption of all the participants (as given in
Table 5) indicated that the people tend to reduce
their average daily intake of cereals, pulses and
legumes, other vegetables and sugars were reduced
from the recommended values given in dietary
guidelines for Indians (Indian Council of Medical
Research, 2024). Consumption of fats and oils
and milk & milk products was higher than their
recommended values. The consumption of green
leafy vegetables and roots and tubers was only one-
fourth and one-third of the recommended values
respectively.

Average nutrient intake: From the data given
in Table 6, it is clear that the daily average
energy intake of all the respondents was
1747.51+369.71 kcal, comprising contribution
as 54% from carbohydrates (235.6748.65 g);
28.65% from fats (55.63+24.83 g); 12.57%
from protein (54.90£16.83 g); and 4.75% from
dietary fibre (41.52+11.73 g) respectively. The
intake of macronutrients by all the participants
was similar to the dietary recommendation of
Indian Council of Medical Research (2018) given
for T2DM management, as the contribution of
energy from carbohydrates (55-60%), fats (20-
30%), protein (12-15%), and dietary fibre (40
g/day).

Percentage adequacy of average nutrient
intake: From the data in Table 7, it is clear that
all participants tend to reduce their energy intake
and are at par with the recommended values.
The percentage adequacy of protein and dietary
fibre was quite comparable to the recommended
values. Fat intake was approximately twice the
recommended values. In micronutrients, intake of
phosphorus, thiamine, and ascorbic acid were quite
adequate. Among all the nutrients, the percentage
adequacy of vitamin A, riboflavin, zinc and niacin
was approximately half of the recommended values
in both males and females.
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Table 5: Average Daily Consumption of Food Groups

Table 6: Nutrient Intake

S.No. | Food Groups gflcdoi:lnmé:::;gi}, Zlfues Values (n=60)
Medical Research, 2024) (Mean + SD)
1. Cereals & Millets (g) | 250-320 235.88+71.14
2. |Pubes&legumes o5 )05 43.11+33.86
(®

3. xgguiislv([ilf) 300 416.22+243.04
4, Fats & oils (ml) 25-30 55+27.11
5. %;;ﬁf(yg) 100 25.39£66.12
6. Roots & Tubers (g) 200 67.44+72.38
7. Other Vegetables (g) | 200 178.90+132.89
8. Fruits (g) 100 118.31+174.50
9. Nuts & Oilseeds (g) | 30-40 2.20+7.38
10. Sugars (g) 20 8.36+10.14
11. Eggs (g) - 7.67+36.72
12. Poultry (g) - 10.89+46.46

Males (n1=36) Females(n2=24) Total (n=60)
S.No. | Particulars

Mean + SD
1. Energy (kcal) 1828.61+£390.46 1625.36+295.40 1747.51£369.71
2, Carbohydrates (g) 246.64+45.36 218.83+49.01 235.67+48.65
3, Dietary fibre (g) 43.55+23.36 38.35+22.21 41.52+11.73
4, Protein (g) 57.79+18.61 50.46+12.62 54.90+16.83
5. Fat (g) 58.66+28.94 51.2+16.19 55.63+24.83
6. Minerals (g) 2.80+2.01 2.60+1.36 2.72+1.76
7. Calcium (mg) 666.03+234.69 597.28+187.50 637.24+243.88
8. Phosphorus (mg) 1510.89+326.69 1339.41+£292.95 1442.86+325.36
9. Iron (mg) 16.18+4.73 14.67+3.97 15.59+4.49
10. | Zinc (mg) 9.47+2.39 8.2241.92 8.98+2.27
11. Vitamin A (ug) 338.84+525.93 387.76+457.33 353.33+453.63
12. | Thiamine (mg) 1.55£0.35 1.36£0.29 1.47+0.36
13. Riboflavin (mg) 0.97+0.31 0.90+0.28 0.95+0.29
14. Niacin (mg) 9.83+5.31 8.37+3.20 9.25+4.99
15. Folic acid (pg) 258.18+142.60 217.08+94.40 241.06+126.84
16. Vitamin C (mg) 115.06£166.59 87.41+79.84 103.90£138.66

Table 7: Percentage Adequacy of Average Daily Nutrient Intake
ﬁ:lctioi?nmé::lel‘ciiyzlfu;lscdical Research, 2020) Total (n=60)
Nutrients Men Women Male (n1=36) Female (n2=24)
Energy (Kcal)* 1834 1560 99.71 104.19
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Energy (Kcal) 2110 1660 86.67 97.91
Protein (g) 54 46 107.02 109.66
Fat (g) 30 25 195.53 204.80
Dietary fibre (g) 40 30 108.86 127.83
Calcium (mg) 1000 1000 66.60 59.73
Phosphorus (mg) 1000 1000 142.36 133.94
Iron (mg) 19 29 85.16 50.59
Zinc (mg) 17 13.2 55.70 48.35
Vitamin A (pg) 1000 840 33.88 46.16
Thiamine (mg) 1.8 1.7 86.11 80
Riboflavin (mg) 2.5 2.4 38.8 37.5
Niacin (mg) 18 14 54.61 59.79
Folic acid (pg) 300 220 86.06 98.67
Vitamin C (mg) 80 65 143.83 134.48

Note: *Energy calculated for T2DM subjects (25keal/kg mean body weight) as recommended by Indian Council of Medical Research (2018).

4. Discussion

Insulin resistance and impaired insulin secretion in T2DM
result in a noteworthy acute rise of fasting and postprandial
blood glucose levels. And, if unregulated for an extended
time period, leads to chronic hyperglycaemia (HbAlc >
6.5%), which further increases the risk of several macro-
and microvascular complications (Yu ez a/., 2025). Similar
to the findings of the present study, studies reported that
even after the regular use of hypoglycaemic drugs, more
than 80% of T2DM individuals have HbAlc > 7%, BMI >
25 kg/m?, and waist circumference > 85 cm in females and
> 90 cm, indicating the risk of diabesity (Joshi ez al., 2014;
Unnikrishnan et 4l., 2014). Suvarna ez al. (2022) reported a
high level of BMI (25.4 kg/m?), waist circumference (88.64
cm), and hip circumference (100.1 cm) in 212 T2DM
patients residing in South India. Bhati & Goyal (2013) also
reported that diabetic males (n = 45; 74.5 kg) and females
(n = 35; 68.5 kg) residing in Bikaner district of Rajasthan
have more weight than the recommended values. Bhoi ez
al. (2021) also reported similar findings for weight (68.57
kg), BMI (26.41 kg/m?), and WHR (0.93) for 120 diabetic
individuals residing in Ahmednagar, Maharashtra. Awasthi
et al. (2017) also stated that BMI > 25 kg/m?, abnormal
waist circumference (> 90 cm in men or > 80 cm in women),
and abnormal WHR (0.9 in men or 0.85 in women) were
seen in 55%, 74.5%, and 82.4% of T2DM patients of
South India, respectively.

In the present study, T2DM subjects employed several
self-dietary measures to manage their elevated blood glucose
levels, such as consumption of mustard oil and functional
foods. Literature supports such claims that the use of mustard
oil in the diet may reduce blood glucose levels by improving

insulin receptor signalling (Devi ez al., 2022). Functional
foods intervention with a conventional hypoglycaemic
drug can improve glycaemic control and prevent associated
complications (Mirmiran er 4/, 2014). A change in dietary
pattern was also reported by Saaty and Ajadani (2024), with
more inclusion of vegetables, green and leafy vegetables, starchy
vegetables, fruits, proteins, and milk in the diet and avoiding
consumption of sweets, sweetened juices, and soft drinks.

Findings of the present study highlighted that T2DM
subjects reduced their energy consumption by 15-20% to
maintain their blood glucose levels. Their consumption
pattern indicates a skewed dietary pattern, with optimum
carbohydrate and protein adequacy and high fat intake.
The low intake of micronutrients such as calcium, iron,
zinc, vitamin A, riboflavin, niacin, and folic acid was also
observed. Consistent with the findings of the present study,
T2DM individuals tend to lower their energy intake by 30%
compared to the normal population, and half of the study
participants reported deficient intake of micronutrients such
as vitamins C, D, B12, and B9, zinc, calcium, magnesium,
and copper. Joshi er al. (2014) also found that protein
intake was adequate, but fat intake was high. The optimum
macronutrient intake by T2DM may be due to the fact that
Indian diets are majorly cereal-pulse-based vegetarian diets,
which are high in calories but deficient in micronutrients
(Sachdev & Misra, 2023). Micronutrient deficiencies
including zinc (Naik ez al., 2019), potassium (Peng ez al.,
2020), calcium (Itam ez al., 2022), magnesium (Kumar e¢
al., 2019), vitamin D (Monapati ez a/., 2023), and vitamin
B12 (Sayedali et al.) are commonly seen in T2DM and are
associated with high glycated haemoglobin (HbAlc), a
marker of long-term glycaemic control, and an increased
risk of complications (Dubey ez /., 2020).
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To improve glycaemic control, diabetic individuals
generally follow guided or self-imposed dietary restrictions,
which alter their dietary habits and may lead to nutritional
deficiencies. Higher consumption of total fat, saturated
and monounsaturated fatty acids, and protein, and
lower consumption of dietary fibre are associated with
poor glycaemic control in diabetic individuals (Xu e# 4.,
2007). The staple wheat-based diet is also found to have
a detrimental effect on diabetic subjects (Raguram ez
al., 2021). Moreover, micronutrient deficiencies such as
vitamin D, E, C, magnesium, selenium, zinc, copper, iron,
chromium, and iodine result in elevated blood sugar levels
and insulin resistance (Iatcu ez al., 2024).

Supplements such as functional foods and
micronutrients may modestly improve insulin sensitivity
(Yu et al., 2025). Since T2DM is a state of increased
oxidative stress, antioxidant supplementation may improve
diabetic management and reduce the risk of diabetic
complications by improving insulin sensitivity, endothelial
function, and glucose metabolism (Dilworth er al., 2024).
However, some studies have also contradicted this, stating
that supplementation of vitamin C, vitamin E, and
beta-carotene has no benefit with respect to improved
glycaemic control and associated complications (Song ez 4.,
2009). Thus, there is still a need for more systematic evidence-
based studies before prescribing any additional dietary and
pharmaceutical supplementation to T2DM patients who
have chronic hyperglycaemia (Petroni ez al., 2021).

5. Conclusion

Thus, from the findings of the present study, T2DM
individuals with poor glycaemic control (HbAlc 2 6.5%)
have high BMI and WHR, indicating the risk of central
adiposity and associated comorbidities. The dietary pattern
of T2DM individuals with poor glycaemic control is mainly
reflected by a staple wheat-based diet, high fat intake, and
low intake of micronutrients. The recommendation of a
balanced diet approach, with special focus on reducing
fat intake, inclusion of fibre-rich multigrain flour, and
consuming more green leafy vegetables and raw vegetables,
must be reinforced among T2DM subjects to prevent
chronic hyperglycaemia and micronutrient deficiencies.
Longitudinal studies with a large sample size and robust
sampling are needed to understand the exact dietary pattern
of Indians to prevent them from becoming the global
diabetic capital of the world.
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