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Abstract
Introduction
Type 2 diabetes mellitus (T2DM) is characterized by elevation of blood glucose levels due to underlying
insulin resistance and inflammation. Multiple modifiable risk factors such as unhealthy dietary habits,
physical inactivity, obesity, smoking and psychological stress contribute to T2DM. We investigated the
efficacy of a comprehensive functional nutrition approach aimed at mitigating T2DM using the iTHRIVE
approach which encompassed anti-inflammatory and elimination diets, micronutrient supplements,
physical activity, stress management and environmental modifications through a pre-post study design. The
research assessed changes in blood glucose and inflammatory markers following the implementation of
the functional nutrition program.

Methods
A prospective pre-post intervention pilot study was conducted at ThriveTribe Wellness Solutions Pvt Ltd.
(iTHRIVE), where 50 study participants from urban areas of Pune city, India (n=25 each group) were
recruited voluntarily in the age group of 20-60 years. The participants were subjected to 90 days of the
iTHRIVE functional nutrition approach which consisted of eliminating certain inflammatory foods and
adding a combination of nutritious organic foods, adding dietary supplements like magnesium, vitamin D,
alpha lipoic acid, chromium picolinate, berberine and biogymnema, physical activities like resistance
training, stress reduction techniques like meditation and deep breathing exercises along with environmental
changes. The blood parameters like fasting blood glucose, postprandial blood glucose, glycated haemoglobin
(HbA1C), fasting serum insulin, post-prandial serum insulin, high sensitivity C-reactive protein (hs-CRP),
erythrocyte sedimentation rate (ESR), vitamin D, body weight and waist circumference were measured
before and after the intervention. The changes were statistically analyzed using a paired t-test.

Results
The mean age of the participants was found to be 43.76±10.58 years. Around 68% of the participants were
prediabetic (HbA1c: 5.7-6.4%) and 32% had T2DM (HbA1c ≥6.5%). A significant reduction was observed in
the average HbA1c (13.75% reduction, p<0.0001), average post-prandial blood glucose levels (14.51%
reduction, p<0.048), average post-prandial serum insulin (34.31% reduction, p<0.017) and average ESR
levels (34.51% reduction, p<0.006). The hs-CRP levels were reduced by 6.6%, but not statistically significant.
The average body weight of the participants dropped from 78.59±15.18 kg to 75.20±14.20 kg with a mean loss
of 2.91 kg (p<0.05) whereas the waist circumference decreased from 37.54±5.09 to 35.97±4.74 inches with an
average loss of 1.19 inches (p<0.0004).

Conclusions
Following the intervention, several health indicators indicated significant improvements. Particularly, there
was a significant drop in HbA1c levels, suggesting better long-term blood glucose control. Blood glucose and
serum insulin levels after a meal dropped significantly, indicating enhanced insulin sensitivity. There was a
decrease in systemic inflammation as evidenced by the decrease in ESR levels. These results imply that the
iTHRIVE functional nutrition approach used in this investigation might be beneficial for enhancing glycemic
control and insulin sensitivity, along with reducing inflammatory markers in people with prediabetes and
T2DM. Larger sample sizes and longer periods of monitoring would be useful in subsequent research to
validate and build on these encouraging findings.
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Introduction
The International Diabetes Federation (IDF) has estimated that 77 million individuals had diabetes in India
in 2019 and is expected to cross 134 million by 2045 [1]. The majority of the cases are type 2 diabetes
mellitus (T2DM), a complex condition characterised by a deficiency in the insulin secretion by β-cells of the
pancreas, tissue insulin resistance (IR) along with an insufficient compensatory insulin secretory response
[2]. IR can be defined as an attenuated response of tissues to normal or elevated physiological levels of
insulin [2]. People who are at risk for T2DM initially have a state of IR which is compensated with
hypersecretion of insulin by the β-cells of the pancreas. Eventually, the pancreas becomes unable to cope up
with the insulin secretion which ultimately leads to β-cell dysfunction [3]. Moreover, chronic systemic
inflammation caused by unhealthy diet patterns, obesity, physical inactivity and psychological stress
activates the innate immune system and causes the secretion of pro-inflammatory cytokines [3]. Prolonged
exposure of pro-inflammatory mediators stimulates the activation of cytokine signalling proteins which
block the activation of insulin signalling receptors in β-cells of the pancreas. This leads to dysregulation in
glucose homeostasis and causes a consistent elevation in blood glucose levels. Such a hyperglycemic state
creates oxidative stress in the body, ultimately damaging the pancreatic islet cells and inhibiting insulin
gene expression [3].

Numerous factors like genetics, metabolic, lifestyle and environmental factors interact with each other and
contribute to T2DM development [4]. Genetic predisposition is an important contributing factor for T2DM
[5]. The prevalence of T2DM varies depending on the ethnicity. Studies have shown higher incidence rates in
Asians as compared with the American population. Lifestyle, socioeconomic factors and gene-environmental
interactions have been thought to influence T2DM development [4].

While individuals can be predisposed to T2DM on account of non-modifiable risk factors such as ethnicity,
family history or genetic predisposition, evidence from epidemiological studies point out that T2DM
condition could be improved by working on major modifiable risk factors like an unhealthy diet, lack of
physical activity, obesity, smoking and psychological stress [6,7].

Unhealthy diet patterns along with obesity and physical inactivity pose the strongest risk factors for IR and
T2DM [2]. A recent meta-analysis has shown that both moderate and high consumption of ultra-processed
foods increases the risk of T2DM by 12% and 31% respectively [8]. It was also observed in a prospective
cohort study from nine countries (Asian and Western countries) that long-term consumption of sugar-
sweetened beverages (also called sugary drinks or soft drinks) increases the risk of T2DM by 29% [9]. To date,
various dietary patterns have been considered beneficial for T2DM. High-protein and low-carbohydrate
dietary model has been found to reduce plasma insulin levels possibly due to the reduction in glucose load
[10]. A ketogenic diet with high-fat, moderate-protein and low-carbohydrate has been shown to decrease
inflammation in the pancreas and enhance insulin sensitivity [10]. Mediterranean diet which is a low-carb
diet, rich in monounsaturated and polyunsaturated fatty acids (PUFA) and antioxidants like polyphenols,
has been found to combat inflammation and increase insulin sensitivity [10]. Such dietary models mostly
consist of a combination of nutrient-dense foods leading to lowered inflammation, reduced glucose load and
essential nutritional support to the body.

One such dietary model involves a gluten-free (GF) diet. A diet containing wheat flour has been linked to a
higher occurrence of diabetes mellitus in animal studies [11]. In non-diabetic mice, consumption of a wheat-
based diet increased the incidence of diabetes mellitus and the severity of insulitis. Conversely, feeding
these mice a diet based on hydrolyzed casein resulted in a reduced incidence of diabetes. Moreover, diets
that exclude wheat and barley proteins have been associated with a reduced incidence and delayed onset of
diabetes [11].

There has been an increasing amount of evidence for the role of gluten and gut health in T2DM [12,13].
Studies show that the consumption of foods such as wheat and rye containing gluten affects the gut
microbiota adversely leading to damage of the intestinal lining, causing inflammation and aggravating
IR. Moreover, proline, glutamine and hydrophobic amino acids are the primary amino acid components of
gluten, which hinders gluten from being entirely broken down by pancreatic, stomach, and brush-border
enzymes [12,13]. Additionally, the gluten peptides like gliadin present in wheat could cross the intestinal
barriers affecting the pancreatic beta cells directly [14].

It was evidenced that such dietary practices have a significant impact on glycemia and gut flora [15]. A
gluten-containing diet was observed to increase the prevalence of hyperglycemia in non-obese diabetic
mice, whereas a GF diet lowered it. Moreover, it was shown that the faecal microbiota varied depending on
the diet. In a gluten-containing diet, Bifidobacterium spp. was more common, whereas in a GF diet,
Akkermansia spp. was more common [15].

A sedentary lifestyle is a major precipitating factor of diabetes mellitus. A high correlation of physical
inactivity has been linked with T2DM incidence, since it can also contribute to obesity [16]. Additionally,
psychological stress is also considered as a prominent factor in T2DM [17]. Stress can lead to the stimulation
of hypothalamus-pituitary-adrenal gland (HPA), thus causing increased cortisol levels. Prolonged elevations
in cortisol can lead to blood sugar dysregulation through gluconeogenesis [17]. Moreover, recent studies are
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unveiling the effects of environmental factors like exposure to endocrine-disrupting chemicals (EDCs)
[18,19], exposure to artificial lights at night and associated circadian rhythm disruption [20,21], etc. in
causing metabolic disturbances. EDCs are exogenous chemicals, or a mixture of chemicals, that can interfere
with any aspect of hormone action [18]. Substances like household chemicals, fragrances, lotions, soaps, etc.
can act as sources of EDCs. It has been found that EDCs like bisphenols, phthalates, parabens and heavy
metals could potentially alter the β-cell physiology and cause IR [22]. Industrialisation and electrification in
the modern world have led to an increased indoor time and a minimal outdoor time and the resultant sleep
and circadian rhythm disruption has been found to acutely impair glucose tolerance [20,23]. Instances of
T2DM incidences in obstructive sleep apnea patients have corroborated the significance of sleep and
circadian rhythm in T2DM [24].

However, the effectiveness of integrating these dietary patterns with other lifestyle factors such as physical
activity, stress management and environmental influences such as digital detox and avoidance of use of
plastics remains insufficiently studied within the Indian population. We hypothesized that improving factors
such as diet, physical activity, nutritional deficiencies, stress and environmental aspects may lead to an
improvement in the glycaemic markers and IR. Thus the aim of the study was to observe the apparent
changes in the glycaemic and inflammatory parameters before and after the dietary and lifestyle
intervention and thereby assess the efficacy of this approach.

Materials And Methods
Study participants
This was a pilot pre-post study conducted by ThriveTribe Wellness Solutions Pvt Ltd., also known as
iTHRIVE, which is located in Pune city. The participants approached iTHRIVE through its advertisements on
social media and referral programs. The enrolment commenced in March 2021 and 50 participants were
selected for the study. The participants were purposefully selected to have an equal number of males and
females. An informed written consent was obtained from the participants prior to the commencement of the
program. The ethical approval for conducting the study was obtained from the Institutional Ethics
Committee (IEC) (SIU/IEC/292) of Symbiosis International University, Pune. The inclusion criteria were as
follows: those between the ages of 20 years to 60 years and prediabetics with HbA1C levels equal to or
greater than 5.7%. As per the American Diabetes Association (ADA), HbA1C levels ranging from 5.7% to 6.4%
can be classified as prediabetes and diabetics with HbA1C levels equal to or greater than 6.5% are classified
as diabetics. The exclusion criteria were as follows: individuals with chronic diabetic complications or other
co-morbidities and diseases, pregnant females, lactating mothers, teenagers, individuals with genetic
diseases, individuals with type 1 diabetes and other autoimmune disorders and individuals following any
Ayurveda treatments or medications. Additionally, those participants who were on medications were allowed
to continue them during the course of the study.

Functional nutrition approach
The study timeline for the 50 participants spanned an average period of 90 days starting from June 2021
after obtaining IEC approval. At the beginning of the program, three-day diet recalls (two weekdays and one-
weekend recall) were obtained from the study participants along with their other aspects such as exercise,
stress, sleep, sunlight/daylight exposure, screen time, etc. through an online consultation call. Following the
preliminary analysis, the participants were briefed about the study program. The study design involved a
holistic functional approach (Figure 1) which comprises addition and elimination diets, supplements for
correcting deficiencies, physical activity, stress management modalities and environmental changes such as
digital detox, avoidance of endocrine disruptors like plastics, etc.

2024 Pradhan et al. Cureus 16(7): e63744. DOI 10.7759/cureus.63744 3 of 13

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


FIGURE 1: Outline of iTHRIVE functional nutrition approach for
improving glycaemic and inflammatory parameters in prediabetes and
type 2 diabetes mellitus

The first component of this approach was the incorporation of healthy dietary patterns which involved an
elimination of pre-decided foods and ingredients followed by the addition of certain food sources. As part of
the elimination, food sources such as ultra-processed packaged foods, sugary beverages, alcohol, etc. were
excluded from the diet. According to the US National Survey 2016 [25], ultra-processed food is defined as
industrial formulations with five or more ingredients such as hydrolyzed protein, modified starches,
hydrogenated oils, and additives such as colourants, non-sugar sweeteners, etc. Refined sugar, sweetened
beverages, sports drinks, cakes, cookies, soda, candy, ice cream, flavoured yoghurts and snack bars were
eliminated further. Refined seed oils were also eliminated on account of lipid peroxidation and subsequent
production of free radicals which could activate inflammatory pathways [26].

The participants were encouraged to use unprocessed foods or minimally processed foods (these are
unprocessed foods that undergo industrial processes such as drying, crushing, grinding, etc.) as a part of the
dietary modification. They were also advised to eliminate gluten-rich foods such as wheat, oats, rye, refined
wheat flour, semolina, vermicelli, barley and other wheat products. Millets and rice were the recommended
alternatives.

Other than the three milk products - cow’s ghee, butter and buttermilk - all other milk and milk products
were avoided on account of genetic modification of cows and hormonal injections for milk production [27].
Such high estrogenic milk might cause conditions such as acne, diabetes, IR [28], obesity, and hormonal
imbalances. Consumption of walnuts was specifically encouraged in this dietary protocol due to its uniquely
high PUFA content, which has been evidenced in reducing blood sugar levels [29].

While positive correlations were observed for fruit juices and fruit drinks with T2DM, evidence suggests a
reduction in the risk of T2DM with the intake of fruits, especially berries, apples, grapes and yellow
vegetables [30]. Thus, fresh fruits and starchy vegetables were included as healthy sources of carbohydrates.

For cooking purposes, organic or grass-fed cow’s ghee, organic grass-fed or homemade butter or organic
cold-pressed (virgin) coconut oil was recommended and refined seed oils were eliminated. Cooking methods
such as deep frying, commercially grilled foods which use high-calorie marinades, reused oils for grilling pan
frying, etc. were advised to be avoided considering the generation of high transfats, formation of
heterocyclic amines (HCAs) and polycyclic aromatic hydrocarbons (PAHs) and high sodium content [31].
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Studies show a higher protein intake (around 1.2 g per kg) to be beneficial for improving IR [32]. Unprocessed
grass-fed organic red meat like lamb, ribs, organ meats like liver, free-range poultry and free-range organic
eggs were included in the dietary approach as higher bioavailable protein sources. Seafood, both white fish
and oily fish, was recommended and has been shown to be beneficial in diabetes which may be attributed to
the omega three fatty acids [30].

For ease of acquisition, a list of vendors specifically selling grass-fed and organic products was shared with
the participants. Considering the above aspects, the iTHRIVE diet plan was shared with the participants
(Table 1) along with useful food recipes.
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Time Meal components Rationale/justification

Morning
(empty
stomach)

To start the day, a glass of fresh lemon water was prepared by squeezing the juice
of one lemon into a glass of water and adding a pinch of cinnamon powder.
Following this, 5-6 tulsi (holy basil) leaves were chewed and swallowed, ensuring
they were thoroughly chewed before swallowing. After a half-hour interval, one
teaspoon of fenugreek seeds that had been soaked in water overnight for six to
eight hours was consumed. The soaking water was discarded before consumption.
If needed, a half glass of plain water was used to facilitate the proper chewing and
swallowing of the fenugreek seeds.

Lemon is rich in Vitamin C and has
antioxidant and anti-inflammatory
properties [33]. Cinnamon has an
insulin-potentiating effect (however,
evidence is inconclusive) [34]. Basil
leaves have eugenol which exerts a
hypoglycemic effect [33]. Fenugreek
suppresses inflammation and has
antidiabetic properties [34].

Exercise Resistance exercises or running/brisk walking/yoga for 30-45 minutes are advised.
Exercise improves glycemic control,
increases insulin sensitivity [17].

Post-
workout
meal

Fifteen to twenty minutes after the workout, either of the following was consumed:
two or three eggs, which were either boiled, scrambled, or made into an omelette,
or, for vegetarians, one scoop of whey protein.

Protein intake soon after the exercise
increases recovery and helps in skeletal
muscle building. Active skeletal muscles
increase glucose uptake and exert
glycemic control [17].

Breakfast

One hour after the workout, breakfast was consumed with the following options:
The first option included a millet and legume-based breakfast, which could consist
of either two besan cheelas, two green moong dosas, three to four idlis, or one to
two dosas. The side dish for this option was two tablespoons of either coconut,
mint, or coriander chutney. Alternatively, oats upma (using steel-cut or rolled oats)
or millets upma were other options. Following the meal, one half or one whole
walnut, which had been soaked in water for seven to eight hours, was consumed.

Due to the high fiber content and
resistant starch, millets and legumes
slows the glucose release into
bloodstream and exert glycemic control
[35]. Protein intake in the morning leads
to reduction in insulin spikes and
achieve greater blood sugar control.
Walnuts aid in restoring insulin
sensitivity and possess hypoglycemic
properties [29].

Lunch

The meal consisted of a bowl of salad made with carrots, tomatoes, cucumbers,
lettuce, and onions. Alternatively, salads made with sprouts, which were either
cooked or steamed, were also an option. For the main course, vegetarians
consumed one to two bowls (150-250 mL) of thick dal (any type of dal was used).
Additionally, a half bowl (30 grams) of cooked rice or whole grains was consumed.
Alternatively, half a bhakri or roti made with 15-20 grams of raw millet flours such
as proso, kodo, barnyard millet, sorghum, or bajra, or rice was an option. Non-
vegetarians opted for 150 to 200 grams of free-range chicken or 150 to 200 grams
of seafood like butterfish, anchovies, small mackerel, shrimps, prawns, or herring.
Finally, two to three raw garlic pods were added to the meal. Optionally, a glass of
buttermilk made from A2 milk curd or coconut milk curd was included.

Vegetable intake at the start of the meal
followed by protein and carbs leads to a
controlled release of glucose in
bloodstream. Omega 3 fatty acids like
EPA and DHA in seafood have anti-
inflammatory properties. Garlic improves
digestion and is a potent antioxidant
[30]. Buttermilk/curd acts as probiotics
and influences glucose absorption.
Polyphenols in vegetables and fruits act
as antioxidant and anti-inflammatory
compounds [30].

Evening
tea and
snacks (if
needed)

Fluids such as ginger lemon tea or turmeric and pepper herbal tea were advised.
Use of organic honey as sweetener in limited quantities was permitted. Coconut
water was advised. Snack options such as protein cookies or sorghum cookies or
one bowl of sprouts/steamed sprouts salad or sprouts dhokla or lentil soup were
advised. Alternatively, seasonal low glycemic index fruits or one bowl of mixed fruit
salad made from citrus fruits was advised [36].

Herbal infusions have anti-inflammatory
and antioxidant effects. Sprouts are
easy on the gut and rich in proteins.
Fruits contain polyphenol compounds
having anti-oxidant effects. Coconut
water is a rich source of electrolytes [30].

Dinner

The first option included a vegetable salad made with cucumber, carrot, onion,
tomato, and radish. One teaspoon of fresh lemon juice was sprinkled on the salad
before consumption. The second option included two boiled eggs, scrambled eggs,
or an egg omelette. Additionally, twice a week, 150 to 200 grams of organic free-
range chicken or 150 to 200 grams of seafood such as butterfish, anchovies, small
mackerel, shrimps, prawns, or herring were consumed. Grains were avoided for
dinner.

Polyphenols in vegetables confer
antioxidant properties. Protein and fats
promote satiety. Omega 3 fatty acids like
EPA and DHA in seafood have anti-
inflammatory properties. Grains are
avoided to prevent insulin spikes close to
bedtime so that it doesn’t interfere with
sleep [30].

TABLE 1: iTHRIVE diet chart for the management of prediabetes and T2DM
EPA: eicosapentaenoic acid; DHA: docosahexaenoic acid; T2DM: type 2 diabetes mellitus
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The second component involved correcting micronutrient deficiencies such as magnesium and vitamin D.
Supplementation with essential micronutrients in recommended dosages was found to resolve nutritional
deficiencies [37]. Magnesium deficiency is found to be associated with metabolic disorders like diabetes.
Magnesium ion plays a major role in carbohydrate metabolism and insulin action [38]. Vitamin D
deficiency alters insulin secretion whereas its replenishment improves glycaemia and IR [38]. Magnesium
glycinate was given in powdered form and taken one scoop before bedtime. One scoop would contain 400
mg of elemental magnesium. Vitamin D dosages were adjusted as per the individual levels of the participants
and were monitored with blood tests. Both the supplements were given under medical supervision and were
checked for toxicity.

Additionally, blood sugar-regulating supplements such as chromium picolinate (400 mcg once a day) and
berberine (500 mg twice a day) or biogymnema (customized dosage) and alpha lipoic acid (300 mg once a
day) were included. The participants were made aware of the benefits of supplementing with these and were
given under medical supervision.

The third component involved adequate physical activity. Daily or routine physical activity spanning for a
period of 30-45 minutes like brisk walking, running, swimming or weight training was also recommended in
the approach. Flexibility and mobility exercises were also advised. These were recommended by the in-house
sports nutritionists and were individualised according to the participants' needs.

The fourth component comprised various stress-reducing modalities like meditation and breathwork for a
period of 15 minutes. The assigned wellness experts would explain the methods and benefits of practising
meditation and deep slow breathing. Pre-recorded audios were shared for guided meditation and breathing
techniques.

The fifth component involved various environmental modifications such as the elimination of sources of
EDCs, reduction of artificial light exposure and optimisation of circadian rhythm. During the consultation
calls, the participants were counselled on the adverse effects of plastics and artificial light exposure and its
effects on beta cell function and insulin secretion. The participants were advised to replace the plastic
containers for food storage or water storage with glass or steel materials so as to reduce the exposure to
endocrine disruptors. It was also advised to reduce exogenous toxin exposure through measures like
swapping chemical-based soaps, shampoos, perfumes, detergents and other personal care products for
natural or organic alternatives. Substitutes like reetha and shikakai were recommended for washing hair. For
circadian rhythm optimisation, the participants were advised to reduce the artificial light exposure from
screens, especially at night time or close to bedtime. They were directed to install blue light filters in their
screens and a digital detox of two to three hours before sleeping was recommended. Moreover, moderate
sun exposure from 11 am to 4 pm (preferably 11 am-1 pm), for 20-30 minutes [39], was also advised.

The intervention lasted for an average period of 90 days starting from June 2021, for each participant. The
participants had real-time access to the team of nutritionists through Whatsapp, where they were able to
converse with them regarding the interventions. The weekly follow-ups were done through online video calls
conducted by the team of functional nutritionists at iTHRIVE, Pune. The tracking of meals, water intake,
supplements, physical activity, mediation practices and sleep time was done for the entire study duration.
During the weekly consultation calls with the participants, the nutritionists would track the improvements
and perform dose adjustments of the supplements wherever necessary. To measure the effectiveness of this
approach, various blood biomarkers for monitoring IR and inflammation were used. Parameters consisted of
diabetes markers such as fasting blood glucose, post prandial blood glucose, HbA1c, fasting serum insulin,
post prandial serum insulin and inflammation markers such as high-sensitivity C-reactive protein (hs-CRP)
and erythrocyte sedimentation rate (ESR). The blood samples were collected before (at the time of
enrollment) and after the intervention (preferably within one month) through the National Accreditation
Board for Testing and Calibration Laboratories (NABL)-accredited partnered lab.

Statistical analysis
The data was analyzed using Microsoft Excel version 2010 (Microsoft® Corp., Redmond, WA, USA) as well as
using built-in functions on Google Sheets for the entire study duration. Descriptive statistics were used to
summarize the clinical characteristics of the patient blood sample. The normality of the data was assessed
using the Shapiro-Wilk test. A paired t-test was used to determine the mean difference in biomarkers pre-
intervention and post-intervention. A p-value of less than 0.05 was considered statistically significant at a
confidence level of 95%.

Results
The mean age of the entire study participants was 43.76±10.58 years; the mean age of female participants
was 42.2±11.50 years and that of male participants was 45.32±9.60 years. There were no dropouts but two
participants failed to report the post-protocol blood analysis. During the preliminary consultation call, it
was revealed that the participants had unhealthy eating patterns, followed minimal to no physical activity

and were overweight as indicated by their average BMI of 28.5 kg/m2. During the three-day diet recall, the
participants revealed that gluten-rich foods, sugars, refined vegetable seed oils and hydrogenated fats, ultra-
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processed foods, and milk and milk products constituted the major portions of their diet. The participants
also reported spending the majority of time indoors without proper sunlight/daylight exposure and it was
reflected in their insufficient average vitamin D levels measured as 27.74 ng/mL [40]. Additionally, they also
mentioned sleeping less than seven hours a day, interrupted sleep patterns at night and usage of devices
such as TV and smartphones close to bedtime.

The blood parameters such as fasting blood glucose, postprandial blood glucose, HbA1c, fasting serum
insulin, postprandial serum insulin and inflammation markers such as hs-CRP and ESR were measured
before and after the intervention (Table 2). Fasting and postprandial plasma glucose levels provide a direct
measure of the glycemic status [41]. Serum insulin level (fasting or postprandial) is an independent
biomarker for the risk of IR [42]. HbA1c gives the average blood sugar level over the past three months [41].
Increased levels of hs-CRP and ESR are better markers of systemic inflammation which is related to
metabolic syndrome like diabetes [41].

Parameters with units Before intervention After intervention p-value

Fasting blood glucose (mg/dL) 109.83 ± 40.71 103.13 ± 25.89 0.0892

Postprandial blood glucose (mg/dL) 140.35 ± 74.47 121.37 ± 39.78 0.0483

HbA1C (%) 6.92 ± 1.95 6.03 ± 0.68 0.0001

Fasting serum insulin (μIU/mL) 16.036 ± 23.02 11.79 ± 9.26 0.1176

Postprandial serum insulin (μIU/mL) 59.93 ± 61.92 42.38 ± 45.87 0.0178

hs-CRP (mg/L) 4.93 ± 5.41 4.62 ± 7.45 0.3887

ESR (mm/hr) 18.96 ± 15.78 13.38 ± 10.28 0.0063

Serum 25-hydroxyvitamin D (ng/mL) 27.74 ± 16.18 31.03 ± 11.91 0.0503

Waist circumference (inches) 37.54 ± 5.09 35.97 ± 4.74 0.0004

Body weight (Kg) 78.59 ± 15.18 75.20 ± 14.20 <0.05

TABLE 2: Blood parameters before and after the intervention.
The statistical analysis was done using a paired t-test. All values are expressed as mean ± standard deviation (n=50).

HbA1C: glycated haemoglobin; hs-CRP: high sensitivity C-reactive protein; ESR: erythrocyte sedimentation rate; mg/dL: milligrams per deciliter; μIU/mL:
microinternational units per millilitre; ng/mL: nanograms per millilitre; mg/L: milligrams per litre; mm/hr: millimetres per hour

Pre-intervention, it was observed that 68% of the participants had HbA1C levels ranging from 5.7% to 6.4%
(prediabetes) while the remaining 32% had HbA1C levels equal to or above 6.5% (diabetes). The average
body weight of the participants before the intervention was 77.6±16.02 kg and the waist circumference was
37.57±5.10 inches.

Throughout the study period, daily tracking of the dietary habits and online follow-up calls revealed that the
participants were able to follow most of the dietary modifications. Participants reported positive gut health
and improved satiety with an elimination diet and including protein-rich sources as part of the addition
diet. They reported regular administration of dietary supplements and blood sugar-regulating supplements
under medical supervision. For those who experienced gastric discomfort with magnesium, the doses were
reduced at the beginning and built up to the required dose with time. Additionally, the participants reported
a boost in their energy levels while incorporating physical activities into their routines. Screen time was
reduced by half an hour as mentioned by the participants in their follow-up calls. They experienced
uninterrupted sleep patterns, especially women and reported that they were able to sleep an extra hour than
usual. They also mentioned quick onset of sleep at night with sunlight exposure for at least 20 minutes and
decreasing artificial light/screen exposure at least half an hour before bedtime. They reported calmness and
relaxation with meditation practices and breathing exercises for about 15 minutes a day. Participants self-
reported their genuine efforts in swapping plastic food containers, non-stick pans, chemical-based personal
care products, etc. with alternatives such as steel food containers, stainless steel or cast iron pans, natural
personal care products, etc.

The blood analysis performed post-intervention corroborated the above-mentioned improvements.
Following the blood analysis, it was observed that the average HbA1c was reduced by 0.85% (p<0.0001),
average postprandial fasting blood glucose levels were reduced by 16.7 mg/dL (p<0.048) and average
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postprandial serum insulin dropped by 14.73 μIU/mL (p<0.017). The average ESR levels showed a difference
of 5.36 mm/hr (p<0.006). Additionally, the average body weight of the participants dropped from 78.59±15.18
kg to 75.20±14.20 kg with a mean loss of 2.91 kg (p<0.05) whereas the waist circumference decreased from
37.54±5.09 inches to 35.97±4.74 inches with an average loss of 1.19 inches (p<0.0004). Moreover, the results
showed a significant increase in vitamin D levels from 27.74 to 31.03 ng/mL (p<0.05) (Table 2).

In the pre-diabetes (HbA1c levels: 5.7% to 6.4%) group, HbA1c levels dropped from 6.05±0.58% to
5.75±0.41% with an average drop of 0.29% (p<0.05). In contrast, in the group with T2DM (HbA1c equal to or
greater than 6.5%), the HbA1c levels dropped from 8.83±2.5% to 6.64±0.75% with an average drop of 2.05%
(p<0.05). Thus, the T2DM group showed significant improvements in HbA1c levels as compared to the
prediabetes group.

However, significant changes were observed in the average body weight and waist circumference pre- and
post-intervention in the prediabetes group as compared with the T2DM group (p>0.05). The average waist
circumference changed from 36.94±4.94 inches to 35.20±4.29 inches with a mean loss of 1.43 inches
(p<0.05). The average body weight also dropped from 78.04±16.27 kg to 74.77±14.24 kg with a mean loss of
3.71 kg (p<0.05). In the T2DM group, the mean weight loss was 1.20 kg and the mean loss in waist
circumference was 0.66 inches which was not statistically significant.

Discussion
The urban Indian population has seen a demographic shift accompanied by an upsurge in sedentary
occupations leading to minimal physical activity. In India, type 2 diabetes, a condition influenced by both
genetic predisposition and sedentary lifestyle choices and a high carbohydrate and highly processed diet, has
become increasingly prevalent in urban Indian settings, replicating the global trends in major metropolitan
cities of the world [43].

The iTHRIVE functional nutrition approach focuses on a millet-based, low carbohydrate, organic, GF diet
with plenty of vegetables and elimination of processed foods, supplementation, physical activities, mental
health and environmental changes targeted at reducing inflammation in the body, thereby improving IR.
Inflammation is the foremost root cause which drives IR and T2DM [3]. Our functional nutrition approach
was followed to observe the changes in the biochemical parameters and thus, assess the improvements in
glycaemic and inflammatory markers.

A similar study was conducted in England where participants were continuously advised to a low
carbohydrate diet over a period of 23 months bringing a weight loss of 8.3 kg and a decrease in HbA1c by
1.6% in the T2DM group. In the prediabetes group, the drop in HbA1c was 0.5% [44]. Another retrospective
study reported significant changes in HbA1c, fasting blood sugar and body weight following a 90-day
personalized intervention program which consists of complex carbohydrates, low glycaemic index,
glycaemic load, and gut-healthy foods followed by regular exercise and lifestyle modification. The study
reported the mean changes in HbA1c, fasting blood sugar and body weight as 1.9±1.5%, 62.2±51.8 mg/dL
and 2.8±1.6 kg respectively [45].

A single-arm real-world observation study denotes that a millet-based intervention diet can cause a
significant decline in blood glucose, HbA1c, oxidative stress and pro-inflammatory cytokines [35]. A meta-
analysis of randomised controlled experimental trials in people with and without diabetes has observed that
pulses like chickpeas, beans, peas, lentils, etc. provide a good source of slowly digestible carbohydrates and
fibre. It was also observed that the pulses like mung beans when sprouted, exhibited improved anti-
inflammatory, antioxidant and anti-diabetic effects [46]. Moreover, intake of organic raw honey has been
found to positively influence body weight and glycemic markers [47].

A review by Mir et al. has suggested the abundance of conjugated linoleic acid, omega-3 fatty acids, β-
carotene, α-tocopherol (vitamin E) and antioxidant enzymes in grass-fed cow’s ghee and significant
amounts of medium chain fatty acids like lauric acid in virgin coconut oil that confers antioxidant,
antithrombotic and anti-inflammatory properties [48]. Another review discusses that coconut oil possesses
antioxidants which improve insulin response in hyperglycemic patients and thereby reduce IR [49].

A prospective cohort study in the US has evidence that such unprocessed red meat was not associated with
diabetes incidence, but processed meats were positively associated with diabetes incidence [50]. Seafood,
both white fish and oily fish, was shown to be beneficial in diabetes which may be attributed to the effect of
omega three fatty acids present in them [30].

A double-blinded randomized study has reported decreased body weight and increased insulin sensitivity in
T2DM patients after taking chromium picolinate supplements [51]. A study done in 2006 reported improved
insulin sensitivity in T2DM patients after oral administration of alpha-lipoic acid 600 mg twice daily for a
period of four weeks. Alpha lipoic acid was found to decrease the oxidative stress in cells and thereby has a
therapeutic use in diabetes [52]. Studies have shown that intake of biogymnema extracts exerts a
hypoglycemic effect through an increase in plasma active glucagon-like peptide (GLP-1) levels [53]. A
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systematic review and meta-analysis of randomized controlled trials have reported strong evidence for the
effectiveness of berberine in lowering blood glucose levels [54]. Since the iTHRIVE approach involved
correcting the nutrient deficiencies with magnesium and vitamin D along with chromium picolinate, alpha
lipoic acid and biogymnema/berberine, it would have led to an overall increase in insulin sensitivity and
reduction in inflammation.

Physical activity has been widely considered as an integral part of T2DM intervention [17]. Resistance
exercises promote skeletal muscle building and increase glucose uptake receptors, thereby promoting
efficient glucose uptake in individuals with T2DM. Aerobic exercises like brisk walking, jogging,
swimming and anaerobic exercises like resistance training increase insulin sensitivity [17]. It has also been
reported that the addition of meditation and slow deep breathing techniques with the exercise regimen
could better improve glycemic control, body weight, blood pressure and waist circumference [17]. It also
contributes to reduced stress and anxiety, improved social relationships and greater adherence to positive
lifestyle and self-care. Consumer products like soaps, shampoos, detergents, personal care products, etc.
contain EDCs which can potentially reduce the insulin sensitivity of target cells [9]. Plastic food containers
have EDCs like bisphenols which alter the β-cell physiology and cause IR [9]. The elimination of such EDCs
becomes indispensable, especially in the context of lifestyle diseases. Moderate sun exposure helps in the
alignment of circadian rhythm and regulates glycemic status [8]. Moreover, it increases vitamin D levels,
known to influence the insulin sensitivity of cells and regulate glucose metabolism [55]. Excessive blue light
exposure at night time disturbs the circadian rhythm of the body. In a diabetic context, it impairs glucose
tolerance and causes an increased sugar intake, resulting in IR [56]. A clinical study has reported that
wearing blue-light shield eyeglasses brought improvements in fasting blood glucose, IR and sleep quality
[57]. The usage of blue blockers or turning screens red would be a practical approach to minimize the
detrimental effects of blue light.

A dose-response meta-analysis has shown an increase in the risk for T2DM corresponding to an increase in
the intake of processed foods from 10% to 15% [13]. The observed decrease in inflammation indicators,
reflected by lower ESR and hs-CRP levels may have been caused, in particular, by the interventions involving
dietary adjustments, exercise, stress management and other lifestyle changes. Reduced HbA1c, postprandial
glucose and postprandial insulin levels suggest that incorporating high-quality protein and moderate
amounts of complex, unprocessed carbs improves blood glucose profiles. The lifestyle and environmental
changes might also have accelerated and augmented the entire benefits by promoting holistic healing on all
levels; however, further studies are needed to confirm these aspects.

The novelty of this pilot study is the adoption of a holistic perspective for tackling prediabetes and diabetes
mellitus through a wellness approach. Additionally, the study is done in an Indian context and the intention
was to ensure that the findings and recommendations are relevant, feasible and easily adoptable for people
living in India. Since this is a pilot study, it restricts the generalisation of the study results. Considering the
protocol to be of a limited duration of 90 days, further follow-up is required to check the sustainability of the
protocol for inflammatory parameters and glycemic parameters.

Conclusions
From the results of our pilot study, it was observed that functional nutrition and lifestyle strategies reduce
systemic inflammation and increase cell sensitivity to insulin, which could ultimately lead to improved
blood sugar and inflammatory markers in prediabetes and T2DM. The improvements were achieved by
implementing healthy dietary habits along with moderate exercise, micronutrient supplementation, stress
management and other environmental changes such as digital detox, reduction of toxins from personal care
products and household products, etc. Thus, the iTHRIVE functional nutrition approach can be
recommended for improving glycemic and inflammatory parameters in T2DM. This study has the potential
to be expanded to a larger cohort size with a diverse population. Further research is warranted to decipher
the effects of lifestyle and environmental factors and how they affect the overall management of prediabetes
and T2DM.

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Anitta Joseph, Radhika Hedaoo, Ria Jain, Mugdha Pradhan

Acquisition, analysis, or interpretation of data:  Anitta Joseph, Ria Jain

Drafting of the manuscript:  Anitta Joseph, Ria Jain

Critical review of the manuscript for important intellectual content:  Radhika Hedaoo, Mugdha
Pradhan

2024 Pradhan et al. Cureus 16(7): e63744. DOI 10.7759/cureus.63744 10 of 13

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


Supervision:  Radhika Hedaoo, Ria Jain, Mugdha Pradhan

Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Institutional Ethics
Committee (IEC) of Symbiosis International University, Pune issued approval SIU/IEC/292. Animal
subjects: All authors have confirmed that this study did not involve animal subjects or tissue. Conflicts of
interest: In compliance with the ICMJE uniform disclosure form, all authors declare the following:
Payment/services info: All authors have declared that no financial support was received from any
organization for the submitted work. Financial relationships: All authors have declared that they have no
financial relationships at present or within the previous three years with any organizations that might have
an interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

Acknowledgements
Radhika Hedaoo, Anitta Joseph and Ria Jain contributed equally to the work and should be considered co-
first authors.

References
1. Pradeepa R, Mohan V: Epidemiology of type 2 diabetes in India . Indian J Ophthalmol. 2021, 69:2932-8.

10.4103/ijo.IJO_1627_21
2. Galicia-Garcia U, Benito-Vicente A, Jebari S, et al.: Pathophysiology of type 2 diabetes mellitus . Int J Mol

Sci. 2020, 21:6275. 10.3390/ijms21176275
3. Oguntibeju OO: Type 2 diabetes mellitus, oxidative stress and inflammation: examining the links . Int J

Physiol Pathophysiol Pharmacol. 2019, 11:45-63.
4. Kolb H, Martin S: Environmental/lifestyle factors in the pathogenesis and prevention of type 2 diabetes .

BMC Med. 2017, 15:131. 10.1186/s12916-017-0901-x
5. Romao I, Roth J: Genetic and environmental interactions in obesity and type 2 diabetes . J Am Diet Assoc.

2008, 108:S24-8. 10.1016/j.jada.2008.01.022
6. Schellenberg ES, Dryden DM, Vandermeer B, Ha C, Korownyk C: Lifestyle interventions for patients with

and at risk for type 2 diabetes: a systematic review and meta-analysis. Ann Intern Med. 2013, 159:543-51.
10.7326/0003-4819-159-8-201310150-00007

7. Hu FB, Manson JE, Stampfer MJ, Colditz G, Liu S, Solomon CG, Willett WC: Diet, lifestyle, and the risk of
type 2 diabetes mellitus in women. N Engl J Med. 2001, 345:790-7. 10.1056/NEJMoa010492

8. Delpino FM, Figueiredo LM, Bielemann RM, et al.: Ultra-processed food and risk of type 2 diabetes: a
systematic review and meta-analysis of longitudinal studies. Int J Epidemiol. 2021, 51:1120-41.

9. Meng Y, Li S, Khan J, et al.: Sugar- and artificially sweetened beverages consumption linked to type 2
diabetes, cardiovascular diseases, and all-cause mortality: a systematic review and dose-response meta-
analysis of prospective cohort studies. Nutrients. 2021, 13:2636. 10.3390/nu13082636

10. Dayı T, Özsoy S: A review: are some diet models beneficial or harmful for type II diabetes mellitus? . Cyprus J
Med Sci. 2023, 8:241-9. 10.4274/cjms.2023.2023-9

11. Maurano F, Mazzarella G, Luongo D, et al.: Small intestinal enteropathy in non-obese diabetic mice fed a
diet containing wheat. Diabetologia. 2005, 48:931-7. 10.1007/s00125-005-1718-2

12. Piper JL, Gray GM, Khosla C: Effect of prolyl endopeptidase on digestive-resistant gliadin peptides in vivo . J
Pharmacol Exp Ther. 2004, 311:213-19. 10.1124/jpet.104.068429

13. Stern M, Ciclitira PJ, van Eckert R, et al.: Analysis and clinical effects of gluten in coeliac disease . Eur J
Gastroenterol Hepatol. 2001, 13:741-7. 10.1097/00042737-200106000-00023

14. Soares FL, de Oliveira Matoso R, Teixeira LG, et al.: Gluten-free diet reduces adiposity, inflammation and
insulin resistance associated with the induction of PPAR-alpha and PPAR-gamma expression. J Nutr
Biochem. 2013, 24:1105-11. 10.1016/j.jnutbio.2012.08.009

15. Marietta EV, Gomez AM, Yeoman C, et al.: Low incidence of spontaneous type 1 diabetes in non-obese
diabetic mice raised on gluten-free diets is associated with changes in the intestinal microbiome. PLoS One.
2013, 8:e78687. 10.1371/journal.pone.0078687

16. Wu J, Wang Y, Xiao X, Shang X, He M, Zhang L: Spatial analysis of incidence of diagnosed type 2 diabetes
mellitus and its association with obesity and physical inactivity. Front Endocrinol (Lausanne). 2021,
12:755575. 10.3389/fendo.2021.755575

17. Obaya HE, Abdeen HA, Salem AA, et al.: Effect of aerobic exercise, slow deep breathing and mindfulness
meditation on cortisol and glucose levels in women with type 2 diabetes mellitus: a randomized controlled
trial. Front Physiol. 2023, 14:1186546. 10.3389/fphys.2023.1186546

18. Haverinen E, Fernandez MF, Mustieles V, Tolonen H: Metabolic syndrome and endocrine disrupting
chemicals: an overview of exposure and health effects. Int J Environ Res Public Health. 2021, 18:13047.
10.3390/ijerph182413047

19. Caliman FA, Gavrilescu M: Pharmaceuticals, personal care products and endocrine disrupting agents in the
environment - a review. CLEAN - Soil, Air, Water. 2009, 37:277-303. 10.1002/clen.200900038

20. Masís-Vargas A, Hicks D, Kalsbeek A, Mendoza J: Blue light at night acutely impairs glucose tolerance and
increases sugar intake in the diurnal rodent Arvicanthis ansorgei in a sex-dependent manner. Physiol Rep.
2019, 7:e14257. 10.14814/phy2.14257

21. Peng X, Fan R, Xie L, et al.: A growing link between circadian rhythms, type 2 diabetes mellitus and
Alzheimer’s disease. Int J Mol Sci. 2022, 23:504. 10.3390/ijms23010504

22. Kahn LG, Philippat C, Nakayama SF, Slama R, Trasande L: Endocrine-disrupting chemicals: implications for
human health. Lancet Diabetes Endocrinol. 2020, 8:703-18. 10.1016/S2213-8587(20)30129-7

2024 Pradhan et al. Cureus 16(7): e63744. DOI 10.7759/cureus.63744 11 of 13

https://dx.doi.org/10.4103/ijo.IJO_1627_21?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/ijo.IJO_1627_21?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/ijms21176275?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/ijms21176275?utm_medium=email&utm_source=transaction
https://pubmed.ncbi.nlm.nih.gov/31333808/?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12916-017-0901-x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12916-017-0901-x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jada.2008.01.022?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jada.2008.01.022?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7326/0003-4819-159-8-201310150-00007?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7326/0003-4819-159-8-201310150-00007?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1056/NEJMoa010492?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1056/NEJMoa010492?utm_medium=email&utm_source=transaction
https://pubmed.ncbi.nlm.nih.gov/34904160/?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/nu13082636?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/nu13082636?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4274/cjms.2023.2023-9?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4274/cjms.2023.2023-9?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00125-005-1718-2?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00125-005-1718-2?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1124/jpet.104.068429?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1124/jpet.104.068429?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/00042737-200106000-00023?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/00042737-200106000-00023?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jnutbio.2012.08.009?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jnutbio.2012.08.009?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1371/journal.pone.0078687?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1371/journal.pone.0078687?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fendo.2021.755575?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fendo.2021.755575?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fphys.2023.1186546?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fphys.2023.1186546?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/ijerph182413047?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/ijerph182413047?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/clen.200900038?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/clen.200900038?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.14814/phy2.14257?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.14814/phy2.14257?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/ijms23010504?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/ijms23010504?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S2213-8587(20)30129-7?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S2213-8587(20)30129-7?utm_medium=email&utm_source=transaction


23. Parameswaran G, Ray DW: Sleep, circadian rhythms, and type 2 diabetes mellitus . Clin Endocrinol (Oxf).
2022, 96:12-20. 10.1111/cen.14607

24. Botros N, Concato J, Mohsenin V, Selim B, Doctor K, Yaggi HK: Obstructive sleep apnea as a risk factor for
type 2 diabetes. Am J Med. 2009, 122:1122-7. 10.1016/j.amjmed.2009.04.026

25. Martínez Steele E, Baraldi LG, Louzada ML, Moubarac JC, Mozaffarian D, Monteiro CA: Ultra-processed
foods and added sugars in the US diet: evidence from a nationally representative cross-sectional study. BMJ
Open. 2016, 6:e009892. 10.1136/bmjopen-2015-009892

26. Moradi S, Hojjati Kermani MA, Bagheri R, et al.: Ultra-processed food consumption and adult diabetes risk: a
systematic review and dose-response meta-analysis. Nutrients. 2021, 13:4410. 10.3390/nu13124410

27. Maruyama K, Oshima T, Ohyama K: Exposure to exogenous estrogen through intake of commercial milk
produced from pregnant cows. Pediatr Int. 2010, 52:33-8. 10.1111/j.1442-200X.2009.02890.x

28. Hoppe C, Mølgaard C, Vaag A, Barkholt V, Michaelsen KF: High intakes of milk, but not meat, increase s-
insulin and insulin resistance in 8-year-old boys. Eur J Clin Nutr. 2005, 59:393-8. 10.1038/sj.ejcn.1602086

29. Pan A, Sun Q, Manson JE, Willett WC, Hu FB: Walnut consumption is associated with lower risk of type 2
diabetes in women. J Nutr. 2013, 143:512-18. 10.3945/jn.112.172171

30. Alkhatib A, Tsang C, Tiss A, et al.: Functional foods and lifestyle approaches for diabetes prevention and
management. Nutrients. 2017, 9:1310. 10.3390/nu9121310

31. Dasa F, Abera T: Why fried food is unhealthy: heat induced food toxicants and associated health risks . J
Agric Sci Food Technol. 2019, 5:32-41.

32. González-Salazar LE, Pichardo-Ontiveros E, Palacios-González B, et al.: Effect of the intake of dietary
protein on insulin resistance in subjects with obesity: a randomized controlled clinical trial. Eur J Nutr.
2021, 60:2435-47. 10.1007/s00394-020-02428-5

33. Seetaloo AD, Aumeeruddy MZ, Rengasamy Kannan RR, Mahomoodally MF: Potential of traditionally
consumed medicinal herbs, spices, and food plants to inhibit key digestive enzymes geared towards diabetes
mellitus management - a systematic review. S Afr J Bot. 2019, 120:3-24. 10.1016/j.sajb.2018.05.015

34. Venkatakrishnan K, Chiu H-F, Wang C-K: Popular functional foods and herbs for the management of type-
2-diabetes mellitus: a comprehensive review with special reference to clinical trials and its proposed
mechanism. J Funct Foods. 2019, 57:425-38. 10.1016/j.jff.2019.04.039

35. Chauhan A, Singh R, Fedacko J, et al.: Effects of millet based functional foods rich diet on coronary risk
factors among subjects with diabetes mellitus: a single arm real world observation from hospital registry.
MOJ Pub Health. 2020, 9:18-25. 10.15406/mojph.2020.09.00318

36. Jenkins DJ, Srichaikul K, Kendall CW, et al.: The relation of low glycaemic index fruit consumption to
glycaemic control and risk factors for coronary heart disease in type 2 diabetes. Diabetologia. 2011, 54:271-
9. 10.1007/s00125-010-1927-1

37. Ames BN: A role for supplements in optimizing health: the metabolic tune-up . Arch Biochem Biophys.
2004, 423:227-34. 10.1016/j.abb.2003.11.002

38. Huang W, Ma X, Liang H, et al.: Dietary magnesium intake affects the association between serum vitamin D
and type 2 diabetes: a cross-sectional study. Front Nutr. 2021, 8:763076. 10.3389/fnut.2021.763076

39. Marwaha RK, Yenamandra VK, Sreenivas V, et al.: Regional and seasonal variations in ultraviolet B
irradiation and vitamin D synthesis in India. Osteoporos Int. 2016, 27:1611-17. 10.1007/s00198-015-3427-0

40. Grant WB, Holick MF: Benefits and requirements of vitamin D for optimal health: a review . Altern Med Rev.
2005, 10:94-111.

41. Elimam H, Abdulla AM, Taha IM: Inflammatory markers and control of type 2 diabetes mellitus . Diabetes
Metab Syndr. 2019, 13:800-4. 10.1016/j.dsx.2018.11.061

42. Lautt WW: Postprandial insulin resistance as an early predictor of cardiovascular risk . Ther Clin Risk
Manag. 2007, 3:761-70.

43. Chandrupatla SG, Khalid I, Muthuluri T, Dantala S, Tavares M: Diabetes and prediabetes prevalence among
young and middle-aged adults in India, with an analysis of geographic differences: findings from the
National Family Health Survey. Epidemiol Health. 2020, 42:e2020065. 10.4178/epih.e2020065

44. Unwin D, Khalid AA, Unwin J, et al.: Insights from a general practice service evaluation supporting a lower
carbohydrate diet in patients with type 2 diabetes mellitus and prediabetes: a secondary analysis of routine
clinic data including HbA1c, weight and prescribing over 6 years. BMJ Nutr Prev Health. 2020, 3:285-94.
10.1136/bmjnph-2020-000072

45. Goyal Mehra C, Raymond AM, Prabhu R: A personalized multi-interventional approach focusing on
customized nutrition, progressive fitness, and lifestyle modification resulted in the reduction of HbA1c,
fasting blood sugar and weight in type 2 diabetes: a retrospective study. BMC Endocr Disord. 2022, 22:290.
10.1186/s12902-022-01212-2

46. Sievenpiper JL, Kendall CW, Esfahani A, et al.: Effect of non-oil-seed pulses on glycaemic control: a
systematic review and meta-analysis of randomised controlled experimental trials in people with and
without diabetes. Diabetologia. 2009, 52:1479-95. 10.1007/s00125-009-1395-7

47. Abdulrhman MA: Honey as a sole treatment of type 2 diabetes mellitus . Endocrinol Metab Syndr. 2016, 5:10-
4172.

48. Mir SH, Ahmad H, Ganai A, Lone S, Ganaie B, Malik T: Role of pastures in value addition of animal
products: a review. Int J Livest Res. 2018, 8:35. 10.5455/ijlr.20170818115235

49. Siddalingaswamy M, Rayaorth A, Khanum F: Anti-diabetic effects of cold and hot extracted virgin coconut
oil. J Diabetes Mellit. 2011, 1:118-23. 10.4236/jdm.2011.14016

50. Fretts AM, Howard BV, McKnight B, et al.: Associations of processed meat and unprocessed red meat intake
with incident diabetes: the Strong Heart Family Study. Am J Clin Nutr. 2012, 95:752-8.
10.3945/ajcn.111.029942

51. Martin J, Wang ZQ, Zhang XH, Wachtel D, Volaufova J, Matthews DE, Cefalu WT: Chromium picolinate
supplementation attenuates body weight gain and increases insulin sensitivity in subjects with type 2
diabetes. Diabetes Care. 2006, 29:1826-32. 10.2337/dc06-0254

52. Kamenova P: Improvement of insulin sensitivity in patients with type 2 diabetes mellitus after oral
administration of alpha-lipoic acid. Hormones (Athens). 2006, 5:251-8. 10.14310/horm.2002.11191

2024 Pradhan et al. Cureus 16(7): e63744. DOI 10.7759/cureus.63744 12 of 13

https://dx.doi.org/10.1111/cen.14607?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/cen.14607?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.amjmed.2009.04.026?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.amjmed.2009.04.026?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/bmjopen-2015-009892?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/bmjopen-2015-009892?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/nu13124410?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/nu13124410?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1442-200X.2009.02890.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1442-200X.2009.02890.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/sj.ejcn.1602086?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/sj.ejcn.1602086?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3945/jn.112.172171?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3945/jn.112.172171?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/nu9121310?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/nu9121310?utm_medium=email&utm_source=transaction
https://www.researchgate.net/profile/Fikiru-Dasa/publication/344019496_Why_Fried_Food_is_Unhealthy_Heat_Induced_Food_Toxicants_and_Associated_Health_Risks/links/6410ccf5315dfb4cce7d02a8/Why-Fried-Food-is-Unhealthy-Heat-Induced-Food-Toxicants-and-Associated-Health-Risks.pdf?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00394-020-02428-5?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00394-020-02428-5?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.sajb.2018.05.015?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.sajb.2018.05.015?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jff.2019.04.039?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jff.2019.04.039?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.15406/mojph.2020.09.00318?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.15406/mojph.2020.09.00318?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00125-010-1927-1?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00125-010-1927-1?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.abb.2003.11.002?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.abb.2003.11.002?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fnut.2021.763076?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fnut.2021.763076?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00198-015-3427-0?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00198-015-3427-0?utm_medium=email&utm_source=transaction
https://pubmed.ncbi.nlm.nih.gov/15989379/?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.dsx.2018.11.061?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.dsx.2018.11.061?utm_medium=email&utm_source=transaction
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2376071/?utm_medium=email&utm_source=transaction#:~:text=Postprandial hyperglycemia%2C hyperinsulinemia%2C hyperlipidemia and,HISS in response to insulin.
https://dx.doi.org/10.4178/epih.e2020065?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4178/epih.e2020065?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/bmjnph-2020-000072?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/bmjnph-2020-000072?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12902-022-01212-2?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12902-022-01212-2?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00125-009-1395-7?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00125-009-1395-7?utm_medium=email&utm_source=transaction
https://apitherapy.com/wp-content/uploads/2021/07/Honey-as-a-sole-treatment-of-type-2-diabetes-mellitus.pdf?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5455/ijlr.20170818115235?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5455/ijlr.20170818115235?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4236/jdm.2011.14016?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4236/jdm.2011.14016?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3945/ajcn.111.029942?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3945/ajcn.111.029942?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2337/dc06-0254?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2337/dc06-0254?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.14310/horm.2002.11191?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.14310/horm.2002.11191?utm_medium=email&utm_source=transaction


53. Kosaraju J, Dubala A, Chinni S, Khatwal RB, Satish Kumar MN, Basavan D: A molecular connection of
Pterocarpus marsupium, Eugenia jambolana and Gymnema sylvestre with dipeptidyl peptidase-4 in the
treatment of diabetes. Pharm Biol. 2014, 52:268-71. 10.3109/13880209.2013.823550

54. Guo J, Chen H, Zhang X, et al.: The effect of berberine on metabolic profiles in type 2 diabetic patients: a
systematic review and meta-analysis of randomized controlled trials. Oxid Med Cell Longev. 2021,
2021:2074610. 10.1155/2021/2074610

55. Patwardhan VG, Mughal ZM, Chiplonkar SA, et al.: Duration of casual sunlight exposure necessary for
adequate vitamin D status in Indian men. Indian J Endocrinol Metab. 2018, 22:249-55.
10.4103/ijem.IJEM_473_17

56. Mason IC, Qian J, Adler GK, Scheer FA: Impact of circadian disruption on glucose metabolism: implications
for type 2 diabetes. Diabetologia. 2020, 63:462-72. 10.1007/s00125-019-05059-6

57. Nagai N, Ayaki M, Yanagawa T, et al.: Suppression of blue light at night ameliorates metabolic abnormalities
by controlling circadian rhythms. Invest Ophthalmol Vis Sci. 2019, 60:3786-93. 10.1167/iovs.19-27195

2024 Pradhan et al. Cureus 16(7): e63744. DOI 10.7759/cureus.63744 13 of 13

https://dx.doi.org/10.3109/13880209.2013.823550?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3109/13880209.2013.823550?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1155/2021/2074610?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1155/2021/2074610?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/ijem.IJEM_473_17?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/ijem.IJEM_473_17?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00125-019-05059-6?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00125-019-05059-6?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1167/iovs.19-27195?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1167/iovs.19-27195?utm_medium=email&utm_source=transaction

	Charting Wellness in India: Piloting the iTHRIVE’s Functional Nutrition Approach to Improve Glycaemic and Inflammatory Parameters in Prediabetes and Type 2 Diabetes Mellitus
	Abstract
	Introduction
	Methods
	Results
	Conclusions

	Introduction
	Materials And Methods
	Study participants
	Functional nutrition approach
	FIGURE 1: Outline of iTHRIVE functional nutrition approach for improving glycaemic and inflammatory parameters in prediabetes and type 2 diabetes mellitus
	TABLE 1: iTHRIVE diet chart for the management of prediabetes and T2DM

	Statistical analysis

	Results
	TABLE 2: Blood parameters before and after the intervention.

	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures
	Acknowledgements

	References


