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Abstract 
It is well known that Diabetes Specific Nutritional Supplements (DSNSs) are 
linked to improved glycemic control in individuals with diabetes. However, 
data on efficacy of DSNSs in prediabetics is limited. This was a two-armed, 
open-labelled, randomized controlled six-week study on 199 prediabetics [30 - 
65 years; Glycosylated Hemoglobin (HbA1c) 5.7% - 6.4% and/or Fasting 
Blood Glucose (FBG) 100-125 mg/dl]. Two parallel phases were conducted: 
Acute Blood Glucose Response (ABGR) and Intervention phase. Prediabetic 
participants were randomized into test (n = 100) and control (n = 99). The 
primary objective was to assess the ABGR of DSNS versus an isocaloric snack, 
measured by incremental Area under the Curve (iAUC). Test and control 
received 60 g of DSNS and 56 g of isocaloric snack (cornflakes) respectively, 
both in 250 ml double-toned milk on visit days 1, 15, 29 and 43. Postprandial 
Blood Glucose (PPG) was estimated at 30, 60, 90, 120, 150 and 180 minutes. 
During the 4 weeks intervention phase, the test group received DSNS with 
lifestyle counselling (DSNS + LC) and was compared with the control receiv-
ing lifestyle counselling alone (LC alone). Impact was studied on FBG, HbA1C, 
anthropometry, body composition, blood pressure, nutrient intake, and physi-
cal activity. The impact of DSNS was also studied using CGM between two 
14-day phases: CGM1 baseline (days 1 - 14) and CGM2 endline (days 28 - 42). 
DSNS showed significantly lower PPG versus isocaloric snack at 30 (p < 0.0001), 
60 (p < 0.0001), 90 (p < 0.0001), 120 (p < 0.05) and 150 (p < 0.05) minutes on  
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all visit days. iAUC for 0 - 180 minutes was significantly lower (p < 0.0001) for 
DSNS as compared to control for all visit days. Post 4-week intervention, 
both DSNS + LC and LC alone reported significant reductions in FBG, BMI, 
waist circumference, and BP versus baseline. DSNS + LC reported a significant 
reduction in weight from baseline. Significantly higher intakes of protein, cal-
cium, iron, vitamin B12, and chromium were reported by DSNS + LC versus 
LC alone. No other significant changes were reported between groups. It may 
be concluded that DSNS may be considered as a snack for prediabetic or hy-
perglycemic individuals requiring nutritional support for improved glycemic 
control. 
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Diabetes Specific Nutritional Supplement, Prediabetes, Acute Blood Glucose 
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1. Introduction 

Prediabetes is characterized as an intermediary stage with glycemic parameters 
above normal but below the diabetes threshold [1]-[4]. According to the Ameri-
can Diabetes Association, prediabetes is diagnosed with impaired glucose toler-
ance (2 hours after 75 g oral glucose load: 140 - 199 mg/dL)/or glycosylated he-
moglobin (HbA1C: 5.7% - 6.4%) or fasting blood glucose (FBG: 100 - 125 mg/dL) 
[3] [5]. 

Globally, 10.5% of the adult population has diabetes, with another half una-
ware that they are living with the condition. This number is projected to rise to 
643 million by 2030 [6]. The global prevalence of Impaired Fasting Glucose (IFG) 
in 2021 was 5.8% and is projected to rise to 6.5% in 2045 [7]. The prevalence of 
diabetes in India is 11.4% and prediabetes is 15.3% [8]. About 24.5% of the pop-
ulation is diagnosed with impaired fasting glucose with a conversion rate of 5% - 
10% of developing diabetes [9] [10]. Besides being a precursor for Type 2 Dia-
betes Mellitus (T2DM), prediabetes is a strong predictor of cardiovascular dis-
ease, including hypertension and hyperlipidemia [11] [12], renal diseases [13], 
retinopathy [14], neuropathy [15], and all-cause mortality [12]. 

Lifestyle modifications and anti-diabetic drug treatment are general methods 
used for treatment of diabetes [3] [16]. However, lifestyle modifications including 
diet and physical activity form the first line of treatment for reducing the inci-
dence of diabetes [17]-[21], prediabetes [22]-[24], and improving impaired glu-
cose tolerance by 27% - 58% [25] [26]. Pharmacological treatment (mainly met-
formin) has also shown beneficial results in reversing hyperglycemia [18]. Evi-
dence has shown that lifestyle modification that includes weight loss and exer-
cise had a larger benefit than metformin in prediabetics [4] [24] [27] [28]. Over 
the years, studies have shown that dietary modifications and increased physical 
activity slow down the progression of individuals with prediabetes [29] [30]. How-
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ever, compliance with lifestyle modifications for a longer period of time can be a 
crucial problem [31]-[33], especially in developing countries. 

Lifestyle Counselling (LC) is an integral part of Medical Nutrition Therapy 
(MNT) for prevention and management of diabetes and prediabetes, with goals 
of promoting and supporting healthy eating patterns, maintaining the pleasure 
of eating, improving sleep quality, and providing the individuals with the neces-
sary support for healthy lifestyle [5] [34] [35]. Indian diets are generally character-
ized as high in saturated fat, trans fat, and refined carbohydrates [36]-[38]. Evi-
dence from a recent systematic review has shown that Diabetes Specific Nutri-
tional Supplement (DSNS) as a meal/snack replacement led to reduced glycemic 
and insulin excursions when compared to standard formulas and other foods. 
These also showed improvements in lipid profile and cardiometabolic indicators 
[39]. 

DSNSs are usually low in carbohydrates, high in Monounsaturated Fatty Ac-
ids (MUFA), protein, fiber, and rich in micronutrients, thus have low Glycemic 
Index (GI), which renders them suitable for individuals with diabetes or predia-
betes, at risk of hyperglycemia. The DSNSs are mostly rich in micronutrients 
and could subtly shift the daily nutrient intake to the recommended levels aiding 
in glycemic control [40]-[44]. The majority of the studies on prediabetics were 
focused on single or a limited combination of nutrients [45]-[50] with limited data 
on multiple micronutrient-fortified supplements. 

There is enough evidence reporting that DSNS significantly improved glycemic 
control, and reduced HbA1c, body weight, and waist circumference, among over-
weight and obese diabetic participants [26] [44] [51]-[57]. Studies have shown that 
DSNSs reduce post-prandial elevation in diabetic subjects as measured by incre-
mental Area under Curve (iAUC) [58]-[62]. The Area under the Curve (AUC) is 
the geometric mean value to quantify the total increased blood glucose after 
consuming any food over time [63]. It is recognized as an important measure to 
understand acute blood glucose responses after consuming a food or meal in dia-
betic research [5] [63]. Evidence has shown that iAUC curve is lower for high 
fiber or low carbohydrate meals as compared to standard meals indicating lower 
blood glucose elevation [64], suggesting it to be used as an important measure in 
assessing efficacy of DSNSs. However, studies on efficacy of DSNSs on health 
status of prediabetic individuals are limited [26] [58] [65] [66]. The primary ob-
jective of the present study was to assess the ABGR of a DSNS versus an isoca-
loric snack, as measured by iAUC in prediabetic adults. Secondary objectives in-
cluded studying the efficacy of DSNS + LC versus LC alone post four weeks on 
FBG, anthropometry, body composition, blood pressure, nutrient intake, physical 
activity, and continuous glucose monitoring indicators. 

2. Methodology 

This was a two-armed, open-labelled, randomized, controlled six-week, single-center 
study conducted among 199 prediabetic participants. The study was conducted 
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according to the principles and requirements of the Declaration of Helsinki and 
was consistent with the International Council for Harmonization of Technical 
Requirements for Pharmaceuticals for Human Use (ICH) Guidance on Good Clin-
ical Practice (2019) [67] and Indian Council of Medical Research ethical guide-
lines. The study was reviewed and approved by the Institutional Ethics Commit-
tee of the study site. All participants provided written informed consent. The 
study was explained in detail along with potential benefits and risks to them and 
their families. The study was registered at Clinical Trials Registry India with reg-
istration number CTRI/2023/02/049511 (Available at  
https://ctri.nic.in/Clinicaltrials/pmaindet2.php?trialid=79873&EncHid=&userNa
me=CTRI/2023/02/049511). The flow chart for study design is shown in Figure 1. 

 

 
Figure 1. Flow chart of study design. N = total number of participants, n = number of 
participants in each group. DSNS: Diabetes Specific Nutritional Supplement; LC: Lifestyle 
Counselling; CGM: Continuous Glucose Monitoring; iAUC: incremental Area under 
Curve; ITT: Intention to Treat Analysis; PP: Per Protocol. 

2.1. Study Design and Participants 

Prediabetic participants (n = 200), both males and females (non-pregnant/ 
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non-lactating), between 30 - 65 years of age were recruited in the study. Predia-
betes was diagnosed on HbA1C ≥ 5.7% to ≤6.4% and/or fasting blood glucose 
between 100 - 125 mg/dl [5] [27]. The participants who were not receiving any 
anti-diabetic medication and willing to consent were recruited in the study. Par-
ticipants who had BMI < 18.0 and >32.5 kg/m2, or had any acute infections, eat-
ing disorders, or were taking any medication that could have profoundly affected 
blood glucose, were habitual substance abuse (alcohol, smoking, tobacco) con-
sumers or had any known history of kidney or liver diseases in past 3 months 
were excluded at the screening. 

The sample size was calculated considering an average 10% change in iAUC as 
outcome, 80% power and an alpha of 0.05 and with a dropout rate of 10%, mak-
ing a total sample size to be 126 (n = 63 in each arm of the study). In total, 1286 
participants were screened, out of which 992 did not meet the inclusion/exclusion 
criteria. Considering dropouts, two hundred participants were finally recruited 
after receiving consent for the study. They were randomized into test and con-
trol groups according to a schedule generated using SAS® statistical software 
(Version: 9.4; SAS Institute Inc., USA). One participant from the control group 
dropped out after randomization. Thus, a total of 199 participants [test (n = 
100) and control (n = 99)] participated in this parallel phase study (Figure 1). 
The study was conducted in two parallel phases for 6 weeks: Acute Blood Glu-
cose Response (ABGR) and Intervention phase including Continuous Glucose 
Monitoring (CGM). The same participants were involved in both phases (Figure 
1). 

2.2. Study Product 

The test DSNS is a low GI [68] nutrition supplement (Horlicks Diabetes Plus 
provided by Hindustan Unilever Limited). It is a dual fiber blend (Nutriose® and 
Fibersol®) formulation containing 22% soluble fiber and with a high MUFA com-
position (70% of total fatty acids delivering ~18% of energy). It delivers 13 
vitamins and 7 minerals (≥15% RDA) along with the three macronutrients and 
fiber (refer Table S1 for nutrient Composition of DSNS). The carbohydrate deliv-
ers 40%, fiber 12%, protein 23% and fat 25% of total energy. This formula has been 
designed in line with the ICMR-INDIAB 2021 recommendations for Type 2 Dia-
betes (T2D) remission and prevention of progression to T2D in prediabetic and 
Normal Glucose Tolerance (NGT) individuals [38]. 

2.3. Acute Blood Glucose Response (ABGR) Phase 

ABGR phase was conducted on four visit days during the study. During each 
visit, participants reported at the clinical site on the previous day evening and 
were provided with a standard dinner. It was ensured that the time of food ad-
ministration was kept nearly the same for all the participants (window period ± 
1 hour). Participants were to consume their meal at the latest by 10 pm and were 
required to stay overnight on-site to maintain fasting for nearly 10 hours. On 
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visit days 1, 15, 29, and 43, FBG was obtained by withdrawing fingertip capillary 
blood through finger prick method and using validated Hemocue 201+. The 
FBG sample was collected prior to product administration [15 mins (±2 mins)]. 
Pre-weighed 60 g DSNS in 250 ml of double toned milk was provided to the test 
group (n = 100). Isocaloric snack of 56 g of cornflakes in 250 ml of double toned 
milk was provided to the control group (n = 99). The participants were instructed 
to consume the same within 15-minutes. Participants did not consume anything 
for the next 180 min (till the last 180 min. blood sample was drawn). After ad-
ministration of test product/isocaloric snack, estimation of Postprandial Glucose 
(PPG) was performed at 30, 60, 90, 120, 150 and 180 min (±2 minutes) and it was 
recorded. The details of the test (DSNS) and control (isocaloric snack) products 
are presented in Table 1. 
 
Table 1. Nutrient composition of DSNS and isocaloric snack. 

 Acute blood glucose response a phase Intervention phase 

Nutrients DSNS (60 g)* 
Isocaloric snack 

(56 g cornflakes)* 
DSNS (60 g)** 

Energy (Kcal) 331.1 329.5 213.6 

Protein (g) 20.3 12.0 12.0 

Fat (g) 9.8 4.3 6.0 

Carbohydrate (g) 33.8 61.1 21.3 

Fibre (g) 13.2 1.4 13.2 

Note: aAssessed on days 1, 15, 29 and 43. *In 250 mL double toned milk. **In 200 ml 
warm water. DSNS is a micronutrient fortified supplement rich in vitamins and minerals. 

 
Initially, for the ABGR phase, the DSNS (60 g) was administered in water and 

isocaloric snack of 28 g of cornflakes in 200 ml of toned milk. During the first 
day (visit 2) for the first set of participants (n = 57; not included in the analysis 
for ABGR phase), the study team received feedback that participants felt hungry 
even after consuming the test and control products, likely due to the overnight 
fast. Also, the participants could not consume anything for the next 180 mins post 
the product administration. Hence, to support study compliance, smooth ethical 
conduct, and to improve the wholesomeness of both test and control snacks, the 
DSNS (60 g) was agreed to be reconstituted in 250 ml double toned milk. To 
match the energy delivery in control group, 56 g of cornflakes were administered 
in 250 ml double toned milk. This was well accepted by the following study par-
ticipants. 

2.4. Intervention Phase 
2.4.1. DSNS + LC versus LC Alone 
This phase was conducted to assess the impact of the DSNS along with lifestyle 
counselling (DSNS + LC) versus lifestyle counselling alone (LC alone) in predia-
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betic adults (Figure 2) post 4 weeks of intervention. At the baseline, data on FBG, 
Hb1Ac, body weight, height, BMI, body composition, blood pressure, along with 
demography, medical history, 24 hours dietary recall and physical activity ques-
tionnaire were collected. The actual intervention phase for DSNS + LC versus 
LC alone was for 4 weeks (28 days) from day 15 to day 42 with three visits in 
between visit 3 (day 15), visit 4 (day 29) and visit 5 (day 43, endline). The test 
group participants received DSNS + LC while the control group received LC 
alone during the intervention phase. All subjects were reassessed on the above 
parameters on visits days which coincided with their ABGR assessments visits. 

The participants in DSNS + LC group were provided with a 14 day supply of 
DSNS sachets and counselled on method of reconstitution for consumption at 
home (Table 1) on day 15 and reconfirmed on Day 29. The participants were 
instructed to consume the DSNS twice a day (30 g each time with 200 ml warm 
water)—before breakfast and during early evening (between lunch and dinner). 
Shakers were provided to participants to ensure accurate dilution and compliance 
with consumption. The compliance was ensured by regular telephonic follow-ups 
and collecting empty sachets by the study staff before the next batch of sachets 
was handed over to the participants on day 28 (visit 4). The second batch of 
empty sachets was collected on day 42 (visit 5). The LC sessions were conducted 
twice (on days 15 and 29), for all participants during the intervention phase. The 
product compliance was 100% among study completers. The LC sessions focused 
on the importance of having a balanced diet, carbohydrate sources, reducing 
simple sugars and fats, increasing protein and fiber intake along with increasing 
intakes of fruits and vegetables. The sessions also emphasized daily walk at least 
for 30 minutes. 

Body weight was measured to the nearest 0.1 kg using digital weighing scale 
(BodySCAN™ HBF 214 AP, Omron). Height was measured using a stadiometer 
(26SM, Biocon) to the nearest 0·1 cm. Body Mass Index (BMI) was calculated as  

 

 

Figure 2. Intervention phase of the study. 
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weight (kg)/height (m2). Waist Circumference (WC) was measured midway be-
tween the iliac crest and the lowermost margin of the ribs, with the subject breath-
ing normally using a non-stretchable tape. Body fat percentage (%) and skeletal 
mass (kg) were estimated using BodySCAN™ HBF-214 Body Composition Mon-
itor (Omron). Systolic and diastolic blood pressure was measured using calibrated 
digital BP apparatus (BP 02XL, Dr. Morepen). Fasting blood glucose and HBA1c 
were assessed using venous blood samples on visit 1 and visit 5 (day 43). Twen-
ty-four-hour dietary recalls were collected using a standard questionnaire. Infor-
mation on physical activity was collected using modified Madras Diabetes Re-
search Foundation physical activity questionnaire (MPAQ) [69]. 

2.4.2. Continuous Glucose Monitoring (CGM) 
Impact of DSNS on the ambulatory glucose profile was studied using a CGM de-
vice between two 14-day phases: CGM1 phase (baseline, days 1 - 14) and CGM2 
phase (endline, days 28 - 42). The CGM system used was the Free Style Libre Pro 
(manufactured by Abbott Healthcare Pvt Ltd) and assessed the interstitial fluid 
glucose concentration. The CGM 1 phase was designed as the baseline for the 
4-week intervention to elicit any differences in the CGM outcomes before and 
during/after the 4-week intervention (Figure 2). Randomized participants re-
ported at the study site on day 0 and the CGM device was inserted in the back of 
the upper arm post dinner for all study participants. They were asked to contin-
ue wearing the device for the next 14 days. Participants in both the groups were 
instructed to continue with their habitual diet and routine physical activity for 
this CGM1 baseline. The CGM device was removed for all the study participants 
on Day 14 at bedtime (visit 3) providing a 14-day CGM1 phase data (baseline). 
All participants received lifestyle counselling on Day 15. In addition to LC, the 
test group was also provided the DSNS for daily consumption for the next 14 days. 
During this period, participants were not wearing any CGM device. All study 
participants reported back on day 29 (visit 4) for the CGM2 baseline. 

On day 28, the participants reported back to the study site and a new CGM de-
vice was inserted post dinner (visit 4), for all participants. Again, the participants 
in both groups received lifestyle counselling and the test group was given the 
DSNS for daily consumption for the next 14 days. All the participants reported 
back on day 42 (visit 5) for the endline visit and CGM removal. CGM 1 phase 
(days 1 - 14) and CGM 2 phase (days 29 - 42) records were compared to assess 
the efficacy of intervention on mean blood glucose, estimated HbA1c, and Time 
in Range (TIR), among DSNS + LC as well as LC alone groups. 

2.5. Data Analysis 

The statistical analysis was done by using SAS® statistical software (Version: 9.4 
or higher; SAS Institute Inc., USA). Intention to treat analysis was conducted for 
199 participants [test (n = 100) and control (n = 99)] who participated in this 
parallel phase study. During the study period, 35 participants in the test and 37 
participants in the control group did not complete the study (reasons for dropout 
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as listed in Figure 2). Consequently, a per protocol analysis was conducted, en-
compassing 65 participants in the test, and 63 in control group (Figure 1).  

Continuous variables were summarized using tables of descriptive statistics: 
number of participants with recorded observations, mean, standard deviation, 
median, minimum, and maximum. Categorical variables were summarized using 
counts and percentages. Least square means with standard error were computed, 
wherever necessary. For continuous variables, the within-treatment analyses were 
conducted to compare baseline to post-intervention data using paired t-test. The 
data between the groups for various parameters was analyzed using an inde-
pendent t-test. Mean glucose concentrations and TIR values during the CGM1 
and 2 were obtained from the CGM device report. Using 54 - 140 mg/dl as normal 
range for CGM interstitial values, percent TIR was calculated. Estimated 
HbA1c% was calculated using mean glucose (mg/dl) values into a formula 
[eHbA1c = 3.38 + 0.023453 (mean glucose) [70]. The nutrient intake of foods 
was calculated using IFCT 2017 [71] and food atlas (MDRF) [72]. The mean in-
takes and nutrient adequacy of major nutrients was compared with Recom-
mended Dietary Allowances (RDAs) given by Indian Council of Medical Re-
search (ICMR), RDA 2024 [73]. Percent energy contribution from macronutri-
ents was also calculated. ANCOVA was used for assessing the differences between 
the two groups in various nutrient intakes and adequacies changes from baseline 
to endline. The physical activities are classified into sedentary, moderate, and 
vigorous categories in the MPAQ [69]. We have used modified MAPQ, thus 
changes in physical activities under each category were calculated as mean dura-
tion (minutes) per day. Safety data was analyzed for the safety population de-
fined as all enrolled participants who received at least one of the test products or 
isocaloric meals. Adverse Events were summarized with a number and the per-
centage. All statistical tests of hypothesis employed a level of significance of 0.05. 

3. Results 

All participants were between the age range of 30 - 63 years with a mean age of 
44.2 (8.52) years and mean BMI of 25.9 (3.81) kg/m2 in DSNS + LC and 25.9 
(3.84) kg/m2 in LC alone group. There were 124 males and 75 females in the study. 
All participants reported to have an HbA1c ≥ 5.7 - ≤ 6.4%. However, it was re-
ported that 42% (n = 84) of prediabetic subjects had FBG between 100 - 125 mg/dl. 
Almost 28% (55) and 30% (61) participants had FBG < 100 mg/dl and >125 
mg/dl respectively. There were no significant differences in anthropometric and 
body composition parameters between the two groups as shown in Table 2 at 
baseline. 

3.1. Acute Blood Glucose Response Phase 
3.1.1. Post-Prandial Blood Glucose (PPG) 
DSNS group showed significantly lower PPG versus isocaloric snack on all visit 
days at 30 (p < 0.0001), 60 (p < 0.0001), 90 (p < 0.0001), 120 (p < 0.05) and 150 
(p < 0.05) minutes. As per Intent to Treat (ITT) analysis, PPG response from  

https://doi.org/10.4236/fns.2024.157040


D. Khanna et al. 
 

 

DOI: 10.4236/fns.2024.157040 621 Food and Nutrition Sciences 
 

Table 2. Baseline characteristics of the participants. 

 DSNS + LC (n = 100) LC alone (n = 99) p-values 

Age, mean, (SD) years 45.2 (8.42) 43.3 (8.42) 0.1098 

Gender#    

Males, n (%) 66 (66.00) 58 (58.6) 0.3078 

Females, n (%) 34 (34.00) 41 (41.4)  

Weight, mean (SD), kga 67.3 (10.87) 66.7 (9.83) 0.5853 

Height, mean (SD), cma 161.3 (9.43) 160.7(8.33) 0.679 

BMI, mean (SD), kg/m2a 25.9 (3.81) 25.9 (3.84) 0.9397 

Waist circumference, mean (SD), cma 93.6 (9.39) 91.9 (10.48) 0.2402 

Fat percentage, mean (SD), %a 30.0 (7.28) 31.0 (7.18) 0.3241 

Skeletal mass, mean (SD), % a 28.9 (4.85) 28.3 (4.80) 0.3721 

Diastolic Blood pressure, mean, (SD), mmHg 79.3 (2.25) 79.2 (2.16) 0.7429 

Systolic Blood Pressure, mean (SD), mmHg 118.4 (3.04) 118.4 (2.97) 0.8946 

Fasting Blood Glucose, mean (SD), mg/dL 116.7 (2.38) 113.3 (2.39) 0.3101 

HbA1C %, mean (SD) 5.97 (0.19) 5.95 (0.19) 0.5212 

Note: aData from visit 2. #Wilcoxan rank test of significance was used for comparing gender differences in the groups. All other 
parameters were compared using unpaired t-test, at p < 0.05 level of significance. 

 
0 to 180 minutes after DSNS and isocaloric snack consumption by the partici-
pants in DSNS and control groups, respectively, on days 1, 15, 29, 43 is shown in 
Figure 3. 

The maximum glucose peak was achieved at 60 minutes for both the groups 
on all the days. However, it was significantly lower in the DSNS group as 
compared to control group at all the days [day 1 (<0.0001), day 15 (<0.0001), 
day 29 (<0.0001) and day 43 (<0.0001)]. The differences in PPG levels reduced 
between DSNS and control group at 180 minutes for all the four days. The 
Per Protocol (PP) data showed similar results. Detailed data is given in Table 
S2. 

3.1.2. Incremental Area under the Curve (iAUC) 
The iAUC was significantly lower in DSNS group versus the control group at 
day 1 (<0.0001), day 15 (<0.0001), day 29 (<0.0001), and day 43 (<0.0001) as per 
ITT analysis (Figure 4). Similar results were obtained from PP data. Detailed 
data provided in Table S3. 

3.2. Intervention Phase 
3.2.1. Changes in Mean FBG, Anthropometric Markers,  

Body Composition, Blood Pressure and HbA1C 
At baseline, no significant differences were observed in any of the parameters 
between the two groups as per ITT analysis. Post intervention, FBG, waist circum-
ference, systolic and diastolic blood pressure reduced from baseline significantly  
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Figure 3. Post-prandial glucose levels at 0, 30, 60, 90, 120, 150 and 180 minutes on day 1, 
day 15, day 29 and day 43 in DSNS and control groups. Significant difference between the 
two groups was calculated using independent t-test at *p < 0.05 and **p < 0.0001. 
 

 

Figure 4. Comparison of iAUC at days 1, 15, 29 and 43 between DSNS and control 
(isocaloric snack); values are least square of means with standard error bars. **Significant 
difference between the two groups using analysis of variance at p < 0.0001. 

 
after 4 weeks of intervention for both the groups with the mean (SD) change 
being more pronounced in DSNS + LC group versus the LC alone group [FBG: 
DSNS + LC: −25.3 (26.51) mg/dl, p < 0.0001; LC alone: −24.4 (21.66) mg/dl, p < 
0.0001; waist circumference: DSNS + LC: −1.13 (1.86) cm, p < 0.0001; LC alone: 
−0.88 (1.86) cm, p = 0.0004; Systolic BP: DSNS + LC: −3.3 (4.63) mm Hg, p < 
0.0001; LC alone: −2.5 (4.51) mm Hg, p < 0.0001; Diastolic BP: DSNS + LC: −3.1 
(3.63) mm Hg, p < 0.0001; LC alone: −2.6 (3.72) mm Hg, p < 0.0001]. A reduc-
tion in weight and percent body fat from baseline was reported by both the 
DSNS + LC and LC alone groups. While the change in weight was significant 
for DSNS + LC group [DSNS + LC: −0.4 (1.27) p = 0.0104, LC alone: −1.33 
(6.27), kg/m2, p > 0.05], the change in percent body fat was significant for LC 
alone group [DSNS + LC: −1.02 (4.34)%, p = 0.058; LC alone: −0.98 (3.5)%, p < 
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0.028]. Mean (SD) reductions in BMI were significant for both the groups 
[DSNS + LC: −0.29 (0.74) p = −0.0022, LC alone: −0.33 (0.74), kg/m2, p = 0.0007]. 
Percent skeletal mass and Hb1AC did not show any significant changes after 4 
weeks intervention in either of the groups. There were no significant differ-
ences observed between the test and control groups for any of the measures. 
The results were observed to be similar in PP analysis. Details are given in Table 
S4. 

3.2.2. Changes in Dietary Intake and Physical Activity 
The dietary intake of participants was assessed at baseline (day 1) and at the end 
of the study (day 43) using 24-hour recall method. 

Macronutrients: Changes in percent energy contribution and nutrient 
adequacy 

From the dietary data, average nutrient intake among the participants was 
computed. The percentage energy contribution from carbohydrate, protein and 
fat was similar between DSNS + LC and LC alone group at baseline. Post inter-
vention, DSNS + LC group reported a significant reduction in the contribution 
of energy from carbohydrates, (DSNS + LC: −5.3 (9.22)%, LC alone: 1.6 (24.44)%, 
p = 0.0349), and a significant increase in protein energy percent (DSNS + LC: 
1.5 (1.51)%, LC alone: 0.03 (1.37)%, p < 0.0001) compared to LC alone group, 
shown in Figure 5. There were no significant changes reported in fat energy 
percent. 

 

 

Figure 5. Comparison between DSNS-LC and LC groups for intake of proportion of 
energy contribution from carbohydrates, protein and fat at baseline and endline. 
*Significant difference between the groups using independent t-test at p < 0.05. #Signifi-
cant differences between baseline and endline within the group using paired t-test at p < 0.05. 

 
Mean protein intake increased significantly (p < 0.05) in DSNS + LC group 

post intervention from baseline [50.4 (20.24) g] to endline [55.3 (15.96) g]; while 
there were no significant changes in the energy, protein, carbohydrate, and fat 
intakes in LC alone group as compared to baseline. Post intervention, percentage 
adequacy for protein intake increased in DSNS + LC group as compared to LC 
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alone group (DSNS + LC: 10.3 (41.83)%, LC alone: −7.2 (31.64)%, p < 0.001). On 
adjusting the change from baseline, the percent adequacy for fibre intake also im-
proved in DSNS + LC, compared to LC alone group (DSNS + LC:30.2 (13.10)%, 
LC alone: −7 (13.30)%, p = 0.0513). 

Micronutrients: Changes in mean intake and percent adequacy 
Micronutrient intake data was collected and analyzed for calcium, iron, vitamin 

B12 and chromium. Post intervention, the mean intakes of calcium, iron, vita-
min B12, and chromium were significantly (p < 0.0001 for all) higher in DSNS + 
LC as compared to LC alone group (Table 3). 

Percent adequacies of calcium, iron, vitamin B12, and chromium were found 
to be inadequate at baseline for both the groups. The percent adequacies for in-
takes of calcium, iron, vitamin B12, and chromium, not only increased substan-
tially (p < 0.0001 for all) in DSNS + LC group post intervention as compared to 
baseline but were also significantly (p < 0.0001 for all) higher than LC alone group 
at endline (Table 3). The participants in the DSNS + LC group displayed signif-
icantly augmented nutrient intake at the endline compared to baseline levels. Sim-
ilar results were obtained from per-protocol analysis. 

Changes in physical activity 
At baseline, majority of the participants were sedentary (DSNS + LC: 97%, LC 

alone: 97%) and engaged in light physical activities (DSNS + LC: 44%, LC alone: 
47%). Only 13% of participants in DSNS + LC and 19% in LC alone groups were 
engaged in moderate activities. Following the lifestyle counseling sessions, a sig-
nificant increase in the proportion of participants engaged in moderate activities 
was observed in both groups (DSNS + LC: 98%, p < 0.0001; LC alone: 100%, p < 
0.0001). There was also a significant rise in the time (mean) spent on moderate 
activities, with participants in the DSNS + LC group increasing by 33.6 (15.47) 
minutes (p < 0.005) and those in the LC alone group increasing by 30 (18.71) 
minutes (p = 0.0007) as compared to their respective baseline. However, no sig-
nificant differences in physical activity patterns were noted between the two 
groups. Data from ITT and PP analysis of physical activity pattern of prediabetic 
participants is shown in Table S5. 

3.2.3. Changes in Continuous Glucose Monitoring (CGM) Indicators 
The comparison between baseline and endline CGM data suggested that 4 weeks 
intervention (both DSNS + LC and LC alone) did not show any substantial changes 
in glycemic parameters in prediabetic individuals using a CGM device in predia-
betics. Data not shown in the paper. 

3.3. Safety 

Safety data was analyzed for all participants who received either the DSNS or 
isocaloric snack. Only two minor adverse events (1%), one in DSNS + LC and 
one in LC alone group were reported. Both AEs were of mild intensity. Both 
subjects experienced discomfort and mild diarrhoea after consumption of test 
products. Their vital signs were within normal limits and both the participants  
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Table 3. Mean intakes and % mean adequacies of DSNS + LC and LC alone group at endline and baseline, as per ITT analysis. 

Nutrient  

DSNS + LC, Mean (SD) LC alone, Mean (SD) 
Between groups comparison for 
adjusted change from baseline 

Baseline 
(n = 100) 

Endline 
(n = 65) 

Change 
from  

baseline 

Baseline 
(99) 

Endline 
(63) 

Change 
from  

baseline 

DSNS + LC 
LSM(SE) 

LC alone 
LSM (SE) 

p value 

Energy 

Mean intake 
(Kcal) 

1620.6 
(630.95) 

1568.0 
(460.92) 

−7.6 
(642.93) 

1431.2 
(469.84) 

1269.0 
(351.19) 

−11.8.9 
(467.55)* 

65.3 
(49.80) 

−194.2 
(50.60) 

0.0004 

% nutrient 
adequacy 

83.3 
(33.06) 

80.7 
(20.31) 

−0.9 
(33.79) 

74.8 
(24.36) 

66.3 
(15.82) 

−7 (24.03)* 
2.6 

(2.25) 
−10.7 
(2.28) 

<0.0001 

Carbohydrate 

Mean intake 
(g) 

267.4 
(109.78) 

248.2 
(86.99) 

−17.9 
(118.7) 

237.1 
(82.85) 

219.9 
(93.63) 

−13.5 
(102.2) 

−5.8 
(10.90) 

−26.1 
(11.10) 

0.1990 

% nutrient 
adequacy 

205.7 
(84.44) 

190.9 
(66.92) 

−13.8 
(91.29) 

182.4 
(63.73) 

168.6 
(72.03) 

−10.4 
(78.63) 

−4.5 
(8.40) 

−20.1 
(8.54) 

0.1990 

Protein 

Mean intake 
(g) 

50.4 
(20.24) 

55.3 
(15.96) 

5.4 
(21.21)* 

45.6 
(16.30) 

40.8 
(12.38) 

−3.6 
(16.39) 

7.5 
(1.72) 

−5.8 
(1.75) 

<0.0001 

% nutrient 
adequacy 

98.1 
(37.97) 

108.1 
(27.57) 

10.3 
(41.83) 

89.9 
(31.48) 

80.4 
(21.79) 

−7.2 
(31.64) 

14.4 
(3.06) 

−11.9 
(3.11) 

<0.0001 

Fat 

Mean intake 
(g) 

45.0 
(57.99) 

36.2 
(10.24) 

−5.2 
(54.49) 

39.8 
(50.85) 

30.5 (9.37) 
−6.8 

(44.00) 
−3.25 
(1.21) 

−8.85 
(1.22) 

0.0014 

% nutrient 
adequacy 

196.4 
(266.75) 

157.5 
(43.37) 

−27.8 
(270.04) 

176.4 
(233.12) 

134.7 
(217.97) 

−34.9 
(217.97) 

−20.5 
(5.14) 

−42.5 
(5.22) 

0.0032 

Fiber 

Mean intake 
(g) 

44.6 
(22.71) 

50.7 
(16.7) 

4.8 
(26.58) 

37.3 
(15.17) 

39.7 
(41.37) 

2.6 (43.30) 
8.7 

(3.95) 
−1.5 

(4.02) 
0.0769 

% nutrient 
adequacy 

158.1 
(82.72) 

179.5 
(52.73) 

15.5 
(98.77) 

133.5 
(53.04) 

141.5 
(138.26) 

8.2 
(146.33) 

30.2 
(13.10) 

−7.0 
(13.30) 

0.0513 

Calcium 

Mean intake 
(mg) 

243.2 
(143.96) 

583.9 
(92.66) 

7.9 
(2.63)** 

255.7 
(162.90) 

243.6 
(109.90) 

−2.6 
(133.85) 

353.5 
(11.70) 

6.1 (11.90) <0.0001 

% nutrient 
adequacy 

24.3 
(14.4) 

58.4 
(9.27) 

36.2 
(13.07)** 

25.6 
(16.3) 

24.4 
(10.99) 

−0.3 
(13.38) 

35.3 
(1.17) 

0.6 
(1.19) 

<0.0001 

Iron 

Mean intake 
(mg) 

3.2 
(3.99) 

9.6 
(2.30) 

7.9 
(2.63)** 

3.0 
(3.40) 

2.2 
(2.18) 

2.2 
(2.18) 

7.5 
(0.27) 

−0.1 
(0.28) 

<0.0001 

% nutrient 
adequacy 

15.5 
(20.1) 

44.4 
(14.34) 

36.4 
(15.22)** 

13.9 
(16.81) 

10.1 
(10.65) 

−2.2 
(16.44) 

34.7 
(1.55) 

−0.5 
(1.57) 

<0.0001 

Vitamin B12 

Mean Intake 
(mcg) 

0.8 
(0.54) 

2.5 
(0.34) 

1.7 
(0.48)** 

0.9 
(0.68) 

0.8 
(0.41) 

−0.07 
(0.56) 

1.7 
(0.04) 

−0.03 
(0.05) 

<0.0001 

% nutrient 
adequacy 

36.7 
(24.53) 

41.5 
(31.04) 

77.2 
(21.93)** 

111.5 
(18.71) 

36.1 
(15.32) 

−3.2 
(25.25) 

75.4 
(2.00) 

−1.3 
(2.03) 

<0.0001 

Chromium 

Mean intake 
(mcg) 

0.03 
(0.09) 

12.8 
(1.61) 

12.7 
(1.61)** 

0.02 
(0.016) 

0.02 
(0.013) 

−0.0025 
(0.018) 

12.7 
(0.14) 

−0.01 
(0.15) 

<0.0001 

% nutrient 
adequacy 

0.06 
(0.2) 

25.5 
(3.22) 

25.5 
(3.22)** 

0.04 
(0.03) 

0.04 
(0.03) 

0 (0) 
25.5 

(0.29) 
−0.01 
(0.29) 

<0.0001 

Note: Values are Mean (SD) for baseline and endline. % nutrient adequacies were computed by comparing the nutrient intake 
values with RDA 2024 (ICMR), p-value for within group was calculated using paired t-test. Least square mean (SE) was used to 
compare the mean change from baseline between groups by ANCOVA, where p-value is significant at * < 0.05 and ** < 0.0001. 
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felt comfortable after taking a rest. No other participant reported any other ad-
verse events either after consuming the DSNS or isocaloric snack. 

4. Discussion 

According to Indian Council of Medical Research-India Diabetes (ICMR- 
INDIAB) nationwide survey report, overall weighted prevalence of prediabetes is 
15.3% and diabetes 11.4% [8]. The diabetic Indian population had an average 
glycated hemoglobin of 8.56%, FBG of 172 mg/dL, and PPG of 253 mg/dL. There 
is a substantial body of evidence reporting the positive role of DSNS in diabetic 
populations, specifically in reducing PPG levels [39] [74], influencing glycemic 
variability [55], and lowering HbA1C [57]. However, studies on efficacy of DSNSs 
on health status of prediabetic individuals are limited [26] [58] [65] [66]. To the 
best of our knowledge, ours is the first study investigating the efficacy of a DSNS 
on glycemic response in prediabetics in the Indian context. The strength of this 
study was its parallel phase study design including the acute blood glucose response 
of DSNS as well as the intervention phase including 4-weeks intervention and im-
pact assessment of the DSNS on multiple parameters including anthropometry, 
body composition, nutrient intake, BP and CGM. 

In the present study, ABGR for DSNS and isocaloric snack was measured with 
DSNS reporting significantly lower PPG versus isocaloric snack at 30 (p < 0.0001), 
60 (p < 0.0001), 90 (p < 0.0001), 120 (p < 0.05) and 150 (p < 0.05) minutes on all 
visit days. iAUC for 0-180 minutes was significantly lower (p < 0.0001) for DSNS 
as compared to control for all visit days. The peak PPG at 60 minutes were sig-
nificantly lower for DSNS than isocaloric snack on all the days, suggesting that 
elevation in blood sugar levels would be much lower after consuming DSNS 
(60 g with 250 mL double toned milk) as compared to standard breakfast (56 
g cornflakes with 250 mL double toned milk) (Figure 3 and Figure 4). These find-
ings corroborate with a recent study conducted in Japanese (n = 20, prediabet-
ics) individuals [58]. In this study, an energy dense, low carbohydrate, and high 
fibre Oral Nutritional Supplement (ONS) was given to participants on two sep-
arate days and it was observed that iAUC of blood glucose levels for 120 minutes 
was significantly lower after ONS ingestion (2207 ± 391 mg/dL.min) as com-
pared to standard formula (3735 ± 391 mg/dL∙min, p < 0.001) [58]. 

The DSNS used in the present study is a high fiber supplement containing 22% 
soluble fiber and with a high Monounsaturated Fatty Acids (MUFA) composi-
tion (70% of total fatty acids delivering ~18% of energy). Carbohydrates con-
tribute 40%, protein 23%, and fat 25% of total energy. The high amounts of solu-
ble fiber and MUFA may be contributing to better glycemic control. 

PPG and FBG are main contributors to overall glycemic control among T2DM 
or prediabetic patients [75] [76]. Elevated PPG levels are risk factors for cardio-
vascular diseases and diabetic complications [12]-[15] [36] [77], especially in those 
with higher HbA1C %. Controlling PPG response in the overweight and obese 
population, who are also at risk for T2DM, is crucial for preventing the onset. Evi-
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dence indicates that DSNS controls elevation in PPG response and lowers iAUC 
levels among diabetic patients [52] [59] [61] [62]. A recent study on 66 predia-
betic Indians aged 30-66 years observed reduction in post-prandial hyperglyce-
mia and reversal to normoglycemia after consuming 30g almond premeal before 
breakfast for three months [78]. Previous studies have consistently shown that 
lifestyle modifications, and certain pharmacological treatments, could effectively 
facilitate the reversal of prediabetes to normoglycemic levels, thereby preventing 
its progression to diabetes and improved outcomes [3] [18] [22] [24] [29] [79]. A 
study by Amer et al. (2020) among Saudi prediabetic patients (n = 180), reported 
significant reversal to normal glucose levels with intensive lifestyle guidance, 
however the challenge was to sustain interest in adopting lifestyle changes for a 
longer duration of time [80]. Therefore, compliance with nutrition counselling 
for a longer duration of time is imperative. The patients who had more nutrition 
counselling visits in a year had lower mean HbA1c levels as compared to patients 
with fewer visits per year [81] [82]. A recent study reported a 46% reduction in 
prevalence of prediabetes after 6 months of intervention, however, this decline 
was not maintained at 12-month follow-up [65]. Another study on Swedish pre-
diabetic individuals reported that cardiometabolic risk variables effects were con-
trolled only as long as the lifestyle modifications were followed [33]. 

To maintain cardiometabolic health, it is important to reduce the glycemic and 
metabolic variabilities. Sustained hyperglycemia is a high-risk state for diabetes 
and cardiovascular diseases. Reversal to normoglycemia is associated with a sig-
nificantly reduced risk of future diabetes [17]. It is well established that HbA1C 
levels are the result of a combination of both FBG and PPG levels, therefore 
treatment may also influence FPG-PPG relationship [83]. In the present study, 
lower spike in PPG levels after ingesting DSNS at all the four time points vali-
dated the use of DSNS as an alternative to isocaloric high carbohydrate, low fiber 
breakfast. The parallel intervention phase has shown that the participants who 
consumed DSNS for 28 days along with lifestyle counselling had significantly 
higher reductions in FBG, weight, BMI, waist circumference and systolic and 
diastolic blood pressure as compared to only lifestyle counselling group. While 
increase in moderate activities during the four-week intervention proved use-
ful in both the groups, the reductions in weight, BMI, and waist circumference 
were more pronounced in the DSNS + LC group compared to the LC alone 
group. 

The dietary intakes of various nutrients by the prediabetic participants were 
highly inadequate at baseline in both the groups. DSNS used in our study, is rich 
in protein, fiber, MUFA and micronutrients. The participants consuming DSNS 
had shown significant increase in percent nutrient adequacy versus RDA post 
intervention. The LC alone group did not report any improvements in intakes of 
protein, iron, calcium, vitamin B12, and chromium, despite lifestyle counselling 
focusing on importance of nutrient-rich and balanced diets.  

The CGM did not show any changes in the glycemic outcomes in the present 
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study. This could be attributed to the short duration of the study which was pos-
sibly not substantial enough to demonstrate significant changes in HbA1C, mean 
glucose levels and body composition after DSNS consumption in prediabetes. Stud-
ies in T2DM patients have demonstrated that mere use of intermittent CGM for 
12 weeks had reduced HbA1C by 1% among poorly controlled individuals [84]. 
Another study on prediabetic and diabetic patients showed positive changes in 
body composition and behavioral changes among participants regarding goal set-
ting, increased exercise sessions and self-monitoring immediately and after 1 
month, however, did not report any changes in HbA1C levels [85]. Studies have 
demonstrated the use of CGM as behaviour modification tool for improving diet 
and exercise routine in T2DM patients [86]-[90]. However, the data on use of 
CGM by prediabetes is still not defined. Future research is needed to evaluate the 
accuracy and efficacy of CGM among prediabetics. 

In the present study, the DSNS was well tolerated and helped prediabetic in-
dividuals to meet nutrient requirements along with the improvement in fasting 
blood glucose levels and lowering the peak PPG levels after consumption. 

5. Conclusion 

The consumption of DSNS effectively controls postprandial glucose peaks and 
results in lower iAUC levels. Daily intake of DSNS, combined with lifestyle changes, 
is associated with significant reductions in body weight, BMI, and waist circumfer-
ence. This study supports the use of DSNS as a snack for prediabetic or hypergly-
cemic individuals requiring nutritional support for improved glycemic control. 
However, long-term intervention studies could substantiate efficacy of DSNS on 
HbA1c and other metabolic outcomes in prediabetic individuals. 

6. Salient Features of the Present Study 

• The first study to investigate the efficacy of a DSNS on glycemic response in 
prediabetics in Indian context (to the best of our knowledge). 

• DSNS showed significantly lower PPG and iAUC as compared to isocaloric 
snack at four different time points. 

• Daily consumption of DSNS as snack along with life counselling showed sig-
nificant changes in FBG, weight, BMI, waist circumference, and blood pressure 
from baseline in prediabetic participants. 

• Low GI DSNS with a high fiber and MUFA helped prediabetic participants to 
improve the intake of protein, fibre, iron, calcium, vitamin B12, and chro-
mium. 

Acknowledgements 

We acknowledge editorial and manuscript preparation support towards assem-
bling tables and creating high-resolution images based on authors’ detailed di-
rections, copyediting, fact-checking, bibliography management and referencing, 
provided by Dr. Shavika Gupta. We would like to place on record the support pro-

https://doi.org/10.4236/fns.2024.157040


D. Khanna et al. 
 

 

DOI: 10.4236/fns.2024.157040 629 Food and Nutrition Sciences 
 

vided by Dr. R. Pirabhakaran and Dr. Minakshi Singh in providing the nutrient 
analytical report and CoA for the DSNS. We would like to acknowledge the con-
tributions of Dr. Anjani Bartwal Luhana and Ms. Neha Srivastava in ensuring 
DSNS availability for the study. We acknowledge the support provided by Abbott, 
India for timely provision of the CGM device and training for its installation to 
the study site staff. 

Authors’ Contributions 

D.K., K.J.R., H.S.G., J.B. and M.P. were primarily involved in the conceptualiza-
tion of the study; S.S. and P.J. were involved in the data collection and conduct 
of the study. K.J.R., H.S.G. and J.B. were involved in the quality checks and data 
verification. D.K., K.J.R., and H.S.G. were responsible for the scientific research. 
J.B. was involved in operational decision-making during the conduct of the study. 
J.G. was responsible for statistical analyses of results. D.K., K.J.R. and H.S.G. in-
terpreted the study results and participated in data curation. D.K., K.J.R. and 
H.S.G. drafted and led the manuscript for its intellectual content, literature 
searches, interpretation of data, and graph generation. The final version of the 
manuscript was carefully reviewed and approved by all authors. All authors have 
read and agreed to the published version of the manuscript. 

Institutional Review Board Statement 

The study protocol, all amendments, and the informed consent form were reviewed 
and approved by the Institutional Ethics Committee of OM Children Hospital 
(ECR/1168/Inst/GI/2018). The study was performed in accordance with the pro-
tocol, Good Clinical Practice (GCP) guidelines, local regulations governing clin-
ical study conduct, and the ethical principles that have their origin in the Decla-
ration of Helsinki. The study was registered with the Clinical Trials Registry In-
dia (CTRI/2023/02/049511). 

Informed Consent Statement 

The informed consent form was reviewed and approved by the Institutional Ethics 
Committee of Om Children Hospital (ECR/1168/Inst/GI/2018). All participants 
voluntarily gave written informed consent prior to enrollment. 

Data Availability Statement 

Ethical restrictions imposed by the IEC prevent public sharing of the data for this 
study. The data used in this publication is owned by HUL (Nutrition). Data access 
request will be evaluated by HUL (Nutrition) in consideration of IEC requirements. 
Interested researchers will need to sign a research collaboration agreement with 
HUL (Nutrition). Requests can be sent to D.K. 

Funding 

This research was funded by HUL, Nutrition R&D, India. 

https://doi.org/10.4236/fns.2024.157040


D. Khanna et al. 
 

 

DOI: 10.4236/fns.2024.157040 630 Food and Nutrition Sciences 
 

Conflicts of Interest 

D.K., K.J.R., J.B., M.P. and H.S.G. declare potential conflicts of interest as either 
employees or consultants of HUL (Nutrition), the study sponsor. No other author 
declares any conflict of interest. 

References 
[1] Bansal, N. (2015) Prediabetes Diagnosis and Treatment: A Review. World Journal of 

Diabetes, 6, 296-303. https://doi.org/10.4239/wjd.v6.i2.296  

[2] Hsueh, W.A., Orloski, L. and Wyne, K. (2010) Prediabetes: The Importance of Early 
Identification and Intervention. Postgraduate Medicine, 122, 129-143.  
https://doi.org/10.3810/pgm.2010.07.2180  

[3] Moutzouri, E., Tsimihodimos, V., Rizos, E. and Elisaf, M. (2011) Prediabetes: To Treat 
or Not to Treat? European Journal of Pharmacology, 672, 9-19.  
https://doi.org/10.1016/j.ejphar.2011.10.007  

[4] Echouffo-Tcheugui, J.B., Perreault, L., Ji, L. and Dagogo-Jack, S. (2023) Diagnosis 
and Management of Prediabetes: A Review. Journal of the American Medical Associa-
tion, 329, 1206-1216. https://doi.org/10.1001/jama.2023.4063  

[5] ADA (2023) American Diabetes Association Professional Practice Committee: Sum-
mary of Revisions: Standards of Care in Diabetes—2024. Diabetes Care, 47, S5-S10.  

[6] Dainna, J. and Magliano, E.J.B. (2021) IDF Diabetes Atlas 10th Edition Scientific 
Committee. International Diabetes Federation.  
https://www.ncbi.nlm.nih.gov/books/NBK581934/  

[7] Rooney, M.R., Fang, M., Ogurtsova, K., Ozkan, B., Echouffo-Tcheugui, J.B., Boyko, 
E.J., et al. (2023) Global Prevalence of Prediabetes. Diabetes Care, 46, 1388-1394.  
https://doi.org/10.2337/dc22-2376  

[8] Anjana, R.M., Unnikrishnan, R., Deepa, M., Pradeepa, R., Tandon, N., et al. (2023) 
Metabolic Non-Communicable Disease Health Report of India: The ICMR-INDIAB 
National Cross-Sectional Study (ICMR-INDIAB-17). The Lancet Diabetes & Endo-
crinology, 11, 474-489. https://doi.org/10.1016/S2213-8587(23)00119-5  

[9] Mathur, P., Leburu, S. and Kulothungan, V. (2022) Prevalence, Awareness, Treatment 
and Control of Diabetes in India from the Countrywide National NCD Monitoring 
Survey. Frontiers in Public Health, 10, Article 748157.  
https://doi.org/10.3389/fpubh.2022.748157  

[10] Das, A.K., Mohan, V., Joshi, S., Shah, S., Zargar, A., Kalra, S., et al. (2021) IMPACT 
India: A Novel Approach for Optimum Diabetes Care. Journal of Diabetology, 12, 
239-245. https://doi.org/10.4103/JOD.JOD_100_20  

[11] Brannick, B. and Dagogo-Jack, S. (2018) Prediabetes and Cardiovascular Disease: 
Pathophysiology and Interventions for Prevention and Risk Reduction. Endocri-
nology and Metabolism Clinics of North America, 47, 33-50.  
https://doi.org/10.1016/j.ecl.2017.10.001  

[12] Huang, Y., Cai, X., Mai, W., Li, M. and Hu, Y. (2016) Association Between Predia-
betes and Risk of Cardiovascular Disease and All Cause Mortality: Systematic Re-
view and Meta-Analysis. BMJ, 355, i5953. https://doi.org/10.1136/bmj.i5953  

[13] Echouffo-Tcheugui, J.B., Narayan, K.M., Weisman, D., Golden, S.H. and Jaar, B.G. 
(2016) Association between Prediabetes and Risk of Chronic Kidney Disease: A Sys-
tematic Review and Meta-Analysis. Diabetic Medicine, 33, 1615-1624.  
https://doi.org/10.1111/dme.13113  

[14] Kirthi, V., Nderitu, P., Alam, U., Evans, J.R., Nevitt, S., Malik, R.A., et al. (2022) The 

https://doi.org/10.4236/fns.2024.157040
https://doi.org/10.4239/wjd.v6.i2.296
https://doi.org/10.3810/pgm.2010.07.2180
https://doi.org/10.1016/j.ejphar.2011.10.007
https://doi.org/10.1001/jama.2023.4063
https://www.ncbi.nlm.nih.gov/books/NBK581934/
https://doi.org/10.2337/dc22-2376
https://doi.org/10.1016/S2213-8587(23)00119-5
https://doi.org/10.3389/fpubh.2022.748157
https://doi.org/10.4103/JOD.JOD_100_20
https://doi.org/10.1016/j.ecl.2017.10.001
https://doi.org/10.1136/bmj.i5953
https://doi.org/10.1111/dme.13113


D. Khanna et al. 
 

 

DOI: 10.4236/fns.2024.157040 631 Food and Nutrition Sciences 
 

Prevalence of Retinopathy in Prediabetes: A Systematic Review. Survey of Ophthal-
mology, 67, 1332-1345. https://doi.org/10.1016/j.survophthal.2022.04.002  

[15] Kirthi, V., Perumbalath, A., Brown, E., Nevitt, S., Petropoulos, I.N., Burgess, J., et al. 
(2021) Prevalence of Peripheral Neuropathy in Pre-Diabetes: A Systematic Review. 
BMJ Open Diabetes Research & Care, 9, e002040.  
https://doi.org/10.1136/bmjdrc-2020-002040  

[16] Braga, T., Kraemer-Aguiar, L.G., Docherty, N.G. and Le Roux, C.W. (2019) Treat-
ing Prediabetes: Why and How Should We Do It? Minerva Medica, 110, 52-61.  
https://doi.org/10.23736/S0026-4806.18.05897-4  

[17] Pan, X.R., Li, G.W., Hu, Y.H., Wang, J.X., Yang, W.Y., An, Z.X., et al. (1997) Effects 
of Diet and Exercise in Preventing NIDDM in People with Impaired Glucose Tol-
erance: The Da Qing IGT and Diabetes Study. Diabetes Care, 20, 537-544.  
https://doi.org/10.2337/diacare.20.4.537  

[18] Ramachandran, A., Snehalatha, C., Mary, S., Mukesh, B., Bhaskar, A.D. and Vijay, V. 
(2006) The Indian Diabetes Prevention Programme Shows That Lifestyle Modifica-
tion and Metformin Prevent Type 2 Diabetes in Asian Indian Subjects with Impaired 
Glucose Tolerance (IDPP-1). Diabetologia, 49, 289-297.  
https://doi.org/10.1007/s00125-005-0097-z  

[19] Li, G., Zhang, P., Wang, J., Gregg, E.W., Yang, W., et al. (2008) The Long-Term Ef-
fect of Lifestyle Interventions to Prevent Diabetes in the China Da Qing Diabetes 
Prevention Study: A 20-Year Follow-Up Study. The Lancet, 371, 1783-1789.  
https://doi.org/10.1016/S0140-6736(08)60766-7  

[20] Jenum, A.K., Brekke, I., Mdala, I., Muilwijk, M., Ramachandran, A., Kjøllesdal, M., 
et al. (2019) Effects of Dietary and Physical Activity Interventions on the Risk of 
Type 2 Diabetes in South Asians: Meta-Analysis of Individual Participant Data from 
Randomized Controlled Trials. Diabetologia, 62, 1337-1348.  
https://doi.org/10.1007/s00125-019-4905-2  

[21] Viswanathan, V., Murugan, P., Kumpatla, S., Parveen, R. and Devarajan, A. (2024) 
Prevention of Diabetes from Prediabetes in Real World Setting in South India. Dia-
betes & Metabolic Syndrome: Clinical Research & Reviews, 18, Article ID: 103041.  
https://doi.org/10.1016/j.dsx.2024.103041  

[22] Tabák, A.G., Herder, C., Rathmann, W., Brunner, E.J. and Kivimäki, M. (2012) Pre-
diabetes: A High-Risk State for Diabetes Development. The Lancet, 379, 2279-2290.  
https://doi.org/10.1016/S0140-6736(12)60283-9  

[23] Sheng, Z., Cao, J.Y., Pang, Y.C., Xu, H.C., Chen, J.W., Yuan, J.H., et al. (2019) Ef-
fects of Lifestyle Modification and Anti-diabetic Medicine on Prediabetes Progress: 
A Systematic Review and Meta-Analysis. Frontiers in Endocrinology, 10, Article 
455. 

[24] Galaviz, K.I., Weber, M.B., Suvada, K.B., Gujral, U.P., Wei, J., Merchant, R., et al. 
(2022) Interventions for Reversing Prediabetes: A Systematic Review and Me-
ta-Analysis. American Journal of Preventive Medicine, 62, 614-625.  
https://doi.org/10.1016/j.amepre.2021.10.020  

[25] DPP (2015) Long-Term Effects of Lifestyle Intervention or Metformin on Diabetes 
Development and Microvascular Complications over 15-Year Follow-Up: The Dia-
betes Prevention Program Outcomes Study. The Lancet Diabetes & Endocrinology, 
3, 866-875. https://doi.org/10.1016/S2213-8587(15)00291-0  

[26] Unwin, D., Khalid, A.A., Unwin, J., Crocombe, D., Delon, C., Martyn, K., et al. (2020) 
Insights from a General Practice Service Evaluation Supporting a Lower Carbohy-
drate Diet in Patients with Type 2 Diabetes Mellitus and Prediabetes: A Secondary 

https://doi.org/10.4236/fns.2024.157040
https://doi.org/10.1016/j.survophthal.2022.04.002
https://doi.org/10.1136/bmjdrc-2020-002040
https://doi.org/10.23736/S0026-4806.18.05897-4
https://doi.org/10.2337/diacare.20.4.537
https://doi.org/10.1007/s00125-005-0097-z
https://doi.org/10.1016/S0140-6736(08)60766-7
https://doi.org/10.1007/s00125-019-4905-2
https://doi.org/10.1016/j.dsx.2024.103041
https://doi.org/10.1016/S0140-6736(12)60283-9
https://doi.org/10.1016/j.amepre.2021.10.020
https://doi.org/10.1016/S2213-8587(15)00291-0


D. Khanna et al. 
 

 

DOI: 10.4236/fns.2024.157040 632 Food and Nutrition Sciences 
 

Analysis of Routine Clinic Data Including HbA1c, Weight and Prescribing over 6 
Years. BMJ Nutrition, Prevention & Health, 3, 285-294.  
https://doi.org/10.1136/bmjnph-2020-000072  

[27] ADA (2020) Diabetes Advocacy: Standards of Medical Care in Diabetes-2019. Dia-
betes Care, 43, S203-S204. https://doi.org/10.2337/dc20-S016  

[28] Hamman, R.F., Wing, R.R., Edelstein, S.L., Lachin, J.M., Bray, G.A., Delahanty, L., 
et al. (2006) Effect of Weight Loss with Lifestyle Intervention on Risk of Diabetes. 
Diabetes Care, 29, 2102-2107. https://doi.org/10.2337/dc06-0560  

[29] Kaur, H., Singla, N. and Jain, R. (2021) Role of Nutrition Counseling and Lifestyle 
Modification in Managing Prediabetes. Food and Nutrition Bulletin, 42, 584-596.  
https://doi.org/10.1177/03795721211025434  

[30] Jadhav, R.A., Hazari, A., Monterio, A., Kumar, S. and Maiya, A.G. (2017) Effect of 
Physical Activity Intervention in Prediabetes: A Systematic Review with Meta-Analysis. 
Journal of Physical Activity and Health, 14, 745-755.  
https://doi.org/10.1123/jpah.2016-0632  

[31] Fuller, H. and Alberti, H. (2017) Barriers to Lifestyle Changes in People with Dia-
betes. British Journal of General Practice, 67, 61.  
https://doi.org/10.3399/bjgp17X689005  

[32] Kodapally, B., Vilane, Z., Nsamba, J., Joseph, A., Mathews, E. and Thankappan, K.R. 
(2022) The Suitability, Acceptability, and Feasibility of a Culturally Contextualized 
Low-Calorie Diet among Women at High Risk for Diabetes Mellitus in Kerala: A 
Mixed-Methods Study. International Journal of Diabetes in Developing Countries, 
43, 661-676. https://doi.org/10.1007/s13410-022-01134-8  

[33] Lindahl, B., Nilssön, T.K., Borch-Johnsen, K., Røder, M.E., Söderberg, S., Widman, 
L., et al. (2009) A Randomized Lifestyle Intervention with 5-Year Follow-Up in Sub-
jects with Impaired Glucose Tolerance: Pronounced Short-Term Impact but Long-Term 
Adherence Problems. Scandinavian Journal of Public Health, 37, 434-442.  
https://doi.org/10.1177/1403494808101373  

[34] Parker, A.R., Byham-Gray, L., Denmark, R. and Winkle, P.J. (2014) The Effect of 
Medical Nutrition Therapy by a Registered Dietitian Nutritionist in Patients with 
Prediabetes Participating in a Randomized Controlled Clinical Research Trial. Journal 
of the Academy of Nutrition and Dietetics, 114, 1739-1748.  
https://doi.org/10.1016/j.jand.2014.07.020  

[35] Fan, C., Sattler, L., Parkinson, C., Thekadeth, B., Singh, S. and Perlmuter, L. (2013) 
The Effect of Family History of Diabetes on Sleep Quality, Depression, and Anxiety 
in Adult Males with Diabetes. Journal of Diabetes Mellitus, 3, 11-14.  
https://doi.org/10.4236/jdm.2013.31002  

[36] Gupta, R. and Misra, A. (2016) Epidemiology of Microvascular Complications of 
Diabetes in South Asians and Comparison with Other Ethnicities. Journal of Diabetes, 
8, 470-482. https://doi.org/10.1111/1753-0407.12378  

[37] Sharma, M., Kishore, A., Roy, D. and Joshi, K. (2020) A Comparison of the Indian 
Diet with the EAT-Lancet Reference Diet. BMC Public Health, 20, Article No. 812.  
https://doi.org/10.1186/s12889-020-08951-8  

[38] Anjana, R.M., Srinivasan, S., Sudha, V., Joshi, S.R., Saboo, B., Tandon, N., et al. 
(2022) Macronutrient Recommendations for Remission and Prevention of Diabetes 
in Asian Indians Based on a Data-Driven Optimization Model: The ICMR-INDIAB 
National Study. Diabetes Care, 45, 2883-2891. https://doi.org/10.2337/dc22-0627  

[39] Noronha, J.C. and Mechanick, J.I. (2022) Is There a Role for Diabetes-Specific Nu-
trition Formulas as Meal Replacements in Type 2 Diabetes? Frontiers in Endocri-

https://doi.org/10.4236/fns.2024.157040
https://doi.org/10.1136/bmjnph-2020-000072
https://doi.org/10.2337/dc20-S016
https://doi.org/10.2337/dc06-0560
https://doi.org/10.1177/03795721211025434
https://doi.org/10.1123/jpah.2016-0632
https://doi.org/10.3399/bjgp17X689005
https://doi.org/10.1007/s13410-022-01134-8
https://doi.org/10.1177/1403494808101373
https://doi.org/10.1016/j.jand.2014.07.020
https://doi.org/10.4236/jdm.2013.31002
https://doi.org/10.1111/1753-0407.12378
https://doi.org/10.1186/s12889-020-08951-8
https://doi.org/10.2337/dc22-0627


D. Khanna et al. 
 

 

DOI: 10.4236/fns.2024.157040 633 Food and Nutrition Sciences 
 

nology, 13, Article 874968. https://doi.org/10.3389/fendo.2022.874968  

[40] Röhling, M., Kempf, K., Banzer, W., Berg, A., Braumann, K.M., Tan, S., et al. (2020) 
Prediabetes Conversion to Normoglycemia Is Superior Adding a Low-Carbohydrate 
and Energy Deficit Formula Diet to Lifestyle Intervention-A 12-Month Subanalysis 
of the ACOORH Trial. Nutrients, 12, Article 2022.  
https://doi.org/10.3390/nu12072022  

[41] Kim, Y., Oh, Y.K., Lee, J. and Kim, E. (2022) Could Nutrient Supplements Provide 
Additional Glycemic Control in Diabetes Management? A Systematic Review and 
Meta-Analysis of Randomized Controlled Trials of as an Add-On Nutritional Sup-
plementation Therapy. Archives of Pharmacal Research, 45, 185-204.  
https://doi.org/10.1007/s12272-022-01374-6  

[42] Kazemi, A., Ryul Shim, S., Jamali, N., Hassanzadeh-Rostami, Z., Soltani, S., Sasani, 
N., et al. (2022) Comparison of Nutritional Supplements for Glycemic Control in 
Type 2 Diabetes: A Systematic Review and Network Meta-Analysis of Randomized 
Trials. Diabetes Research and Clinical Practice, 191, Article ID: 110037.  
https://doi.org/10.1016/j.diabres.2022.110037  

[43] Evert, A.B., Boucher, J.L., Cypress, M., Dunbar, S.A., Franz, M.J., Mayer-Davis, E.J., 
et al. (2013) Nutrition Therapy Recommendations for the Management of Adults 
with Diabetes. Diabetes Care, 36, 3821-3842. https://doi.org/10.2337/dc13-2042  

[44] Viswanathan, V., Krishnan, D., Kalra, S., Chawla, R., Tiwaskar, M., Saboo, B., et al. 
(2019) Insights on Medical Nutrition Therapy for Type 2 Diabetes Mellitus: An In-
dian Perspective. Advances in Therapy, 36, 520-547.  
https://doi.org/10.1007/s12325-019-0872-8  

[45] Dwivedi, A.K., Dubey, P., Reddy, S.Y. and Clegg, D.J. (2022) Associations of Glycemic 
Index and Glycemic Load with Cardiovascular Disease: Updated Evidence from 
Meta-Analysis and Cohort Studies. Current Cardiology Reports, 24, 141-161.  
https://doi.org/10.1007/s11886-022-01635-2  

[46] Sathit, N., Preeyapat, C., Tiersidh, N. and Korbtham, S. (2023) Effects of Dietary 
Supplementation on Progression to Type 2 Diabetes in Subjects with Prediabetes: A 
Single Center Randomized Double-Blind Placebo-Controlled Trial. Annals of Clin-
ical Endocrinology and Metabolism, 7, 1-7.  
https://doi.org/10.29328/journal.acem.1001026  

[47] Ranasinghe, P., Wathurapatha, W.S., Galappatthy, P., Katulanda, P., Jayawardena, 
R. and Constantine, G.R. (2018) Zinc Supplementation in Prediabetes: A Randomized 
Double-Blind Placebo-Controlled Clinical Trial. Journal of Diabetes, 10, 386-397.  
https://doi.org/10.1111/1753-0407.12621  

[48] Karandish, M., Mozaffari-Khosravi, H., Mohammadi, S.M., Cheraghian, B. and 
Azhdari, M. (2021) The Effect of Curcumin and zinc Co-Supplementation on Gly-
cemic Parameters in Overweight or Obese Prediabetic Subjects: A Phase 2 Ran-
domized, Placebo-Controlled Trial with a Multi-Arm, Parallel-Group Design. Phyto-
therapy Research, 35, 4377-4387. https://doi.org/10.1002/ptr.7136  

[49] Niroomand, M., Fotouhi, A., Irannejad, N. and Hosseinpanah, F. (2019) Does 
High-Dose Vitamin D Supplementation Impact Insulin Resistance and Risk of De-
velopment of Diabetes in Patients with Pre-Diabetes? A Double-Blind Randomized 
Clinical Trial. Diabetes Research and Clinical Practice, 148, 1-9.  
https://doi.org/10.1016/j.diabres.2018.12.008  

[50] Veronese, N., Watutantrige-Fernando, S., Luchini, C., Solmi, M., Sartore, G., Sergi, 
G., et al. (2016) Effect of Magnesium Supplementation on Glucose Metabolism in 
People with or at Risk of Diabetes: A Systematic Review and Meta-Analysis of 

https://doi.org/10.4236/fns.2024.157040
https://doi.org/10.3389/fendo.2022.874968
https://doi.org/10.3390/nu12072022
https://doi.org/10.1007/s12272-022-01374-6
https://doi.org/10.1016/j.diabres.2022.110037
https://doi.org/10.2337/dc13-2042
https://doi.org/10.1007/s12325-019-0872-8
https://doi.org/10.1007/s11886-022-01635-2
https://doi.org/10.29328/journal.acem.1001026
https://doi.org/10.1111/1753-0407.12621
https://doi.org/10.1002/ptr.7136
https://doi.org/10.1016/j.diabres.2018.12.008


D. Khanna et al. 
 

 

DOI: 10.4236/fns.2024.157040 634 Food and Nutrition Sciences 
 

Double-Blind Randomized Controlled Trials. European Journal of Clinical Nutrition, 
70, 1354-1359. https://doi.org/10.1038/ejcn.2016.154  

[51] Leader, N.J., Ryan, L., Molyneaux, L. and Yue, D.K. (2013) How Best to Use Partial 
Meal Replacement in Managing Overweight or Obese Patients with Poorly Controlled 
Type 2 Diabetes. Obesity, 21, 251-253. https://doi.org/10.1002/oby.20057  

[52] Sun, J., Wang, Y., Chen, X., Chen, Y., Feng, Y., Zhang, X., et al. (2008) An Integrated 
Intervention Program to Control Diabetes in Overweight Chinese Women and Men 
with Type 2 Diabetes. Asia Pacific Journal of Clinical Nutrition, 17, 514-524. 

[53] Tatti, P., di Mauro, P., Neri, M., Pipicelli, G. and Mussad, V.A. (2010) Effect of a 
Low-Calorie High Nutritional Value Formula on Weight Loss in Type 2 Diabetes 
Mellitus. Mediterranean Journal of Nutrition and Metabolism, 3, 65-69.  
https://doi.org/10.1007/s12349-009-0050-7  

[54] Mohan, V., Kalpana, N., Lakshmipriya, N., Anitha, P., Gayathri, R., Vijayalakshmi, 
P., et al. (2019) A Pilot Study Evaluating the Effects of Diabetes Specific Nutrition 
Supplement and Lifestyle Intervention on Glycemic Control in Overweight and Obese 
Asian Indian Adults with Type 2 Diabetes Mellitus. Journal of the Association of 
Physicians of India, 67, 25-30. 

[55] Mustad, V.A., Hegazi, R.A., Hustead, D.S., Budiman, E.S., Rueda, R., Maki, K., et al. 
(2020) Use of a Diabetes-Specific Nutritional Shake to Replace a Daily Breakfast and 
Afternoon Snack Improves Glycemic Responses Assessed by Continuous Glucose 
Monitoring in People with Type 2 Diabetes: A Randomized Clinical Pilot Study. BMJ 
Open Diabetes Research & Care, 8, e001258.  
https://doi.org/10.1136/bmjdrc-2020-001258  

[56] Bhoite, R., Chandrasekaran, A., Pratti, V.L., Satyavrat, V., Aacharya, S., Mane, A., et 
al. (2021) Effect of a High-Protein High-Fibre Nutritional Supplement on Lipid Pro-
file in Overweight/Obese Adults with Type 2 Diabetes Mellitus: A 24-Week Random-
ized Controlled Trial. Journal of Nutrition and Metabolism, 2021, Article ID: 
6634225. https://doi.org/10.1155/2021/6634225  

[57] Dharmalingam, M., Das, R., Jain, S., Gupta, S., Gupta, M., Kudrigikar, V., et al. 
(2022) Impact of Partial Meal Replacement on Glycemic Levels and Body Weight in 
Indian Patients with Type 2 Diabetes (PRIDE): A Randomized Controlled Study. 
Diabetes Therapy, 13, 1599-1619. https://doi.org/10.1007/s13300-022-01294-0  

[58] Kokubo, E., Morita, S., Nagashima, H., Oshio, K., Iwamoto, H. and Miyaji, K. (2022) 
Blood Glucose Response of a Low-Carbohydrate Oral Nutritional Supplement with 
Isomaltulose and Soluble Dietary Fiber in Individuals with Prediabetes: A Random-
ized, Single-Blind Crossover Trial. Nutrients, 14, Article 2386.  
https://doi.org/10.3390/nu14122386  

[59] Mayr, P., Kuhn, K.S., Klein, P., Stover, J.F. and Pestana, E.A. (2016) A Diabetes-Specific 
Oral Nutritional Supplement Improves Glycaemic Control in Type 2 Diabetes Pa-
tients. Experimental and Clinical Endocrinology & Diabetes, 124, 401-409.  
https://doi.org/10.1055/s-0042-100909  

[60] Stenvers, D.J., Schouten, L.J., Jurgens, J., Endert, E., Kalsbeek, A., Fliers, E., et al. 
(2014) Breakfast Replacement with a Low-Glycaemic Response Liquid Formula in 
Patients with Type 2 Diabetes: A Randomised Clinical Trial. British Journal of Nutri-
tion, 112, 504-512. https://doi.org/10.1017/S0007114514001123  

[61] Lansink, M., van Laere, K.M., Vendrig, L. and Rutten, G.E. (2011) Lower Postpran-
dial Glucose Responses at Baseline and after 4 Weeks Use of a Diabetes-Specific 
Formula in Diabetes Type 2 Patients. Diabetes Research and Clinical Practice, 93, 
421-429. https://doi.org/10.1016/j.diabres.2011.05.019  

https://doi.org/10.4236/fns.2024.157040
https://doi.org/10.1038/ejcn.2016.154
https://doi.org/10.1002/oby.20057
https://doi.org/10.1007/s12349-009-0050-7
https://doi.org/10.1136/bmjdrc-2020-001258
https://doi.org/10.1155/2021/6634225
https://doi.org/10.1007/s13300-022-01294-0
https://doi.org/10.3390/nu14122386
https://doi.org/10.1055/s-0042-100909
https://doi.org/10.1017/S0007114514001123
https://doi.org/10.1016/j.diabres.2011.05.019


D. Khanna et al. 
 

 

DOI: 10.4236/fns.2024.157040 635 Food and Nutrition Sciences 
 

[62] Huhmann, M.B., Smith, K.N., Schwartz, S.L., Haller, S.K., Irvin, S. and Cohen, S.S. 
(2016) Plasma Glucose and Insulin Response to Two Oral Nutrition Supplements in 
Adults with Type 2 Diabetes Mellitus. BMJ Open Diabetes Research & Care, 4, 
e000240. https://doi.org/10.1136/bmjdrc-2016-000240  

[63] Allison, D.B., Paultre, F., Maggio, C., Mezzitis, N. and Pi-Sunyer, F.X. (1995) The Use 
of Areas under Curves in Diabetes Research. Diabetes Care, 18, 245-250.  
https://doi.org/10.2337/diacare.18.2.245  

[64] Trumbo, P.R. (2021) Global Evaluation of the Use of Glycaemic Impact Measure-
ments to Food or Nutrient Intake. Public Health Nutrition, 24, 3966-3975.  
https://doi.org/10.1017/S1368980021000616  

[65] Bessell, E., Markovic, T.P., Caterson, I.D. and Fuller, N.R. (2023) Changes in Predia-
betes Status among Adults during a 6-Month Randomized Placebo-Controlled Sup-
plement Trial with Nutrition and Lifestyle Counselling and 6-Month Follow-up. Ca-
nadian Journal of Diabetes, 47, 571-578. https://doi.org/10.1016/j.jcjd.2023.05.004  

[66] König, D., Kookhan, S., Schaffner, D., Deibert, P. and Berg, A. (2014) A Meal Re-
placement Regimen Improves Blood Glucose Levels in Prediabetic Healthy Individu-
als with Impaired Fasting Glucose. Nutrition, 30, 1306-1309.  
https://doi.org/10.1016/j.nut.2014.03.014  

[67] Vijayananthan, A. and Nawawi, O. (2008) The Importance of Good Clinical Practice 
Guidelines and Its Role in Clinical Trials. Biomedical Imaging and Intervention Jour-
nal, 4, e5. https://doi.org/10.2349/biij.4.1.e5  

[68] Khanna, D., Bhatt, J., Gupta, J., Sethi, S., Joshi, P., Pareek, M., et al. (2023) Glycemic 
Indices of Multiple Oral Nutritional Supplements: A Randomized Cross-Over Study 
in Indian Adults. Food and Nutrition Sciences, 14, 941-962.  
https://doi.org/10.4236/fns.2023.1410060  

[69] Anjana, R., Vasudevan, S., Nagarajan, L., Pradeepa, R.G., Geetha, L., Ramyabai, M., 
et al. (2015) Reliability and Validity of a New Physical Activity Questionnaire for 
India. International Journal of Behavioral Nutrition and Physical Activity, 12, Arti-
cle No. 40. https://doi.org/10.1186/s12966-015-0196-2  

[70] Beck, R.W., Connor, C.G., Mullen, D.M., Wesley, D.M. and Bergenstal, R.M. (2017) 
The Fallacy of Average: How Using HbA1c Alone to Assess Glycemic Control Can Be 
Misleading. Diabetes Care, 40, 994-999. https://doi.org/10.2337/dc17-0636  

[71] Longvah, T., Ananthan, R., Bhaskar, K. and Venkaiah, K. (2017) Indian Food Compo-
sition Tables.  
https://www.researchgate.net/profile/Thingnganing-Longvah/publication/31322671
9_Indian_food_Composition_Tables/links/589328db92851c5457486b19/Indian-foo
d-Composition-Tables.pdf  

[72] Sudha, V., Mohan, V., Anjana, R.M. and Krishnaswamy, K. (2019) Atlas of Indian 
Foods. https://drmohans.com/atlas-of-indian-foods/  

[73] ICMR-NIN (2024) Revised Short Summary Report-2024, ICMR-NIN Expert Group 
on Nutrient Requirements for Indians, Recommended Dietary Allowances (RDA) 
and Estimated Average Requirements (EAR)-2020. ICMR-National Institute of Nu-
trition. 

[74] Mechanick, J.I., Marchetti, A., Hegazi, R. and Hamdy, O. (2020) Diabetes-Specific 
Nutrition Formulas in the Management of Patients with Diabetes and Cardiometa-
bolic Risk. Nutrients, 12, Article 3616. https://doi.org/10.3390/nu12123616  

[75] Monnier, L. and Colette, C. (2015) Postprandial and Basal Hyperglycaemia in Type 
2 Diabetes: Contributions to Overall Glucose Exposure and Diabetic Complications. 
Diabetes & Metabolism, 41, 6S9-6S15.  

https://doi.org/10.4236/fns.2024.157040
https://doi.org/10.1136/bmjdrc-2016-000240
https://doi.org/10.2337/diacare.18.2.245
https://doi.org/10.1017/S1368980021000616
https://doi.org/10.1016/j.jcjd.2023.05.004
https://doi.org/10.1016/j.nut.2014.03.014
https://doi.org/10.2349/biij.4.1.e5
https://doi.org/10.4236/fns.2023.1410060
https://doi.org/10.1186/s12966-015-0196-2
https://doi.org/10.2337/dc17-0636
https://www.researchgate.net/profile/Thingnganing-Longvah/publication/313226719_Indian_food_Composition_Tables/links/589328db92851c5457486b19/Indian-food-Composition-Tables.pdf
https://www.researchgate.net/profile/Thingnganing-Longvah/publication/313226719_Indian_food_Composition_Tables/links/589328db92851c5457486b19/Indian-food-Composition-Tables.pdf
https://www.researchgate.net/profile/Thingnganing-Longvah/publication/313226719_Indian_food_Composition_Tables/links/589328db92851c5457486b19/Indian-food-Composition-Tables.pdf
https://drmohans.com/atlas-of-indian-foods/
https://doi.org/10.3390/nu12123616


D. Khanna et al. 
 

 

DOI: 10.4236/fns.2024.157040 636 Food and Nutrition Sciences 
 

https://doi.org/10.1016/S1262-3636(16)30003-9  

[76] Sreenivasamurthy, L. (2021) Evolution in Diagnosis and Classification of Diabetes. 
Journal of Diabetes Mellitus, 11, 200-207. https://doi.org/10.4236/jdm.2021.115017  

[77] Coutinho, M., Gerstein, H.C., Wang, Y. and Yusuf, S. (1999) The Relationship Between 
Glucose and Incident Cardiovascular Events. A Metaregression Analysis of Published 
Data from 20 Studies of 95,783 Individuals Followed for 12.4 years. Diabetes Care, 
22, 233-240. https://doi.org/10.2337/diacare.22.2.233  

[78] Gulati, S., Misra, A., Tiwari, R., Sharma, M., Pandey, R.M., Upadhyay, A.D., et al. 
(2023) Premeal Almond Load Decreases Postprandial Glycaemia, Adiposity and Re-
versed Prediabetes to Normoglycemia: A Randomized Controlled Trial. Clinical Nu-
trition ESPEN, 54, 12-22. https://doi.org/10.1016/j.clnesp.2022.12.028  

[79] Liu, Y., Guo, H., Wang, Q., Chen, J., Xuan, Y., Xu, J., et al. (2022) Short-Term Effects 
of Lifestyle Intervention in the Reversion to Normoglycemia in People with Predia-
betes. Primary Care Diabetes, 16, 168-172. https://doi.org/10.1016/j.pcd.2021.12.009  

[80] Amer, O.E., Sabico, S., Alfawaz, H.A., Aljohani, N., Hussain, S.D., Alnaami, A.M., et 
al. (2020) Reversal of Prediabetes in Saudi Adults: Results from an 18 Month Lifestyle 
Intervention. Nutrients, 12, Article 804. https://doi.org/10.3390/nu12030804  

[81] Shakya, P., Shrestha, A., Bajracharya, M., Shrestha, A., Kulseng, B.E., Karmacharya, 
B.M., et al. (2023) Effectiveness of a Group-Based Diabetes Prevention Education 
Program (DiPEP) in a Population with Pre-Diabetes: A Cluster Randomised Con-
trolled Trial in Nepal. BMJ Nutrition, Prevention & Health, 6, 253-263.  
https://doi.org/10.1136/bmjnph-2023-000702  

[82] Parajuli, S., Jasmin, G., Sirak, H., Lee, A.F. and Nwosu, B.U. (2022) Prediabetes: 
Adherence to Nutrition Visits Decreases HbA1c in Children and Adolescents. Fron-
tiers in Endocrinology, 13, Article 916785.  
https://doi.org/10.3389/fendo.2022.916785  

[83] Hershon, K.S., Hirsch, B.R. and Odugbesan, O. (2019) Importance of Postprandial 
Glucose in Relation to A1C and Cardiovascular Disease. Clinical Diabetes, 37, 250-259.  
https://doi.org/10.2337/cd18-0040  

[84] Yoo, H.J., An, H.G., Park, S.Y., Ryu, O.H., Kim, H.Y., Seo, J.A., et al. (2008) Use of a 
Real Time Continuous Glucose Monitoring System as a Motivational Device for Poorly 
Controlled Type 2 Diabetes. Diabetes Research and Clinical Practice, 82, 73-79.  
https://doi.org/10.1016/j.diabres.2008.06.015  

[85] Bailey, K.J., Little, J.P. and Jung, M.E. (2016) Self-Monitoring Using Continuous 
Glucose Monitors with Real-Time Feedback Improves Exercise Adherence in Indi-
viduals with Impaired Blood Glucose: A Pilot Study. Diabetes Technology & Thera-
peutics, 18, 185-193. https://doi.org/10.1089/dia.2015.0285  

[86] Mohan, V., Jain, S., Kesavadev, J., Chawla, M., Mutha, A., Viswanathan, V., et al. 
(2016) Use of Retrospective Continuous Glucose Monitoring for Optimizing Man-
agement of Type 2 Diabetes in India. Journal of the Association of Physicians of In-
dia, 64, 16-21. 

[87] Allen, N., Whittemore, R. and Melkus, G. (2011) A Continuous Glucose Monitoring 
and Problem-Solving Intervention to Change Physical Activity Behavior in Women 
with Type 2 Diabetes: A Pilot Study. Diabetes Technology & Therapeutics, 13, 
1091-1099. https://doi.org/10.1089/dia.2011.0088  

[88] Ehrhardt, N. and Al Zaghal, E. (2019) Behavior Modification in Prediabetes and 
Diabetes: Potential Use of Real-Time Continuous Glucose Monitoring. Journal of 
Diabetes Science and Technology, 13, 271-275.  
https://doi.org/10.1177/1932296818790994  

https://doi.org/10.4236/fns.2024.157040
https://doi.org/10.1016/S1262-3636(16)30003-9
https://doi.org/10.4236/jdm.2021.115017
https://doi.org/10.2337/diacare.22.2.233
https://doi.org/10.1016/j.clnesp.2022.12.028
https://doi.org/10.1016/j.pcd.2021.12.009
https://doi.org/10.3390/nu12030804
https://doi.org/10.1136/bmjnph-2023-000702
https://doi.org/10.3389/fendo.2022.916785
https://doi.org/10.2337/cd18-0040
https://doi.org/10.1016/j.diabres.2008.06.015
https://doi.org/10.1089/dia.2015.0285
https://doi.org/10.1089/dia.2011.0088
https://doi.org/10.1177/1932296818790994


D. Khanna et al. 
 

 

DOI: 10.4236/fns.2024.157040 637 Food and Nutrition Sciences 
 

[89] Taylor, P.J., Thompson, C.H. and Brinkworth, G.D. (2018) Effectiveness and Accepta-
bility of Continuous Glucose Monitoring for Type 2 Diabetes Management: A Narra-
tive Review. Journal of Diabetes Investigation, 9, 713-725.  
https://doi.org/10.1111/jdi.12807  

[90] Teo, E., Hassan, N., Tam, W. and Koh, S. (2022) Effectiveness of Continuous Glu-
cose Monitoring in Maintaining Glycaemic Control among People with Type 1 Di-
abetes Mellitus: A Systematic Review of Randomized Controlled Trials and Me-
ta-Analysis. Diabetologia, 65, 604-619. https://doi.org/10.1007/s00125-021-05648-4  

 
 
 
 
 
  

https://doi.org/10.4236/fns.2024.157040
https://doi.org/10.1111/jdi.12807
https://doi.org/10.1007/s00125-021-05648-4


D. Khanna et al. 
 

 

DOI: 10.4236/fns.2024.157040 638 Food and Nutrition Sciences 
 

Supplementary 
Table S1. Nutrient composition of Diabetic Specific Nutritional Supplement (DSNS). 

Nutrients Units Per 100 g Per 60 g 

Energy Kcal 356 213.6 

Protein g 20 12 

%En from protein % 22.5  

Fat g 10 6 

%En from fat % 25.3  

%En from MUFA % 18  

MUFA as % of total fat % 70  

Carbohydrates g 35.5 21.3 

%En from CHO % 40  

Total dietary fiber g 22 13.2 

%En from fiber % 12.4  

Total sugar g 28 16.8 

Added sucrose g 0 0 

Sodium mg 500 300 

Micronutrients   

Calcium mg 617 370.2 

Iron mg 12.96 7.776 

Zinc mg 4.25 2.55 

Selenium mcg 42 25.2 

Copper mg 0.425 0.255 

Magnesium mg 160 96 

Chromium mcg 21.6 12.96 

Vitamin A mcg 556 333.6 

Vitamin D mcg 6.17 3.702 

Vitamin E mg 12.3 7.38 

Vitamin K mcg 13.6 8.16 

Vitamin B1 mg 1.11 0.666 

Vitamin B2 mg 1.2 0.72 

Vitamin B6 mg 1.6 0.96 

Vitamin B12 mcg 2.96 1.776 

Folic acid mcg 222 133.2 

Dietary folate mcg 370.74 222.444 

Niacin mg 14.8 8.88 

Vitamin C mg 55.5 33.3 

Pantothenic acid mg 3.09 1.854 

Biotin mcg 18.5 11.1 
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Table S2. Post-prandial glucose (mg/dl) at 0, 30, 60, 90, 120, 150, 180 minutes after consuming either DSNS or isocaloric snack 
during ABGR phase of the study on days 1, 15, 29 and 43: Intention to Treat (ITT) and Per Protocol (PP) analysis. 

 ITT PP 

 DSNS  Control  
(isocaloric snack) 

 DSNS 
Control  

(isocaloric snack) 
 

Day 1 Mean SD Mean SD p-value Mean SD Mean SD p-value 

0 95.5 19.35 92.5 12.79 0.2105 97.6 22.37 91.9 12.55 0.0756 

30 114.6 21.81 127 22.46 0.0001 116.1 24.63 129.4 22.33 0.0016 

60 117.9 26.01 144.9 29.73 <0.0001 120.8 28.7 148.2 29.71 <0.0001 

90 108.3 23.82 130.4 29.92 <0.0001 111.9 27.11 134.3 29.48 <0.0001 

120 100.8 23.05 116 28.99 <0.0001 103.5 26.27 119.1 25.65 <0.0001 

150 94.5 19.55 101.8 25.27 0.0237 96.9 22.18 101.8 20.69 0.1959 

180 89.6 16.09 92.3 21.3 0.3117 91.3 18.29 92 17.29 0.834 

Day 15           

0 97.4 14.91 95 12.52 0.2611 98.8 15.71 93.9 12.63 0.0539 

30 115.3 20.86 134.8 21.39 <0.0001 117.1 20.47 134.2 21.13 <0.0001 

60 119 25.41 159.5 29.24 <0.0001 120.5 25.68 158.9 28.14 <0.0001 

90 108.5 22.96 141.2 33.11 <0.0001 110 24.42 139.9 31.24 <0.0001 

120 101.9 18.28 122.8 29.5 <0.0001 102.1 19.63 120.7 26.69 <0.0001 

150 95.2 17.51 107.1 22.45 0.0002 96 18.66 105.1 19.26 0.0072 

180 90.4 16.24 95.4 19.98 0.077 91.8 17.25 93.4 17.68 0.5491 

Day 29           

0 98.7 18.06 94.1 13.21 0.0974 99.4 18.27 94.5 13.2 0.0888 

30 117.7 19.73 140.6 21.72 <0.0001 118.5 20.03 141.1 21.82 <0.0001 

60 119.6 25.21 156.7 32.58 <0.0001 120.4 25.71 157.7 32.55 <0.0001 

90 111.74 24 138.5 33 <0.0001 112.5 24.46 139.5 32.64 <0.0001 

120 105.3 23.14 117.3 26.77 0.0065 106.1 23.58 117.8 26.97 0.0097 

150 98.2 20.3 107.5 21.22 0.0107 98.7 20.58 107.6 21.54 0.0184 

180 93.2 17.99 95 18.25 0.5706 93.8 18.3 95.2 18.4 0.6723 

Day 43           

0 101.8 17.59 98.7 15.14 0.2901 101.8 17.59 98.7 15.14 0.2901 

30 119.4 21.14 142.7 22.18 <0.0001 119.4 21.14 142.7 22.18 <0.0001 

60 122.4 25.87 158.7 31.77 <0.0001 122.4 25.87 158.7 31.77 <0.0001 

90 112.9 27.93 138.7 31.6 <0.0001 112.9 27.93 138.7 31.6 <0.0001 

120 106.2 24.19 118.4 23.87 0.0048 106.2 24.19 118.4 23.87 0.0048 

150 99.2 20.12 106 18.7 0.0492 99.2 20.12 106 18.7 0.0492 

180 92.5 16.74 93.7 17.44 0.7058 92.5 16.74 93.7 17.44 0.7058 

Note: All values are mean and SD (Standard Deviation). Significant difference between the two groups was calculated using inde-
pendent t-test at p < 0.05 and p < 0.0001. 
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Table S3. Comparison of iAUC at days 1, 15, 29 and 43 between DSNS and control (isocaloric snack): I Intention to Treat (ITT) 
and Per Protocol (PP) analysis. 

ITT DSNS Control (isocaloric snack) 
p-value  n Mean SE N Mean SE 

Day 1 100 2000.9 193.87 99 4933.8 194.85 <0.0001 

Day 15 86 1874.7 224.24 78 5914.9 235.46 <0.0001 

Day 29 86 2044.0 238.377 78 5941.5 250.3 <0.0001 

Day 43 86 1968.1 254.45 78 5495.0 257.726 <0.0001 

PP        

Day 1 65 2098.3 233.81 63 5361.0 237.495 <0.0001 

Day 15 65 1831.7 236.64 63 5838.7 240.391 <0.0001 

Day 29 65 2075.5 262.89 63 5893.8 267.031 <0.0001 

Day 43 65 1975.0 272.217 63 5340.9 276.504 <0.0001 

Note: Values are least square of means with standard error bars. p-value is calculated between the two groups using analysis of 
variance at p < 0.0001. 
 
Table S4. ITT and PP analysis of change blood pressure, FBG, HbA1C, anthropometry of participants between baseline and end-
line for both DSNS + LC and LC alone groups. 

 ITT PP 

  n DSNS + LC n LC alone 
p-value 
between 
groups 

n DSNS + LC n LC alone 
p-value 
between 
groups 

SBP (mmHg) 

Baseline 100 118.4 (3.04) 99 118.4 0.8946 65 118.5 (3.06) 63 
118.2 
(2.84) 

0.5848 

Endline 67 115.1 (4.14) 64 115.7 0.4440 65 115.0 (4.14) 63 
115.8 
(3.83) 

0.2918 

Change from 
baseline 

 −3.3 (4.63)  −2.5 (4.51) 0.3485  −3.5 (4.57)  −2.4 (4.49) 0.1997 

p-value  <0.0001  <0.0001   <0.0001  <0.0001  

DBP (mmHg) 

Baseline 100 79.3 (2.05) 99 79.2 (2.16) 0.7429 65 79.2 (1.99) 63 79.1 (2.26) 0.8157 

Endline 67 76.1 (3.6) 64 76.6 (2.88) 0.4548 65 76.1 (3.62) 63 76.5 (2.90) 0.4272 

Change from 
baseline 

 −3.1 (3.63)  −2.6 (3.72) 0.4136  −3.2 (3.63)  −2.6 (3.74) 0.3994 

p-value  <0.0001  <0.0001   <0.0001  <0.0001  

FBG venous 
blood (mg/dL) 

Baseline 100 116.69 (2.38) 99 
113.26 
(2.39) 

0.3101 65 121.6 (2.87) 63 
116.5 
(2.91) 

0.2128 

Endline 65 96.26 (1.76) 63 
92.08 
(1.79) 

0.0988 65 96.3 (1.76) 63 92.1 (1.79) 0.0988 

Change from 
baseline 

 −25.31 
(26.51) 

 −24.37 
(21.66) 

  −25.3 
(26.51) 

 −24.37 
(21.66) 

 

p-value  <0.0001  <0.0001   <0.0001  <0.0001  
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Continued 

HbA1C (%) 

Baseline 100 
5.97  

(0.19) 
99 

5.95  
(0.19) 

0.5212 65 
5.96  

(0.20) 
63 

5.95  
(0.20) 

0.7865 

Endline 67 
5.99  

(0.59) 
63 

5.93  
(0.32) 

0.4770 65 
5.99  

(0.59) 
63 

5.93  
(0.32) 

0.4770 

Change from 
baseline 

 0.034 (0.57)  −0.017 
(0.34) 

0.5403  0.034 (0.57)  0.017 
(0.34) 

0.5403 

p-value  0.634  0.6937   0.6340  0.6937  

BMI (kg/m2) 

Baseline 100 25.9 (3.81) 99 25.9 (3.84) 0.9397 65 26.0 (3.98) 63 25.7 (4.05) 0.9030 

Endline 67 25.6 (3.83) 63 25.6 (4.2) 0.9100 65 25.7 (3.88) 63 25.5 (4.24) 0.8469 

Change from 
baseline 

 −0.29 
(0.741) 

 −0.33 
(0.744) 

0.7488  0.29 (0.75)  0.34 (0.74) 0.6945 

p-value  0.0022  0.0007   0.0029  0.0006  

Body fat (%) 

Baseline 100 30 (7.28) 99 31 (7.18) 0.3241 65 31.1 (7.63) 63 31.8 (7.32) 0.5646 

Endline 67 29.9 (6.87) 64 30.9 (7.73) 0.4344 65 30 (6.93) 63 30.8 (7.75) 0.5470 

Change from 
baseline 

 −1.02 (4.34)  −0.98 (3.5) 0.9544  −1.04 (4.41)  −1.02 
(3.51) 

0.9764 

p-value  0.0583  0.0280   0.0613  0.0243  

Skeletal mass 
(%) 

Baseline 100 28.9 (4.85) 99 27.7 (4.80) 0.3721 65 28.1 (5.05) 63 27.6 (4.86) 0.5203 

Endline 67 27.9 (4.55) 64 27.7 (4.89) 0.7928 65 27.8 (4.57) 63 27.7 (4.91) 0.9477 

Change from 
baseline 

 −0.36 (2.99)  0.12 (2.59) 0.3247  −0.37 (3.04)  0.14 (2.61) 0.3106 

p-value  0.3231  0.7114   0.3252  0.3106  

Waist  
circumference 

(cm) 

Baseline 100 93.6 (9.39) 99 
91.9 

(10.48) 
0.2402 65 92.7 (9.43) 63 

91.8 
(10.44) 

0.5975 

Endline 67 91.7 (8.85) 64 
90.9 

(10.52) 
0.6334 65 91.6 (8.94) 63 

90.9 
(10.60) 

0.6948 

Change from 
baseline 

 −1.13 (1.86)  −0.88 
(1.86) 

0.4278  −1.15 (1.89)  −0.9 (1.86) 0.4543 

p-value  <0.0001  0.0004   0.0001  0.0003  

Body weight 
(kg) 

Baseline 100 67.3 (10.87) 99 66.7 (9.83) 0.6879 65 67.2 (11.03) 63 
66.2 

(10.17) 
0.5853 

Endline 67 66.8 (10.65) 64 
64.7 

(11.24) 
0.2807 65 66.8 (10.8) 63 

64.9 
(11.26) 

0.3086 

Change from 
baseline 

 −0.41 (1.27)  −1.33 
(6.27) 

0.2515  −0.4 (1.28)  −1.4 (6.31) 0.2375 

p-value  0.0104  0.0941   0.0144  0.0906  

Note: p-value for within group was calculated using paired t-test and p-value for between groups was calculated using unpaired 
t-test, significant at p < 0.05 and p < 0.0001. 
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Table S5. ITT and PP analysis of changes in type and minutes spent engaging in various kinds of physical activities among the 
participants in the two groups between baseline and endline. 

Intention to Treat (ITT) analysis 

 DSNS + LC LC alone  

 n 
Engaged in 
any activity 

(%) 

Minutes spent in 
activity n 

Engaged in 
any activity 

Minutes spent in 
activity 

Between the two 
groups 

Mean SD Mean SD 95% CI p-value 

Sedentary activities (ITT) 

Baseline 100 97 (97%) 107.9 64.3 99 96 (97%) 112.8 76.6 
(−24.90, 
15.25) 

0.6362 

Endline 65 62 (95%) 96.7 71.9 63 63 (100%) 89.8 59.4 
(−16.48, 
30.18) 

0.5621 

Change from baseline   −12.7 46.12   −9.9 26.27 
(−16.08, 
10.44) 

0.6744 

p-value within group  0.5881 0.0335   0.1631 0.0039    

Light activities (ITT) 

Baseline 100 44 (44%) 26.1 15.73 99 47 (47%) 30.5 20.44 
(−12.03, 

3.24) 
0.2557 

Endline 65 36 (55%) 23.2 8.88 63 38 (60%) 27.8 12.93 
(−9.74, 
0.60) 

0.0822 

Change from baseline   2.7 5.83   1.6 4..56 
(−1.55, 
3.65) 

0.4232 

p-value within group  0.1528 0.0181   0.1106 0.0465    

Moderate activities (ITT) 

Baseline 100 13 (13%) 32.3 18.33 99 19 (19%) 38.7 25.43 
(−23.18, 
10.42) 

0.4444 

Endline 65 64 (98%) 37.6 16.35 63 63 (100%) 38.5 13.73 
(−6.22, 
4.39) 

0.7338 

Change from baseline   33.6 15.47   30 18.71 
(−14.79, 
21.94) 

0.6844 

p-value within group  <0.0001 0.0012   <0.0001 0.0007    

Vigorous activities (ITT) 

Baseline 100 3 (3%) 23.2 5.77 99 2 (2%) 10 0 
(−0.36, 
27.03) 

0.0534 

Endline 65 4 (6%) 35 27.39 63 6 (10%) 20.8 12.01 
(−14.52, 
42.85) 

0.2877 

Change from baseline   55 NA   5 NA NA NA 

p-value within group  0.3152 NA   0.0316 NA    
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Continued 

Per Protocol (PP) 

Sedentary activities (PP) 

Baseline 65 62 (95%) 109.4 65.91 63 63 (100%) 99.8 69.18 
(−14.26, 
33.60) 

0.4251 

Endline 65 62 (95%) 96.7 71.9 63 63 (100%) 89.8 59.4 
(−16.48, 
30.18) 

0.5621 

Change from baseline   −12.7 46.12   −9.9 26.27 
(−16.08, 
10.44) 

0.6744 

p-value within group  1 0.0335   1 0.0039    

Light activities (PP) 

Baseline 65 30 (46%) 21.3 8.09 63 34 (54%) 27.3 13.99 
(−11.83, 
−0.21) 

0.0426 

Endline 65 36 (55%) 23.2 8.88 63 38 (60%) 27.8 12.93 
(−9.74, 
0.60) 

0.0822 

Change from baseline   2.7 5.83   1.6 4..56 
(−1.55, 
3.65) 

0.4232 

p-value within group  0.2925 0.0181   0.0035 0.0465    

Moderate activities (PP) 

Baseline 65 7 (11%) 35 23.45 63 10 (16%) 29.5 14.03 
(−13.82, 
24.82) 

0.553 

Endline 65 64 (98%) 37.6 16.35 63 63 (100%) 38.5 13.73 
(−6.22, 
4.39) 

0.7338 

Change from baseline   33.6 15.47   30 18.71 
(−14.79, 
21.94) 

0.6844 

p-value within group  <0.0001 0.0012   <0.0001 0.0007    

Vigorous activities (PP) 

Baseline 65 1 (2%) 20 NA 63 1 (2%) 10 NA NA NA 

Endline 65 4 (6%) 35 27.39 63 6 (10%) 20.8 12.01 
(−14.52, 
42.85) 

0.2877 

Change from baseline   55 NA   5 NA NA NA 

p-value within group  0.1657 NA   0.0518 NA    

Note: p-value is calculated using unpaired t-test between the two groups, and within the groups. Chi-square test is used to calcu-
late difference between proportion of participants engaged in various kinds of activities at baseline and endline, p-value significant 
at <0.05 and <0.0001. 

https://doi.org/10.4236/fns.2024.157040

	Efficacy of a Diabetes Specific Nutritional Supplement (DSNS) on Glycemic Response in Prediabetic Adults: A Two-Armed, Open-Labelled Randomized Controlled Study
	Abstract
	Keywords
	1. Introduction
	2. Methodology
	2.1. Study Design and Participants
	2.2. Study Product
	2.3. Acute Blood Glucose Response (ABGR) Phase
	2.4. Intervention Phase
	2.4.1. DSNS + LC versus LC Alone
	2.4.2. Continuous Glucose Monitoring (CGM)

	2.5. Data Analysis

	3. Results
	3.1. Acute Blood Glucose Response Phase
	3.1.1. Post-Prandial Blood Glucose (PPG)
	3.1.2. Incremental Area under the Curve (iAUC)

	3.2. Intervention Phase
	3.2.1. Changes in Mean FBG, Anthropometric Markers, Body Composition, Blood Pressure and HbA1C
	3.2.2. Changes in Dietary Intake and Physical Activity
	3.2.3. Changes in Continuous Glucose Monitoring (CGM) Indicators

	3.3. Safety

	4. Discussion
	5. Conclusion
	6. Salient Features of the Present Study
	Acknowledgements
	Authors’ Contributions
	Institutional Review Board Statement
	Informed Consent Statement
	Data Availability Statement
	Funding
	Conflicts of Interest
	References
	Supplementary

