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Abstract

Background: A randomized cross-over study was conducted to assess the
glycemic index (GI) of seven Oral Nutritional Supplements (ONSs). These
ONSs are designed to support the nutritional requirements of different age-
groups, physiological states, or health conditions among Indian adults. Me-
thods: The study had two phases viz., phasel (n = 18) studied two ONSs: Al
and B1 and phase 2 (n = 20) studied five ONSs: A2, B2, C2, D2 & E2. The
subjects were healthy, non-diabetic adults, aged between 20 - 44 years with a
mean Body Mass Index of 21.2 + 1.52 kg/m’ (Phase 1) and 21.0 *+ 1.45 kg/m’
(Phase 2). All these ONSs were compared with reference drinks (glucose).
The carbohydrates in one serving of each ONS were matched to carbohy-
drates from 25 grams of glucose following ISO 2010 guidelines. Capillary
blood was assessed for blood glucose response at baseline, 15, 30, 45, 60, 90
and 120 minutes. GI was calculated as the incremental area under the curve
(1AUC) for the test drinks and expressed as a percentage of the average iAUC
from glucose. Results: Phase 1 indicated that the high fiber diabetes-specific
nutrition supplement Al with higher protein (23% energy), higher fat (25%
energy) and reduced carbohydrates (40% energy) had a significantly (p =
0.002) lower GI [34 (£6)] as compared to Bl [63 (x7)] (protein 19%, fat 7%
and carbohydrates 60% energy) even with similar amount (22%) and type of
fiber. Phase 2 reported that all test products [A2 (32 £ 5), B2 (37 + 4), C2 (31 £
5), D2 (31 £ 5) and E2 (55 *+ 4)] had a low GI. As compared to phase 1, ONSs
in phase 2 had lower fiber content (1.6% - 4.6% energy). Conclusion: The
glycemic index of oral nutrition supplements is influenced not only by their
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fiber content, but also by the overall macronutrient composition including
protein (217% energy), fat (210% - 27% energy) and carbohydrates (40% -
57.5% energy).

Keywords

Glycemic Index, Oral Nutritional Supplements, Incremental Area under the
Curve, Diabetes

1. Introduction

Rapid urbanization and lifestyle changes have led to developmental transition,
facing a double burden of malnutrition in low middle-income countries like In-
dia [1] [2]. The coexistence of pre-transition diseases like undernutrition and
infectious diseases as well as post-transition, lifestyle related degenerative dis-
eases such as obesity, hypertension, cardiovascular disease, cancer, and diabetes
are widespread in India [3] [4]. Diabetes is one of the fastest growing global
health emergencies of the 21st century [5] [6]. In 2021, the countries with the
highest number of adults with diabetes were China, India, and Pakistan. Moreo-
ver, the majority of people with undiagnosed diabetes come from countries with
the highest diabetes prevalence namely China, India and Indonesia [6]. Predia-
betes is an intermediate state of hyperglycemia with glycemic parameters above
normal, but below the diabetes threshold [7]. According to a recent National
Non-communicable Disease Monitoring Survey (NNMS), the prevalence of di-
abetes and impaired fasting blood glucose (IFG) in India was 9.3% and 24.5%,
respectively [8]. Impaired Glucose Intolerance (IGT) remains a high risk for de-
veloping diabetes, with a yearly conversion rate of 5% - 10% [7]. However, pre-
diabetes should not be seen as a path to diabetes but rather as a window of op-
portunity to prevent diabetes [9]. In a country like India, with a sizeable popula-
tion of patients with diabetes, there is a need to reiterate the necessity of identi-
fying prediabetes and planning for lifestyle modifications [9] [10].

Lifestyle modification of diabetes involves changes in dietary intake, food
choices and selection, and physical activity [11] [12] [13] [14]. FAO/WHO Ex-
pert Consultation in 1997 had suggested that the concept of Glycemic Index (GI)
is very relevant in identifying and choosing foods for better management of
blood glucose [15]. The Glycemic Index is defined as the percentage of glucose
response elicited by 50 g of available carbohydrate of a test food compared with
reference food (glucose or white bread) [16] [17]. A GI value 270 is considered
high, 56 - 69 (inclusive) medium and <55 low, where glucose is equal to 100
[18]. This can be considered as a helpful means to identify the most appropriate
carbohydrate containing foods. High GI foods rapidly increased glucose level af-
ter a meal compared to low GI foods [16] [19] [20]. Many studies had demon-
strated that intake of low GI diet can not only improve glycemic control but also

provide benefits with prevention of diabetes and coronary heart disease [21] [22]
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[23].

Understanding the GI of foods will be relevant not only for known diabetics
or prediabetics, but for a large percentage of undetected hyperglycemic individ-
uals [24]. The expert panel of the International Scientific Consensus Summit from
the International Carbohydrate Quality Consortium (ICQC) confirmed that con-
sidering the high prevalence of diabetes and prediabetes globally and consistent
scientific evidence, there is a pressing need to disseminate information on GI
among the general population and health professionals, through communication
channels including food composition tables and labels on products as well as na-
tional dietary guidelines [16].

Oral Nutritional Supplements are designed to support the nutritional re-
quirements for specific ages, genders, physiological stages, or health conditions.
They are either powders which need to be reconstituted to drinks or as ready-to-
drink formulations, typically containing a balanced mix of energy, protein, fat,
and micronutrients [25] [26]. The consumption of the ONSs for people who
cannot meet their nutritional requirement has increased over the years [27] [28]
[29]. However, with an increasing prevalence of IGT and diabetes in India, it is
important to understand the impact of the macronutrient composition of these
ONSs on the blood glucose response. While a few studies have previously re-
ported the GI of supplements available in the Indian market [27] [30] [31] [32],
our study, to the best of our knowledge, represents the first comprehensive ex-
amination of the GI of a diverse range of ONSs tailored for meeting nutritional
requirements for different populations. This research aims to better under-
stand the specific role of macronutrients in influencing the GI of these sup-

plements.

2. Methodology

2.1. Ethical Considerations

This study adhered to the guidelines as outlined in the Declaration of Helsinki,
ICH guidance on Good Clinical Practice and ICMR Ethical Guidelines. The
study protocol and all its amendments and written informed consent forms were
reviewed and approved by the Institutional Ethics Committee of Om Children
Hospital (ECR/1168/Inst/G1/2018) prior to the commencement of the study.
The study personnel discussed and addressed any questions or concerns with the
participants prior to study. All participants voluntarily signed the informed
consent forms after reading them prior to enrollment and had received a copy of
the signed document. The study was conducted in two phases. Each phase was
registered with the Clinical Trials Registry-India. Phase 1 and phase 2 were reg-
istered on January 2022 (CTRI/2022/01/039765) and July 2022
(CTRI/2022/07/044082), respectively. Phase 1 was initiated in February 2022 and
completed in April 2022; Phase 2 was initiated in July 2022 and completed in
September 2022. The study flow is shown in Figure 1 CONSORT diagram [33]
for both the phases.
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Figure 1. Consort Diagram representing flow of study in Phase 1 and Phase 2.
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2.2. Study Design

The objective of the study was to assess the GI of multiple ONSs and understand
the role of macronutrient composition of the same. GI was assessed for a total of
seven ONSs and compared with reference (Glucon D). ONSs were referred to as
test drinks (Phasel: A1, B1; Phase 2: A2, B2, C2, D2, E2). Phase 1 was a double-
blind, randomized, cross-over study carried out with two test drinks (Al and B1)
and three reference drinks (C1, D1, E1). Phase 2 was a randomized, cross-over,
open-label study wherein five test drinks (A2, B2, C2, D2, E2) were assessed and
compared with reference drinks (F2, G2, H2). Both phases followed the Interna-
tional Organization for Standardization (ISO) 2010 guidelines for GI determina-

tion of food products [34].

2.2.1. Inclusion and Exclusion Criteria

The participants were included in the study if they had 1) Fasting Blood Glucose
(FBG) <100 mg/dL; 2) HbAlc level <5.7%; 3) Body Mass Index (BMI) 18.5 to
22.9 kg/m?* (both inclusive); 4) had good general health as determined by the in-

vestigator based on medical history and vital signs; 5) were willing and ability to
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follow the study protocol; 6) ability to understand and provide written informed
consent; 7) were willing to refrain from vigorous physical exercise during the
study.

The participants were excluded if they 1) had any known food allergy or into-
lerance to any food or beverages; 2) were taking any medication in the past one
week; 3) had any chronic disease or illness in the past three months (e.g., con-
gestive cardiac failure, hepatitis, hypotensive episodes etc.); 4) reported with re-
cent history of dehydration from diarrhea, vomiting or any other reason within a
period of 24-hours prior to the study; 5) had participated in any clinical trial
within the past 90 days; 6) suffered from blood loss more than 450 mL; 7) were
on an unusual diet, special diet, for whatever reason e.g., high protein diet, low
sodium diet, for two weeks prior to receiving any reference/test product; 8) per-
formed vigorous physical exercise in the morning on dosing day; 9) were preg-
nant/lactating; 10) tested positive for HIV; 11) had a current or recent history
(within one year of screening) of alcohol (14 units a week on a regular basis) or
other substance abuse; 12) were nicotine users/smokers or had quit smoking
during the past 3 months; 13) had history of Hepatitis B or C virus.

The participants were instructed to refrain from alcohol consumption, to fol-
low all study directions, return for all specified visits and not take any medica-
tion without informing the study staff. After initial screening in the visit 1, eligi-
ble participants were informed of their next scheduled date for visits.

2.2.2. Study Participants

Twenty healthy, adults male and female (non-pregnant/non-lactating) partici-
pants were enrolled in both the phases to ensure at least 10 participants per
phase completed the study as per ISO recommendations [34]. Both the phases
included males and non-pregnant/non-lactating females between the ages of 218
to <45 years. Potential participants from phase 1 (n = 97) and phase 2 (n = 34)
were screened at Visit 1 to enroll 20 participants in each phase. During screen-
ing, participants were assessed for signs/symptoms and exposure history of
COVID-19 and pre-entry scrutiny log for COVID-19. Participants were accli-
matized to the environmental conditions and room temperature for at least 15
minutes prior to clinical assessments. Demographical data (age, gender, race,
BMI) was collected. Physical examination and vital measurements (temperature,
heart rate, blood pressure and respiratory rate) were conducted and recorded
along with medical history, medication use (prescription and over the counter)
over the past four weeks and history of drug/alcohol abuse. FBG and HbAlc
were measured using venous blood for all the participants. In addition, an HIV
test was also performed. Approximately 7 ml blood was collected for the three
biochemical estimations. Urine pregnancy testing was performed in women of
child-bearing age. A total of 18 participants in phase 1 and 20 participants in
phase 2 completed the study.

2.2.3. Study Intervention
For phase 1, eligible participants (n = 18) were randomly assigned to one of five
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randomization sequences. Each sequence determined whether they would re-
ceive either the test or reference drinks. Similarly, in phase 2, eligible partici-
pants (n = 20), eight randomization sequences were used to allocate participants
to either the test or reference drinks during each visit. The randomization pro-
cedure was generated by a biostatistician from a third-party research organiza-
tion, Cliantha Research, using SAS® statistical software (Version: 9.4; SAS Insti-
tute Inc., USA). Only the unblinded pharmacist and quality assurance personnel
handled the test products and were not further involved in the study.

Based on scheduled randomization sequence, each participant was rando-
mized to receive either a test or a reference drink during each follow up visit.
Participants reported back to the study site on visit 2. All participants consumed
a standard dinner before 10 pm (within a *1 hour window period). They stayed
at the site and followed overnight fasting for 10 - 12 hours. The next morning,
FBG assessment was performed by withdrawing fingertip capillary blood through
finger stick/prick method and using validated Hemocue 201+ prior to 15 mi-
nutes (+2 minutes) of the product administration. Participants were instructed
to consume the full amount of product, as per scheduled randomization within
10 minutes. All subjects were given products between 8:00 - 9:00 am. Post prod-
uct administration, assessment of post prandial blood glucose (PPG) was per-
formed at time points at 0, 15, 30, 45, 60, 90 and 120 minutes (+2 minutes win-
dow period was for all timepoints except 0 minutes where window period was of
+2 minutes). Before the finger-prick the participants were encouraged to warm
their hands to improve the blood flow and the third finger of left hand was
pricked. To avoid diluting the blood with plasma, blood was extracted from the
fingertip without squeezing. Validated Hemocue Glucose 201+ Glucometer was
QC checked. It was ensured that the same operator used the same glucometer
equipment on the same participants throughout the study. HbAlc was measured
using the enzymatic method and was performed on the Architect ci 4100 &
Alinity ci series instrument (Abbott Laboratories) with automated analysis.
Standard lunch was provided to the participants after 2 hours of dosing. The-
reafter the participants were allowed to leave and asked to revisit after a 2-day
period for the next visit. This period served as a wash out period between the
measurements to minimize carry-over effects. This process was followed till visit
6 for phase 1 and till visit 9 for phase 2, as shown in CONSORT diagram (Figure
1).

Satiety score assessment was performed in phase 1, using the 5-point Likert
visual analogue scale (VAS) for hunger and fullness (extremely hungry, semi-
hungry, no feeling, semi-full, extremely full) with scores ranging from 1 to 5, re-
spectively. Satiety data was collected at baseline (at -5 minutes before product
consumption) and at 35, 65, 95, 125, 150 and 180-minutes post product consump-

tion and satiety scores were calculated.

2.2.4. Test and Reference Products
The ONSs in phase 1 were: 1) Diabetes-Specific Nutrition Supplement (DSNS)
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Al (Horlicks Diabetes Plus) and 2) a high fiber adult supplement B1 (Horlicks
Cardia+, a superseded supplement). References were three samples of glucose
monohydrate (C1, D1, E1). The five ONSs in phase 2 were: a) Protein supple-
ment vanilla (A2) b) Protein supplement chocolate (B2) c) Maternal supplement
vanilla (C2) d) Maternal supplement kesar (D2) e) micronutrient rich malt-
based supplement (E2). A2 and B2 were different flavors of a protein supple-
ment (Horlicks Protein Plus vanilla & chocolate respectively) with minor differ-
ences in protein source. C2 and D2 were identical formulations of a maternal
supplement (Horlicks Mothers Plus varied only in flavor vanilla and kesar, re-
spectively), therefore GI of each flavor was tested in 2 groups of 10 participants
each. E2 was a micronutrient rich malt based ONS supplement for children
(Horlicks). References were three samples of glucose monohydrate (F2, G2, H2)
in phase 2. All ONSs were under the brand name Horlicks and were provided by
Hindustan Unilever Limited (HUL). The reference was Glucon D (from Zydus
Wellness Products Limited).

Both Al and B1 were high fiber formulations with matched level (22%) and
type of soluble fiber but with varying levels of carbohydrate, protein, and fat.
Formula A1l was revised from B1 basis ICMR-INDIAB 2021 recommendations
for type 2 diabetes (T2D) remission and prevention of progression to T2D in
prediabetic and normal glucose tolerance (NGT) individuals [13]. These revi-
sions involved reducing the carbohydrate content (from 60% to 40% of energy),
increasing the protein content (from 19% to 23% of energy), and raising the fat
content (from 7% to 25% of energy). The fiber levels and type remained the
same (22%, soluble). Monounsaturated fatty acid (MUFA) was added in Al as
70% of total fat content (=18% of energy). Energy percent contribution of all test
products is shown in Table 1.

2.2.5. GI Determination

GI is expressed as a percentage of the incremental area under the glycemic re-
sponse curve (iAUC) induced by a portion of food containing 50 g or 25 g
available carbohydrate in comparison with the AUC generated by a standard

Table 1. Energy percent distribution of each macronutrient for test products in Phase 1
and Phase 2.

Test Products

Phase 1 Phase 2
Al Bl A2a B2a C2b D2b E2c
Carbohydrate (%) 40.0 60.0 52.4 52.4 57.5 57.5 57.5
Protein (%) 22.5 19.1 36.4 36.4 25.1 25.1 16.5
Fat (%) 25.3 7.1 9.6 9.6 12.8 12.8 27
Fiber (%) 12.4 13.8 1.6 1.6 46 46 .

a. A2 and B2 had minor differences in protein source; b. C2 and D2 had an identical ma-
cronutrient composition; c. Supplement as consumed in toned milk (200 ml).
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reference food of 50 g or 25 g glucose or white bread in the same participant [17]
[34]. In the present study, glycemic response curve was generated by adminis-
tering foods equivalent to 25 g of carbohydrates.

For phase 1, to achieve 25 g carbohydrate, 70.8 g A1, 52.3 g B1, and 27.5 g ref-
erence products (C1, D1, E1) were consumed with 250 mL of water (Table 1).
For phase 2, to achieve 25 g carbohydrate, 50.7 g A2, 50.6 g B2, 50.46 g C2, 50.69
g D2 were consumed with 250 mL of water (Table 2). As test formulation E2 is a
micronutrient rich malt based ONS supplement for children to be consumed in
milk, the GI of test product E2 was determined using milk (27 g added to 200 ml
milk). The reference products F2, G2 and H2 were consumed with 250 mL of
water.

Safety of test products were assessed in terms of overall well-being of the par-
ticipant throughout the study and adverse events reported by participants or as-

sessed by investigators using a questionnaire.

2.3. Statistical Analysis

Statistical analysis was performed using R version 4.1.1. The analyses were con-
ducted separately for phases 1 and 2. Baseline characteristics of the participants
were summarized descriptively. The mean blood glucose concentration for each
product was plotted over time and reported as mean + SD. It was observed that
there were no significant differences in three reference products used in each
phase, therefore their average (R1 and R2 in phase 1 and phase 2, respectively)
was used for comparison with the test drinks in both the phases using repeated
measures ANOVA at each time point in both the phases. Between-product dif-
ferences in phase 1 were compared at each timepoint using the paired t-test. Us-
ing the blood glucose concentration data, the iAUC was calculated for each par-
ticipant and product using the trapezoid rule. The iAUC for each product is re-
ported as mean + SE. The average iAUC of the reference product consumed by a
participant across the 3 days was used in the comparison. For an individual par-

ticipant, GI of each test product was computed using the formula:

Table 2. Baseline characteristics of participants in Phase 1 and Phase 2, Mean (SD).

Characteristics Phase 1 Phase 2 p-value
N 18 20
Age 34.2 (7.67) 34.3 (7.19) 0.967
Weight (kg) 55.5 (4.99) 55.1 (6.21) 0.829
Height (cm) 162 (8.44) 161.1 (9.76) 0.764
BMI (kg/m?) 21.2 (1.52) 21.0 (1.45) 0.681
FBG (mg/dL) 80.2 (6.12) 84.5 (5.67) 0.031°
HbALC (%) 5.3 (0.22) 5.1 (0.23) 0.010°

*Values were statistically significant at p < 0.05 using t-test between phase 1 and phase 2
for baseline characteristics.
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o0 = (A/ B <100

where, 4, is the iAUC of the test product, A is the average iAUC of the ref-
erence product across the 3 days when it was administered. The GI of each test
product was expressed as mean + SE and was rounded to the nearest whole
number. The mean GI of the test products in phase 1 and phase 2 were com-
pared using the paired t-test. Statistical analysis for satiety assessment was per-
formed at each timepoint to detect significant changes from baseline in each of
the test products, using the paired t-test. All comparisons were performed at the

5% level of significance.

3. Results

In each phase of the study, 20 eligible participants were enrolled. Each partici-
pant was randomly assigned to one of five products (phase 1) or eight products
(phase 2) as per the cross-over design shown in Figure 1. Finally, 18 participants

in phase 1 and 20 participants in phase 2 completed the study.

3.1. Baseline Characteristics

All study participants were healthy with ages between 20 - 44 years in both the
phases; mean BMI was 21.2 + 1.52 kg/m” in phase 1 and 21.0 + 1.45 kg/m’ in
phase 2 and 50% of the participants were females in both the phases. All female
participants were non-pregnant, non-lactating at the time of study intervention.
Mean FBG and HbA1C were in the safe range for all the participants in both the

phases. Details of baseline characteristics are presented in Table 2.

3.2. Blood Glucose Response

Figure 2(a) shows post-prandial glucose (PPG) response from 0 to 120 minutes
for all drinks studied in phase 1. There was no significant difference in PPG le-
vels between the three reference drinks (C1, D1, E1) at any time point (p < 0.05),
therefore the average values of these three reference drinks were calculated (R1)
and used for comparison with the two test drinks (Al and B1). The blood glu-
cose response for glucose (R1) and both test drinks peaked at 30 minutes and
PPG values were significantly lower in both the tests drinks (Al and B1) as
compared to reference drink (R1, p < 0.001) shown in Table 3. It was also ob-
served that both Al and Bl had significantly lower values than R1 reference
glucose values at all time points 15 (p < 0.001), 30 (p < 0.001), 45 (p < 0.001), 60
(p < 0.001) and 120 minutes (p < 0.001) except at 90 minutes (p = 0.204). There
were significant differences in the blood glucose response between the two test
drinks (A1 and B1) in Phasel at 15 minutes (p = 0.016), 30 minutes (p < 0.001),
45 minutes (p < 0.001), 90 minutes (p = 0.024) and 120 minutes (p = 0.049).
Figure 2(b) shows the PPG response from 0 to 120 minutes for all drinks stu-
died in phase 2. There was no significant difference in PPG levels between the

three reference drinks (F2, G2 and H2) at any time point (p < 0.05), therefore
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Figure 2. Mean (SD) blood glucose response (a) Phase 1 (b) Phase 2 of test and average
reference drinks at baseline and after 15, 30, 45, 60, 90 and 120 minutes of administration.
*Values were statistically significant at p < 0.05.

the average values of these three reference drinks were calculated (R2). This av-
erage R2 has been used for comparison with the five test drinks.

In Phase 2, out of the five, four test drinks (A2, B2, C2, E2) reported peak
blood glucose concentrations at 30 minutes and one test drink (D2) at 45 mi-
nutes post consumption (Table 3). Except baseline, the blood glucose concen-
trations were significantly lower in the test drinks (A2, B2, C2, D2 & E2) at all
other timepoints [15 (p = 0.002), 30 (p < 0.001), 45 (p < 0.001), (60 (p < 0.001),
(90 (p = 0.009) and 120 minutes (p = 0.014)] compared to the blood glucose
concentration of reference drink (R2). The details of PPG values of various test
drinks and reference drinks are given in Supplementary Table S1 (See supple-
mentary materials).
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Table 3. Mean (SD/SE) iAUC, PPG, and GI of test products from phase 1 and phase 2.

Peak Post Prandial Gl .
Test Products iAUC Glucose, PPPG yeemic
Index, GI
(mg/dL)
Phase 1
Al 1008 (187) 95.8 (7.44) 34 (£6)
Bl 1820 (207)® 116.9 (12.24) 63 (£7)°
Average
Reference 2997 (257)° 137.1 (13.61)
Drink R1
Phase 2
A2 1111 (161) 95.7 (13.63) 32 (£5)
B2 1260 (166) 105.8 (10.92) 37 (£4)
C2 1076 (190) 95.4 (8.30) 31 (£5)
D2 1076 (190) 93.3 (9.36) 31 (£5)
E2 1890 (187) 108.3 (18.65) 55 (£4)°
Average
Reference Drink 3516 (+257)¢ 134.6 (19.46)° -
R2

All values are Mean (SD/SE as applicable). iAUC: incremental area under the 120-min
plasma glucose curve, PPPG: peak postprandial glucose, GI: Glycemic Index. Mean with
different superscript letters in column are significantly higher (p < 0.05) in their respec-
tive phases with repeated measures ANOVA or paired t-tests as applicable.

3.3. Incremental Area under Curve (iAUC)

Table 3 and Figure 3(a) show the mean (+SE) incremental area under the curve
(1AUC) for test and reference drinks from 0 to 120 minutes for phase 1. The
iAUC was significantly different between Al and B1 [1008 (+187) and 1820
(¥207) mg/dL x minutes; p < 0.001] respectively. Since the reference products
C1, D1 and E1 had similar iAUC values, an average of reference drinks (R1) was
taken for ease of interpretation (R1: 2997 + 257 mg/dL x minutes). Both Al and
B1 had significantly lower iAUC as compared to the average iAUC for reference
(R1) post 120 minutes (p < 0.001). Figure 3(b) shows the mean (+SE) iAUC for
phase 2. Since the reference products F2, G2 and H2 were the same reference
drink (glucose) and had similar iAUC values, an average was taken for ease of
interpretation (3516 + 257 mg/dL x minutes). The iAUC for all five test drinks
A2, B2, C2, D2 and E2 was significantly lower than the average iAUC for refer-
ence drinks (p < 0.001).

3.4. Glycemic Index

Mean (+SE) GI of Al and B1 were 34 (£6) and 63 (+7) respectively, with Al
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Figure 3. Mean Incremental area Under the Curve (iIAUC) (a) Phase 1 (b) Phase 2 for
various test and reference drinks; *Values were statistically significant at p < 0.05 vs Al;
**Values were statistically significant at p < 0.05 vs all other products in that phase.

reporting a significantly lower GI compared to B1 (p = 0.002). The revised DSNS
Al was found to be low GI (<55) whereas the formula Bl was medium GI
(Table 3). Mean (+SE) GI of the high protein supplements, A2 and B2 were 32
(£5) and 37 (+4) respectively. The mean (+SE) GI of maternal supplements C2
and D2 was 31 (£5) as the formulas were identical. The mean (£SE) GI of the
micronutrient rich malt-based supplement E2 was 55 (+4). In addition to Al
from phase 1, all test formulations A2, B2, C2, D2 and E2 tested in phase 2 had
low GI.

3.5. Safety Endpoints

Only one study participant in phase 1 experienced discomfort and nausea after
consumption of test product Al at Visit 4. After well-being assessment, the par-
ticipant was fine and didn’t complain of any subsequent discomfort or nausea.
Product compliance was 100% for both phases 1 and 2 as the product was admi-

nistered under supervision.

3.6. Satiety

Assessment of satiety scores using the visual analogue scale was performed in
phase 1. Following product consumption, the mean satiety score remained above
baseline until 180 minutes for Al and 150 minutes for Bl and was significantly
higher than baseline until 125 minutes post consumption of the products (p <
0.05).

4. Discussion

With an increasing prevalence of IGT and diabetes, it is important to understand
the GI of the oral nutritional supplements (both for diabetic and non-diabetic)
on the blood glucose response and the impact of macronutrient composition on
the same. Determining GI of foods is important in making informed food
choices for better blood glucose management. Thus, the current study aimed to

determine the GI of multiple ONSs, including diabetic, maternal, protein and
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micronutrient rich supplements and to understand the role of macronutrients
composition.

In the present study, all the test drinks were high in protein (17% - 36% ener-
gy) and fat (10% - 27% energy). In Phase 1, we studied the GI of two high fiber
formulations with matched type and amount of soluble fiber (22%), with varying
levels of protein, fat, and carbohydrates (Table 2). Carbohydrates in Al were
reduced to 40% energy and increased protein and fat to 23% and 25% of energy
respectively, keeping fiber levels and type of fiber, identical to B1. In addition,
the monounsaturated fatty acid (MUFA) was added at 70% of total fat levels
(=18% of energy). These revisions in the composition of ONS shifted the me-
dium GI [63 (£7)] Bl to a low GI [34 (£6)] Al. Both the high fiber formulations
Al and BI reported significantly higher satiety scores as compared to reference
(data not shown). In Phase 2, all the test formulations had carbohydrate, protein,
and fat energy percent that ranged from 52% - 58%, 17% - 36% and 10% - 27%
respectively (Table 1). All test products in phase 2 were low GI (Table 3). Our
finding was in consensus with other studies demonstrating that reducing the
amount of carbohydrates in a meal has a favorable effect on PPG levels [35].

Many previous studies have reported the role of fiber content, type of fiber,
food form, type of cereals, carbohydrate, protein and fat amount and fat compo-
sition etc. have an important effect on GI of foods [36]-[42] and may not neces-
sarily predict glycemic parameters [43] [44] [45] [46].

In one of the initial studies on GI determination, 62 commonly eaten foods
were fed individually to groups of 5 - 10 healthy fasting volunteers. Blood glu-
cose levels were measured over 2 hours and expressed as a percentage of the
AUC curve when the same amount of carbohydrate was taken as glucose. A sig-
nificant negative relationship of PPG rise was seen with fat (p < 0.01) and pro-
tein (p < 0.001) but not with fiber or sugar content [17]. Another detailed study
observed the relationship between dietary fiber and GI where dietary fiber con-
tent and composition of 25 foods were related to their GI. Total dietary fiber was
significantly related to GI (r = 0.461, p < 0.05) but not the soluble fiber (r =
0.308) [47]. This is relevant as both the test products from phase 1 (Al and B1)
had the same type and amount of soluble fiber. No simple correlation exists be-
tween the fiber content of foods and their GI and that different types of dietary
fiber have different effects [48] [49] [50].

Another study assessed the blood glucose response to feeding 50-g carbohy-
drate portions of white and whole meal bread and white spaghetti. The study
reported identical blood glucose rises after white and whole meal bread, but the
response after spaghetti was markedly reduced. This result indicates that food
form rather than just fiber may be important in determining the glycemic re-
sponse [41]. A study measured the PPG in patients with T2D in response to
isoglucidic portions (50 g available carbohydrate) of three starch-rich foods: 65 g
spaghetti, 90 g white bread, and 285 g potatoes. This study highlighted that when
a portion of bread replaced spaghetti with the same amount of available carbo-
hydrate, the glycemic response increased by 68%. When spaghetti was replaced
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with potatoes, the glycemic response was 48% higher. The differences could not
be accounted for by the amount of carbohydrate or dietary fiber as it was similar
in the three test meals [40].

The glycemic index of a food is also dependent on the presence of fat [51],
protein [52], and anti-nutrients [53] and its interaction with starch digestible
enzymes (slow digestible starches and rapid digestible starches) [46]. The inclu-
sion of whey to meals with rapidly digested and absorbed carbohydrates pro-
motes insulin release and reduces PPG excursion [38]. In another study that ex-
plored the effects of protein on insulin and glucose response, 14 healthy nor-
mal-weight participants were fed test meals containing 0, 15.8, 25.1, 33.6, and
49.9 g protein along with approximately 58 g carbohydrate. Mean areas of the
glucose curves above fasting decreased with increasing protein dose. Meals con-
taining protein generated significantly lower (p < 0.01) AUC than protein-free
meals. It was concluded that co-ingestion of protein with carbohydrate reduces
glycemic response [39]. This can modify the gastrointestinal transit time which
in turn affects the rates of glucose absorption. Many recent studies demonstrated
that fatty acids [54] [55] and amino acids [35] [56] can stimulate secretion of
various gut enzymes in the gastrointestinal tract that influence post prandial
glucose metabolism [36] [57] [58] [59]. Previous studies have indicated that
co-ingestion of fat with carbohydrates had shown a significant reduction in the
glucose response and GI [51] [55] [60]. However, a recent study had demon-
strated that there is no change in glycemic responses and GI of adding various
amounts of fat to carbohydrates, but serum cholesterol levels remained unaf-
fected [36].

Most supplements in this study are reported to be low GI (<55). Our findings
are in agreement with the previous data which supports that it is not the total fi-
ber content but the overall composition of the food, especially the macronu-
trients (protein, fat and carbohydrates) that determine the PPG response. Opti-
mally altering food composition allows low PPG/GI [61] [62]. If food and nutri-
tion industries enable this information around the GI of foods, based on their
expertise and experience around science and technology, it will contribute to-
wards the increased awareness and availability of low-GI foods. At a population

level, this will allow for selection and prescription of low GI foods.

Strengths and Limitations

The design of this study was strong as it was a randomized, controlled,
cross-over trial. The adherence to ISO 2010 guidelines for GI determination and
participant enrollment adds credibility to the study’s methodology and ensures
standardized procedures. A high rate of compliance, completeness of data, and
minimal loss to follow-up are strengths of this study. Additionally, this study is
comprehensive with a wider application as it includes GI determination of nutri-
tion supplements for different segments of the population available in Indian
market (Box 1).
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e With an increasing prevalence of IGT and diabetes in India, it becomes important to understand the
impact of commercially available ONSs on the blood glucose response.

e Determination of GI of foods and the role of macronutrient composition on the same is relevant in
making informed food choices for better blood glucose management.

e This study was carried out to determine the GI of multiple ONS with varied ranges of
macronutrients. Basis ISO 2010 method, GI was calculated as the iAUC for the test drink
and expressed as a percentage of the average iAUC response from glucose.

. Findings from phase 1 reported the mean (+SE) GI of Al and B1 as 34 (+6) and 63 (+7) respectively.
From phase 2, mean (+SE) GI of A2, B2, C2, D2 and E2 was 32 (£5), 37 (+4), 31 (£5), 31 (£5) and 55
(+4) respectively. Except B1, all HFDs tested in this study were low GI (<55).

e  Even with a matched fiber type and amount (as in Al and B1), it was the high protein and high fat
with reduced carbohydrates in A1 that seem to be responsible for lowering the GI.

e  Findings from this study are consistent with the previous studies that not just the fiber, it is the

overall macronutrient composition specifically higher protein and fat and reduced carbohydrates

that play an important role in influencing the GI of nutrition supplements.

Box 1. Summary of study rationale, key study results, and take-home messages.

Findings from this study may have limited generalizability beyond the Indian
population as dietary habits, genetics and other factors can vary significantly
across different regions and populations affecting the impact of nutrition sup-
plements on glycemic control. Follow up studies are necessary to assess the sus-
tained effects of these nutrition supplements on glycemic control in diabetics
and prediabetics. The present study focused on measuring GI after a single dose
administration of the supplements. Long-term usage may have different effects
on the glycemic control and overall health. Future research is required to under-
stand the potential consequences of extended consumption of these supple-

ments.

5. Conclusion

It may be concluded that it is not just the fiber, but other factors such as the ma-
cronutrient composition involving high protein (=17% energy) and fat (=10% -
27% energy) coupled with reduced carbohydrates (=40% - 58% energy) that play

an important role in lowering the GI of oral nutrition supplements.
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Supplementary Materials

Table S1 PPG, iAUC and GI of test and reference products at each time point of the study.

Table S1. PPG, iAUC and GI of various test and reference ONS in Phase 1 and Phase 2.

Baseline 15 min 30 min 45 min 60 min 90 min 120 min iAUC GI
Phase 1
Al 79.2* (7.07) 87.9 (9.12) 95.8 (7.44) 90.1 (14.19) 88.7 (14.64) 84.7 (9.1) 79.5(7.17) 1008 (187) 34 (6)
Bl 78.2% (7.11) 98 (14.22) 116.9 105.7 94.2 (17.21) 798 74.6 (9.51) 1820 (207) 63 (7)
‘ ' ‘ (12.24 (17.26) ’ ’ (11.16) T
- 81.0 (5.99) 109.0 137.1 129.5 114.6 86.2 693 (6.64) 2997 (257)
T (11.30)  (13.61) (14.85) (18.51) (12.91) T
p-value* 0.457 <0.001  <0.001 <0.001 <0.001 0.204 0.001 <0.001 -
p-valuet*
0.542 0.016 <0.001 <0.001 0.073 0.024 0.049 <0.001** 0.002**
(Al vs Bl)
Phase 2
A2 78.7 (5.69) 0.8 957 89.9 (14.1) 86.8 (12.36) 85.1 (9.93) 78.6 (7.67) 1111 (161) 32 (5)
R (12.62)  (13.63) ’ ’ ' ' T o
B2 78.8 (8.03) 943 105.8 92.6 (11.46) 86.8 (10.12) 84.3 (7.72) 78.4 (6.31) 1260 (166) 37 (4)
T (11.82)  (10.92) ’ ’ ' ' T T
C2 72.7 (8.89) 81.8 004 93.3(9.36) 91.1 (9.80) 80.7 (5.17) 76.3 (8.79) 1076 (190) 31 (5)
R (10.02)  (10.78) T T T T
91.6
D2 81.5 (4.98) (1097) 95.4 (8.30) 88.9 (9.43) 84.4 (6.82) 82.5(4.90) 77.1(6.79) 1076 (190) 31 (5)
E2 77.6 (7.93) 4.9 108.3 105.3 98.8 (15.02) 81.6 76.8 (6.53) 1890 (187) 55 (4)
M (16.35)  (18.65) (14.76) ’ ' (10.19) T
R 77.9 (6.63) 103.6 134.5 134.6 120.6 92.4 709 (7.51) 3516 (1244)
T (14.24)  (14.31) (19.46) (21.78) (14.06) T
p-value* 0.152 0.002 <0.001 <0.001 <0.001 0.009 0.014 <0.001 -

Al, Bl, A2, B2, C2, D2, E2 were test products. R1 and R2 are average of reference products (glucose monohydrate) in Phase 1 and
Phase 2 respectively. All values are mean (SD/SE as applicable), *Repeated measures ANOVA between test and reference products
at p < 0.05; **paired t-test between Al and B1 in phase 1 at p < 0.05.
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