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Abstract

Background: People with type 2 diabetes incorporate diabetes-specific nutritional formulas (DSNFs)
in their nutrition therapy to enhance glycemic control and manage body weight. Among these formulas,
the GEN-DM modified formula (GEN-DM MF) has been widely used for several years. However,
the glycemic index (GI) of GEN-DM MF has not yet been determined.

Objective: This study aimed to assess the GI of GEN-DM MF.

Methods: Ten healthy adults with normal oral glucose tolerance were included. The plasma glucose
was measured at 0 (baseline), 30, 60, 90 and 120 minutes after consuming 50 grams of glucose solution.
On the subsequent two days, plasma glucose measurement was repeated using 84.46 g of GEN-DM
MF containing 50 g of carbohydrates. The GI was calculated by dividing the incremental area under
the glucose response curve (1IAUC) of GEN-DM MF by the area under the glucose response curve of
the glucose solution, then multiplying the result by 100. The glycemic load (GL) was calculated by
multiplying the GI by the carbohydrate amount in one serving of GEN-DM MF (40 g) /100.

Results: Six healthy men and four women with an average age of 35.80 + 6.89 years, ranging from
28 to 44, were included in the study. The plasma glucose levels at 30 and 60 minutes following the
GEN-DM MF were significantly lower than the corresponding glucose levels with p= 0.002 and 0.013,
respectively. The GI and GL of GEN-DM MF were 37.75 and 9, respectively, which was classified as
low GI and low GL.

Conclusion: GEN-DM MF is classified as a low GI and low GL food, which could significantly lower
plasma glucose levels among healthy individuals.
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Introduction

Diabetes has become a global chronic metabolic
disease. It has been estimated that in 2021, 537
million people worldwide experienced related
complications and it directly caused more than
one million deaths annually. Type 2 diabetes
is the most prevalent form of the disease, and
glucose control is essential for its prevention and
treatment.” Diet plays a crucial role in diabetes
management. The likelihood of developing
diabetes is higher when consuming foods that
are quickly converted to glucose, whereas
incorporating foods that have a minimal impact
on blood sugar levels is a key strategy for
effectively controlling and preventing diabetes.*?
The glycemic index (GI) is a numerical scale to
evaluate the impact of food on blood glucose lev-
els ranging from 0 to 100. This evaluation is rel-
ative to a standard diet, such as glucose or white
bread, which has a GI of 100. Foods composed
of slowly absorbed carbohydrates typically have
a low GI rating of 55 or below. For individuals
with diabetes, knowing the carbohydrate quality
in various food items can help them make
dietary choices; thereby facilitating better
glycemic control.® Including low GI components
in a patient’s regimen can enhance glycemic
control. Integrating these nutritional formulas in
clinical practice enables healthcare providers to
implement them effectively in managing chronic
illnesses.*” GEN-DM MF is a commercial
Diabetes-specific Nutrition Formula (DSNFs)
made with a particular mix of nutrients that has
been used for decades to help improve glycemic
control and reduce fluctuations in blood glucose
levels. The formula was initially developed from
a DSNF called GEN-DM, which has been used
in Thailand since 1991 and exported to Southeast
Asia regions such as Lao PDR, Myanmar and
Cambodia for commercial use. The goal is to
adjust the carbohydrate composition to meet
current dietary recommendations for controlling
blood glucose levels. However, its GI has not
been determined at this time. This study aimed
to investigate the GI of GEN-DM MF to be used
as a guide when choosing foods as a nutritional
regimen for people with type 2 diabetes.
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Methods

The study was reviewed and approved by
the Institutional Review Board, Royal Thai
Army Medical Department (IRB approval
number 1120/2565). Healthy participants with
normal glucose tolerance tests were recruited.
The study conducted a thyroid function test,
liver function and Oral Glucose Tolerance Test
(OGTT) one week before initiating the study.
Participants meeting the following criteria were
eligible to participate in the study: a plasma
glucose level of less than 140 mg/dL after a
2-hour OGTT and normal liver, kidney and
thyroid function test results. Any individual
hypersensitive or allergic to the testing meal or its
additives was excluded. The participants were
asked to avoid smoking, consuming alcohol and
caffeine-containing drinks and maintain the same
diet and physical activity during the study period.

A blood sample was obtained after a 12-hour
fasting period on the first day of the research
period. The participants consumed 50 g of
glucose solution in 400 ml water within 5 minutes.
After placing an intravenous lock in a forearm
vein, blood samples were collected at 0 minutes
(baseline), 30 minutes, 60 minutes, 90 minutes
and 120 minutes, respectively. On the subsequent
two days, this plasma glucose measurement was
repeated with the test diet: GEN-DM MFTM
(Thai Otsuka Pharmaceutical Co., Ltd.) 84.46 g of
GEN-DM MF (50 g of carbohydrate equivalents
(Table 1). Plasma glucose concentration was
measured in duplicate using a glucose hexokinase
assay (GLUC3(R), Roche), which has 0.7 and
1.1% Coefficient of Variation (CV) for intra-
and interassays, respectively, on an automatic
centrifugal spectrophotometric clinical chemistry
analyzer (Cobas C702, Roche).

The study was conducted following the
internationally endorsed GI protocol, based on
the recommendations of the 1997 Joint FAO/
WHO Expert Consultation on Carbohydrates and
Human Nutrition report. The incremental area
under the glucose response curve (AUC) above
the fasting glucose concentration was calculated
using the trapezoid rule.® The AUC of each
participant after each test food was expressed
as a percentage of the mean AUC elicited by
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the reference food (glucose) in the same subject.
The study evaluated the GI of 50 gm of carbo-
hydrate-containing foods per serving. The aver-
age calculation of the mentioned values across
all subjects was designated as the GI of the food.
The glycemic load (GL) of the foods was deter-
mined through a mathematical process involving
the multiplication of the GI percentage of the
foods and the available carbohydrate content of
the food per serving (GI of test food x amount of
carbohydrate in a serving of test food (g))/100.®

Statistical analysis
Statistical analyses were performed using

SPSS, Version 25.0 Statistical Software. Continuous
variables were summarized using summary
statistics (number of observations, mean, stan-
dard deviation (SD) or median with a minimum
and maximum range). Categorical values were
summarized using frequencies and percentages.
A paired t-test was used to simultaneously evalu-
ate all the continuous parameters for each patient
between consumption groups, while Fisher’s
exact test was used to compare categorical vari-
ables. All two-tailed statistical tests were subject-
ed to a threshold for statistical significance set at
a p-value of less than or equal to 0.05.

Plasma glucose response curve of glucose solution and GEN-DM MF
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Figure 1. Plasma glucose levels at each time after glucose and GEN-DM MF consumption

Table 1. GEN-DM and GEN DM-MF composition

Ingredients GEN-DM GEN-DM MF
Content (g) per 100 kcal Content (g) per 100 kcal
Caloric distribution 17:53: 30 17:53:30
Carbohydrate 13.6 13.1
Maltodextrin Maltodextrin
Fructose Fructose
Fructo-oligosaccharide Fructo-oligosaccharide
Polydextrose Maltitol
Oat fiber
Protein 3.8 4.3
Sodium Caseinate Sodium Caseinate
Soy Protein Isolated Soy Protein Isolated
Fat 34 34
Soy Bean oil Soy Bean oil
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Results

In the screening phase, 12 individuals partici-
pated. However, due to elevated thyroid hormone
levels, two were found to have excessively high
thyroid hormone levels and were excluded from
the study. A group of ten healthy people, six men
and four women, were included in the study. The
average age was 35.80 £ 6.89 years, ranging from
28 to 44. The average body weight was 63.95 +
8.75 kg, and the average body mass index was
23.05 + 1.72 kg/m?. All ten participants received
normal glucose tolerance tests, as confirmed by
the OGTT, with a mean plasma glucose level of
80.00 + 11.42 mg/dL (Table 2).

The plasma glucose levels peaked after
30 minutes in both the glucose solution and

GEN-DM MF, followed by a gradual decline, as
shown in Figure 1. The plasma glucose levels
at 30 and 60 minutes following the GEN-DM
MF were observed to be significantly lower than
the corresponding glucose levels (p= 0.002 and
0.013, respectively).

The GI was computed based on the incre-
mental area under the glucose response curve
(Figure 2.). GEN-DM MF has a GI of 37.75.
Additionally, the GL was calculated by mul-
tiplying the GI by the carbohydrate content
of the food and dividing it by 100. GEN-DM
MF is a low-glycemic meal with a GL of 9 per
serving (40 gm in 180 ml providing 180 kcal
of energy). No adverse events occurred during
the trial process.

Area Under the Curve (AUC)
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Figure 1. Area Under the Curve of Glucose Solution and GEN-DM MF

Table 2. Baseline characteristics of 10 subjects

Characteristics Mean = SD
Age (years) 35.8+6.9
Male (N, %) 6 (60%)
Body weight (kg) 64.0 £ 8.8
Height (cm) 166.2+7.2
BMI (kg/m?) 23.1+1.7
Laboratory blood tests

Hematocrit (%) 423+43
Two hour-Oral Glucose Tolerance Test (mg/dL) 80.0+11.4
Creatinine (mg/dL) 0.9+0.2
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Table 2. Baseline characteristics of 10 subjects (Cont.)

Characteristics Mean = SD
Albumin (g/dL) 45+03
SGOT: Aspartate transaminase (AST) (U/L) 21.2£8.1
SGPT: Alanine transaminase (ALT) (U/L) 23.0+£12.0
Total bilirubin (mg/dL) 0.6+0.2
Direct bilirubin (mg/dL) 0.2+0.1
Thyroid Stimulating Hormone (mIU/L) 22+13

Data are presented in mean + SD.

Discussion

The Gl of GEN-DM MF was 37.75, indicating
that it constitutes a low-glycemic food. The car-
bohydrate components include 34% maltodex-
trin, 9% fructose, 9% maltitol, 6.25% fructo-oli-
saccharides (FOS) and 1% oat fiber. Most of the
ingredients have slow absorption and low GI.
A related GI study of the GEN-DM old formula
among ten healthy participants revealed a low GI
of 50.2."9 The reduced GI value is believed to
have resulted from a change in the carbohydrate
composition of the formula. GEN-DM formula
has been modified to the GEN-DM MF formula
by reducing high glycemic carbohydrates,
specifically maltodextrin and incorporating
carbohydrates with lower glycemic indices,
such as maltitol. FOS and oat fiber have been
implemented as replacements for polydextrose.
However, quite notably, protein, fat, vitamin
and mineral levels remain consistent. Maltitol
constitutes a sugar alcohol (polyol) used in
the food industry as a sugar substitute. It tastes
80% as sweet as sucrose but contains fewer
calories, 2.4 kcal per gm, than 4 kcal per gm
for sucrose, and causes a slower rise in blood
sugar and insulin levels than D-glucose
or sucrose. From 15 to 90 minutes after inges-
tion, maltitol substantially reduced mean blood
glucose and insulin levels compared with those
glucose.'V FOS is an alternative sweetener sub-
stitute with a sweetness level of around 30%
compared with sucrose. FOS are categorized
as dietary fibers that resist hydrolysis by
endogenous enzymes in the small intestine but
are fermented by colonic microflora. FOS does not
significantly impact postprandial glycemia when
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incorporated in food and beverage products.> ¥
A related study assessed healthy individuals’
glycemic response and tolerance to a sugar-free
diet containing both maltitol and FOS, reporting
that the combination reduced the postprandial
blood sugar response. Therefore, the study suggests
that maltitol and FOS can reduce glycemic
response in sugar-free foods.!'” Incorporating
oat fiber in the formula could reduce the result-
ing food’s GI. Based on the formulation, the
quantity of oat fiber present is anticipated not
substantially to impact the formulation’s overall
GL."9 Fructose, a low GI sugar, has been used in
exchange for other carbohydrates to improve
long term glycemic control.'® The WHO
recommends a sugar intake level of 10% of
the body’s total energy requirements.'” Regard-
ing the advice for fructose intake, many studies
have indicated a suggested level of fructose con-
sumption. One study examining the relationship
between dietary fructose and metabolic syndrome
discovered that consuming more than 51.4 gm of
added fructose daily is strongly related to an in-
creased risk of metabolic syndrome.'® However,
GEN-DM MF contains 20 g of fructose per 1,000
kcal, not more than that intake. A related study
of GEN-DM MF was carried out to examine the
dietary regimen of ten individuals with type 2
diabetes receiving nutrition via enteral feeding
tubes. It revealed that the patients could maintain
average plasma glucose and mean blood glucose
amplitude over 36 hours within the range of a
diabetic recommendation without any adverse
events.'”

The Standards of Care in Diabetes 2023
by the American Diabetes Association provide
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recommendations highlighting the importance
of personalized medical nutrition therapy to
promote healthy eating patterns, emphasizing
nutrient-dense foods and portion control. Evidence
suggests that reducing overall carbohydrate intake
can improve blood sugar levels, and thisapproach
can be applied to various eating patterns based on
individual needs and preferences.?® Carbohy-
drate count, GI and GL are essential consider-
ations for patients with hyperglycemia when
selecting food, as they significantly impact
glycemic regulation. DSNFs with low GI and GL
values and comprehensive nutrients can be con-
venient and effective dietary support for blood
glucose management.

Carbohydrate count, GI and GL should be
considered when selecting foods, as these can
affect glycemic control among people with
diabetes. DSNFs with low GI and GL values may
be an option for patients with hyperglycemia
requiring nutritional support to control blood
sugar. Further research is needed concerning
postprandial insulin response and increased
effectiveness in managing diabetes.?? For study
limitations, GI is one of the tools for guiding
diabetic patients’ food choices, but it could not
predict glycemic response well within individuals.

Conclusion

This study demonstrates that GEN-DM MF
has a low glycemic index. The formula consists
mainly of slow-digested and absorbed carbohy-
drates and dietary fiber. This product can poten-
tially support individuals with type 2 diabetes
in making appropriate dietary choices as part of
their nutritional plan.
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