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Background and aims: GlucoTRIG, based on postprandial plasma insulin and

triglyceride concentrations, has been recently developed as a novel index to determine

the postprandial metabolic response to the meals. This study aimed to test GlucoTRIG

as a measure for ranking composite meals for their metabolic effects.

Methods: In a randomized cross-over trial, healthy adult volunteers (both

males and females; n = 10 for each meal) consumed three is caloric (2000

kj) test meals (meal 1, meal 2, meal 3) of varying macronutrient composition.

Postmeal consumption, venous blood samples were collected to determine

plasma insulin and plasma triglycerides for estimating the GlucoTRIG value using

(Triglycerides180min × Insulin180min) - (Triglycerides0min × Insulin0min).

Results: The GlucoTRIG values differed significantly (p = 0.0085) across meals.

The statistical significance remains even after adjusting for confounding variables such

as baseline diet, insulin, and triglycerides. The meal (M3) with a high fiber, low total

fat content and containing less refined foods (fruits, beans, vegetables, plain yogurt)

exhibited a significantly (p = 0.007) lower GlucoTRIG value (10 ± 7.7) compared to the

other two meals, M1 (77 ± 19.8) and M2 (38 ± 12.1) which contained low processed

foods, and were relatively high in fat and low in fiber meals. No statistically significant

differences were observed between M1 and M2 meal.

Conclusions: GlucoTRIG is a physiologically based index that may be useful to rank

composite meals for reducing the risk of metabolic diseases. Further research focusing

on the application of GlucoTRIG to foods, meals, and diets is warranted.

ACTRN12619000973112 (Australian New Zealand Clinical Trials Registry, ANZCTR).
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INTRODUCTION

The epidemic of metabolic diseases has encouraged the
development of nutrient profile models in an attempt to
improve people’s understanding of healthier foods to prevent
obesity, type 2 diabetes (T2DM), and cardiovascular disease
(CVD) (1). Established physiological models applied to meals
and single foods, have substantial scope to assist consumers
to understand the nutrient composition of foods and their
metabolic effects in a better way (1). A better understanding
of the relationship between diet and health has increased
the demand for food nutrient indices utilizing postprandial
measurements. The utilization of fasting metabolic parameters,
such as plasma glucose and triglycerides, for clinical diagnoses
is well-established, however, most people are predominantly in
the postprandial state (nearly 16–18 h per day). Recent data
provide evidence for postprandial lipid, glucose, and insulin
abnormalities as independent risk factors for nutrition-related
non-communicable diseases (2, 3). Postprandial hyperglycemia
raises the risk for T2DM (3), CVD and cardiovascular mortality,
even in individuals with fasting glucose levels within acceptable
ranges (4). Available evidence also suggests that the postprandial
triglyceride level is an independent predictor of CVD (5). These
observations highlight the relevance of diet and its metabolic
consequences for the risk of developing metabolic diseases.

Nutrient indices that have been previously developed are
based on either the type or amount of a single macronutrient.
These indices reflect the bio-availability of certain nutrients and
their potential effects on metabolic parameters, to determine the
healthiness of foods and meals (6). However, meals containing
single nutrients are rarely consumed; instead, snacks or meals
with multiple macronutrients are consumed in daily diets.
The metabolic response of a meal depends on the relative
proportion of the macronutrients (7). It has been widely assumed
that blood insulin response is proportional to blood glucose
levels and therefore has not been utilized independently in
the nutrient indices. Protein and fat-rich foods may induce
substantial insulin secretions despite producing relatively small
blood glucose responses (8–10). Adding a high amount of fat to
carbohydrate-rich meals can reduce the glucose response (11).
Further, the amount of fat in a meal, along with the fatty acid
composition, and can have profound effects on blood lipid and
lipoprotein concentrations (12) and circulating insulin levels and
insulin sensitivity (13, 14). Though there is evidence that high-fat
diet intake is associated with both insulin resistance and post-
prandial metabolic abnormalities (15), fat is mainly neglected
when determining the healthiness of foods and meals.

We have recently introduced and conceptualized GlucoTRIG
index, that incorporates the effects of triglycerides via serum
triglyceride change, and that of glucose and other macronutrients
and their combined effect via insulin measurement, to determine
the metabolic response to a meal. We hypothesize that meals
with high GlucoTRIG values have high post-prandial glycaemic
and lipaemic responses, and the index is therefore assumed to be
related to the healthiness of the meals or diets. We have evaluated
a standard comparator (reference meal comprising of equivalent
carbohydrate and fat proportions (41 and 40% of the total energy)

for testing meals in our previous study (16). The GlucoTRIG
reference meal has been shown to give acceptably low between-
meal variation for the index values and can be used in future
studies as a standard comparator to rank the GlucoTRIG values
ofmeals. In the current study, we aimed to systematically evaluate
GlucoTRIG values for these meals with different macronutrient
contents expressed relative to an iso-caloric reference meal in a
randomized cross-over trial with healthy subjects.

METHODS

Subjects
Participant characteristics have been described in detail
previously (16). Participants were recruited from the University
of Newcastle, New South Wales, Australia, between September
and November 2018. All the participants met the study inclusion
criteria; aged between 18 and 40 years at initial assessment, body
mass index (BMI) between 18 and 29.9 Kg/m2, non-smokers;
not pregnant; currently not taking any lipid-lowering drugs
or supplements (e.g., statins, fish oil) or anti-hypertensive
drugs; no history of eating or metabolic disorders; no allergy
or intolerance to any of the food products or ingredients
used in the study. All participants gave written informed
consent. The study protocol was approved by the University of
Newcastle Human Research Ethics Committee (H-2016-0315),
was registered with the Australian New Zealand Clinical Trials
Registry (ACTRN12619000973112).

Reference Meal
The detailed nutrient composition and GlucoTRIG value of the
reference meal has been previously published (16). The reference
meal consisted of two regular slices (28 g) of wholemeal bread
(Woolworths select, Newcastle, Australia), 250mL chocolate
flavored milk (OAK Parlamat, Newcastle, Australia), 7 g unsalted
butter and 11 g peanut butter (Kraft Foods Inc. Melbourne,
Australia) delivering carbohydrates (41%), fat (40%), and protein
(16%) of the total energy content (2000 kj) of the meal.

Test Meals
Three separate test meals consisting of common foods: meal
one (M1) consisted of Nutella (20 g, consisting of sugar, milk,
palm oil, cocoa, hazelnuts, lecithin, and vanilla) manufactured
by Ferrero Australia Pty Ltd., whole-grain seed toast (two slices
consisting of whole grain whole meal wheat flour, mixed whole
grain, wheat gluten, mixed seeds, kibbled soy, canola oil, baker’s
yeast, vinegar, iodized salt, cultured whey, buckwheat, corn)
manufactured by George Weston Foods, 250mL Up&Go iced
coffee consisting of filtered water, skim milk powder, soy protein,
cane sugar, maltodextrin (wheat, corn), milk protein concentrate,
vegetable oils, fructose (Sanitarium, Australia); meal two (M2)
comprised 180 g instant oats (Uncle Tobys, Australia), 250mL
skim milk, 1 medium banana and raw almonds (9 nuts); meal
three (meal3, M3) provided 300 g watermelon, 200 g carrot slices,
170 g red kidney beans, 170 g plain yogurt (Chobani Australia Pty
Ltd.,) and 250ml tomato juice (Berri, Australia). All the meals
were caloric (2000 kj), and the nutrient composition of the meals
is presented in Table 1. Of the total energy content (2000 kj),
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TABLE 1 | Macronutrient composition of test meals and reference meal.

Food category Serving

size

Total

carbohydrate

(excluding

fiber)

Sugars Starch Total

fat

Saturated

fat

Polyunsaturated

fat

Monounsaturated

fat

Dietary

fiber

Protein

(g) (g) (g) (g) (g) (g) (g) (g) (g) (g)

Reference meal

Wholemeal bread1 Butter2

Peanut butter3 Chocolate

milk4

339 50 26 24 22 11 1 8 6 19

% energy 41 40 2 16

Test meal 1 (M1)

Ferrero Nutella5 Hazelnut

Spread

Wholemeal & Seeds bread6

Up&Go Energize Iced

Coffee Flavor7

348 60 31 29 16 3 7 6 10 25

% energy 42 29 4 20

Test meal 2 (M2)

Oats Quick Sachets8

Original

Almond, raw nuts9

Skim milk10

Banana11

385 67 24 43 13 2 3 7 10 20

% energy 56 23 4 17

Test meal 3 (M3)

Greek yogurt plain12

Watermelon13

Red kidney beans14

Carrot15

Juice, tomato16

1,140 72 50 21 2 0 1 0 21 27

% energy 58 4 8 23

12 slices (28 g each), Woolworths select; 27g portion, Western Star; 311g portion, Kraft smooth peanut butter; 4250mL OAK chocolate milk, Parmalat; 520g, Nutella; 62 slices, Burgen

wholemeal and seeds toast; 7250mL, Sanitarium up&go energize coffee flavor; 82 sachets, Uncle Tobys; 99 nuts, raw almond, Woolworths select; 10200mL Devondale Skim milk; 111

medium Cavendish banana; 12170g, Chobani greek yogurt plain fat free; 13300g, Woolworths; 14170g, Edgell red kidney beans (drained); 15200g raw unpeeled carrots, Woolworths;
16300mL plain tomato juice. All the meals provided 2000 kj of energy based on the tabulated values. Data is obtained using FoodWorks software.

M1 delivered carbohydrates (42%), fat (29%) and protein (20%);
M2 delivered carbohydrates (56%), fat (23%) and protein (17%);
while M3 delivered carbohydrates (58%), fat (4%), and protein
(23%) (Table 1).

Study Design and Test Day Protocol
A randomized, cross-over trial was conducted on three separate
days with a washout period of at least three days between each
study day. All participants were randomly assigned to the test
meals using a computer-generated random allocation sequence.
Participants were asked to consume meals within 20min. No
other food or drink was allowed during the 3 h period on the
test days. Following the screening, eligible subjects were advised
to refrain from any vigorous physical activity and alcohol intake
24 h before the test day and asked not to consume a high calorie
(rich in carbohydrates and fat) meal the night before the test
day. On the test morning, subjects reported to the laboratory
after an overnight fast of at latest 12 h. They were also asked
to collect a 24-h record of their previous day’s food intake.
This dietary information was processed through FoodWorks
Version: 8.0.3551 (Xyris Software (Australia) Pty Ltd.,) to

check whether their dietary energy and macronutrients intakes
remained unchanged during the study period. The participants’
physical activity was assessed on the first test day using the
International Physical Activity Questionnaire (long form) to
capture the frequency, duration, and intensity of physical activity
undertaken during the previous 7 days (17).

Outcome Measures
Medical history and demographics were recorded and BMI
and body composition (was determined using bioelectrical
impedance, InBody 230, Biospace Co., Ltd., Seoul, Korea) were
determined on the first visit day. Venous blood samples were
collected by an in house certified phlebotomist at 0 and 180min
post ingestion of the meal. Hunter Area Pathology Service
(Local area pathology service provider, Newcastle, Australia)
analyzed the blood samples for fasting and postprandial
serum insulin, triglycerides and glucose concentrations. The
GlucoTRIG value (16) for each meal was calculated using the
formula: (plasma triglycerides180min × plasma insulin180min) –
(plasma triglycerides0min × plasma insulin0min).
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FIGURE 1 | Consolidated standards of reporting trials (CONSORT) flow chart– trial protocol.

Statistical Analysis
Data are presented as mean ± SEM or median (inter-quartile
range, IQR) for continuous variables and, number (n) and
percentage (%) for categorical variables. The normality of the
data was assessed after plotting histograms and by applying
the Shapiro-Wilk test. The differences between the groups
for continuous variables was tested using Student’s t-test, chi-
square for categorical variables and the Wilcoxon signed-rank
test for variables without a normal distribution. Between-group
comparisons were analyzed using repeated-measures analysis
of variance (ANOVA), and the Bonferroni post-hoc test for
multiple comparisons or the Kruskal-Wallis test. For all of
the statistical analyses, p-value < 0.05 was considered to be
significant. Statistical analysis was performed using the STATA
version 14.1 (StataCorp, Texas, USA).

RESULTS

Characteristics, Physical Activity and
Dietary Intakes of Subjects
The baseline characteristics of the participants have been
published previously (16). The results presented in this trial
included ten healthy subjects (both females and males) aged 26.7
± 1.2 years with a BMI of 23.4 ± 0.4 kg/m2 (Figure 1). Physical

activity analysis indicated seven participants with low physical
activity and three with moderate physical activity levels at the
baseline visit. There were no significant changes observed in the
macronutrient (carbohydrate, protein, total fat) and fiber intakes
for the 24 h period before each test day (Table 2). Fasting glucose
(4.5 ± 0.1 mmol/L), insulin (41.9 ± 2.9 pmol/L) and triglyceride
(0.94± 0.1 mmol/L) concentrations were also in a healthy range.

Postprandial Insulin, Glucose and
Triglyceride Concentrations
Insulin responses to the meals were significantly different (p =

0.0129). The mean change in the insulin levels from baseline
to 180min was significantly (p = 0.001) lower for M3 [39.6
(27.0)], compared to that for M1, [3.1(17.4)] (Table 3). Although
the mean change in the insulin levels for M2 (4.3 ± 1.75)
was notably different from the other two meals, it was not
statistically significant from that for the other two meals. There
were no significant differences (p = 0.3673) in postprandial
plasma glucose levels at 180min between the three meals. Mean
changes in the triglyceride responses to the meals were not
significantly different (p= 0.3699) (Table 3).

The GlucoTRIG value for the reference meal was measured
over three different visits in our previous study (16). There
were no statistically significant (P= 0.2303) differences observed
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TABLE 2 | Predicted energy and macronutrient intakes of the participants 24 h

before the test days.

Test meals

Visit 1 Visit 2 Visit 3

n = 10 n = 10 n = 10

Energy (Kj) 7656 ± 383.5 6757 ± 661.7 6442.4 ± 375.2

Carbohydrate (g) 165 ± 19.0 140 ± 11.5 132 ± 12.1

Total sugars (g) 50 ± 10.7 48 ± 4.4 57 ±5.6

Starch (g) 115 ± 11.6 93 ± 10.1 77 ± 13.2

Total fat (g) 87 ± 8.5 78 ± 12.4 69 ± 7.3

Saturated fat (g) 27 ±2.5 26 ±4.1 28± 3.8

Polyunsaturated fat (g) 17 ± 3.4 11 ± 2 9 ± 1.3

Monounsaturated fat (g) 37 ± 4.3 35 ± 6.7 26 ± 3.0

Cholesterol (g) 268 ± 62.5 240 ± 56.8 290 ± 30.6

Dietary fiber (g) 22 ± 2.4 21 ± 2.2 19 ± 1.6

Protein (g) 85 ± 9.2 81 ± 9.0 88 ± 10.2

Values are reported as means ± SEM. n represents the number of subjects.

TABLE 3 | Differences in plasma parameters between the meal groups.

Parameters Meal 1 Meal 2 Meal 3 P-value

(n = 10) (n = 10) (n = 10)

Fasting glucose (mmol/L) 4.4 ± 0.1 4.6 ± 0.1 4.6 ± 0.1 0.3206

Glucose (mmol/L) (180min) 4.0 ± 0.2 4.0 ± 0.2 3.8 ± 0.1 0.7492

1 Glucose (180–0min) −0.4 ± 0.2 −0.5 ± 0.1 −0.7 ± 0.1 0.3673

Fasting insulin (pmol/L) 37 ± 4.9 44 ± 4.8 45 ± 5.1 0.4723

Insulin (pmol/L) (180min) 90 ± 16.7 73 ± 14.3 46 ± 4.9 0.0888

1 Insulin (180–0min) 39.6 (27.0)a 20.1 (63.8) 3.1 (17.4)a 0.0129

Fasting triglycerides (mmol/L) 0.7 (0.3) 0.67 (0.4) 0.77 (0.6) 0.2827

Triglycerides(180min) (mmol/L) 1.1(0.8) 0.9(0.6) 0.86 (0.7) 0.6165

1 Triglycerides (180–0min) 0.4 (0.8) 0.2 (0.3) 0.1 (0.2) 0.2828

Data are presented as mean ± SEM or median (IQR) as appropriate. The superscripts

represent a significant difference between the medians of two groups.
a
1 Insulin is significantly different between meal 1 and meal 3 (P-value - 0.001).

between the GlucoTRIG values for the three visits (16). The
GlucoTRIG value for the reference meal obtained from the three
mean values was found to be 19± 3.5 (16).

GlucoTRIG Values of the Test Meals
There were significant (P = 0.0085) differences among the
test meal groups for the mean GlucoTRIG (n = 10) response
(Figure 2). Subjects in the M3 group (watermelon, carrot, beans
and yogurt) gave the lowest GlucoTRIG response (10 ± 7.7)
compared to the other two meals M1 (77 ± 19.8) and M2 (38
± 12.1). However, the difference in the GlucoTRIG value was
significant (p = 0.012) only between the M1 and M3 groups. No
significant differences were observed between M2 and the other
two meal groups.

Predictors of GlucoTRIG
We assessed the overall extent to which input variables predict
GlucoTRIG responses using linear regression. Unadjusted
regression analysis indicated the test meals as a significant

FIGURE 2 | Mean GlucoTRIG values of the meals M1 (n = 10), M2 (n = 10),

and M3 (n = 10). Data presented as mean ± SEM. P-value represents the

repeated measures of ANOVA between the meal groups in a model.
aGlucoTRIG value of Meal 3 is significantly differnet from meal 1 (p = 0.012).

predictor of GlucoTRIG Values. The significant effect of the test
meals (Unadjusted r2-0.6545; adjusted r2-0.4433; p = 0.0162)
remained even after adjusting for input variables: age, sex, fasting
triglycerides, fasting glucose, fasting insulin, habitual diet factors
(from 24 h food recall), and physical activity levels.

DISCUSSION

In this study, we report that M1 comprising low glycemic
foods exhibited a high GlucoTRIG value. Similarly, M3 with
relatively higher glycemic index foods induced a substantially
lower postprandial insulin and triglyceride response and thus
GlucoTRIG value despite being high in carbohydrate, fiber and
protein content as well as containing less fat and minimally
processed foods than the other two meals. Both M1 (GlucoTRIG
value−77) and M2 (GlucoTRIG value−38) also exhibited a
reasonably higher GlucoTRIG response in comparison to the
reference meal (GlucoTRIG value−19). Regression analysis
indicates that the test meal effect was the sole predictor of
GlucoTRIG response out of the several examined variables.
The meal effect remained significant even after adjusting for
confounding variables such as background diet, age, physical
activity levels, and sex. Collectively, the findings indicate that
GlucoTRIG (by incorporating both the carbohydrate and lipid
responses) may be an improved dietary index for determining a
meals’ healthiness.

Recent evidence from the Food4Me European randomized
controlled trial indicates that the dip in blood glucose levels
between 2 and 3 h post meal consumption, but not the glucose
rise (0–2 h), or total glucose (iAUC0−2hr) is linked to hunger
and subsequent food intake (18). The Glucose dip at 2–3 h
is also inversely correlated with fasting insulin levels (18).
Conventionally, the glycaemic response is measured at 2 h, but
it is believed to be insufficient to study postprandial glucose
responses (18, 19). Nuclear magnetic resonance spectroscopy
analysis (19) recommends three to 4 h as the optimal duration
to study post-meal plasma glucose and insulin changes required
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to maintain glucose homeostasis. GlucoTRIG utilizes a 3-h time
point to capture the postprandial insulin response of the meal,
which exists around the same time as the dip in the glucose
levels and changes in the meal induced metabolic responses.
Hyperinsulinemia has been shown to be a significant a etiological
factor in obesity, T2DM, andCVD (20). Different insulin patterns
were previously evaluated in response to a glucose load (100 g)
administered over 3–5 h, with plasma insulin levels assessed
from baseline to 180min (21). With normal insulin tolerance,
the peak insulin production occurs between 30 and 60min,
followed by a return to the fasting range at 120 or 180min (21).
Patterns involving prolonged exposure of plasma insulin and
a failure to return to basal level have been implicated in the
development of insulin resistance and type 2 diabetes (22). Post-
prandial analysis from 1,002 healthy adults indicated that a rise
in C-peptide (a surrogate marker for insulin) is predictive of a
10-year atherosclerotic CVD risk score (2). These observations
strengthen the argument for the necessity to study the insulin
responses of the foods and meals, in addition to the postprandial
glucose and triglyceride responses.

A series of systematic reviews and meta-analyses of
prospective studies reporting on indicators of carbohydrate
quality and non-communicable disease showed that higher
intake of dietary fiber is associated with a reduction in mortality
and the incidence of a wide range of non-communicable
diseases and their risk factors (23). Based on this evidence it was
recommended to increase dietary fiber to at least 25–29 g per day,
with additional benefits likely to accrue with greater intakes (23).
This study suggested that dietary GI or glycaemic load might be
less sound as an overall measure of carbohydrate quality than
dietary fiber and whole grains (23). Results from the current
study shows that the meal with highest fiber content (20 g)
elicited the lowest GlucoTRIG response compared to meals with
relatively lower amounts of fiber. Thus, applying GlucoTRIG
may provide additional information over the existing indices in
terms of overall meal quality and health outcomes.

There is an increasing health-related concern over the
addition of fat with the aim of lowering the glycaemic response
of high carbohydrate diets. Fat enrichment to overcome the
undesirable effects of some high carbohydrate diets may have
undesirable effects on plasma lipids with unfavorable outcomes
for weight management. Contrastingly a meta-analysis has
reported that reducing total fat intake led to a small but
statistically significant and clinically meaningful reduction in
body weight (24). The DIETFITS randomized controlled trial
indicated similar average weight loss between a healthy low-
fat or a healthy low-carbohydrate diet for 12 months, with
favorable changes in the lipid parameters in both groups (25).
Besides fasting triglycerides, a postprandial rise in circulating
triglycerides has been recognized as an independent risk factor
for developing CVD and other chronic diseases (23). Studies
have also shown that triglycerides peak at 3–4 h post-meal
consumption (24). Prolonged postprandial lipemia is implicated
in resulting in the formation of highly atherogenic small and
dense low density lipoprotein particles and reduced high-density
lipoprotein levels, thus increasing disease risk (5). Excess fat
intake can induce a lipotoxic state, involving activation of
various inflammatory pathways and accumulation of fatty acid

metabolites in the insulin-sensitive tissues such as skeletal muscle
(26–28). In the current study we observed higher GlucoTRIG
responses to meals with higher fat content. Thus, GlucoTRIG
overcomes the current limitation of the nutrition grading models
by considering the 3-h postprandial lipid response in addition to
the glycaemic response.

Studies to date have primarily focused on postprandial
2 h glucose levels for assessing the healthiness of most
food groups/meals. Although methodologically superior, post-
prandial glucose responses are not reflective of the changes in
the postprandial triglyceride response. Relying on glucose alone
ignores the effects of protein and fat. Repeated testing of the
same meal in different study visits could potentially minimize
this inter-individual variation to some extent. Categorizing
foods and meals based on a physiological response to both
glucose and fat could be a practical approach to promoting
health, improving consumers’ understanding of healthier foods,
and preventing diet-related diseases [10]. Foods with low
postprandial glycaemic and lipaemic responses may potentially
assist in the prevention of weight gain and the further
development of chronic metabolic disorders. GlucoTRIG,
capturing postprandial glycaemic and lipaemic responses, could
be of both practical and clinical significance in preventing
chronic diet-related disease conditions. Moreover, a mixed meal
containing a combination of macro-nutrients as a comparator,
instead of a single nutrient challenge, would provide a real-
life setting for testing meals for health. GlucoTRIG utilizing a
3-h time point instead of a 2-h response, may provide more
physiological insight by capturing both the peak triglycerides and
residual insulin levels in response to meals.

Including triglycerides and insulin might provide valuable
information in regards to the health benefits of the meals.
However, at this stage, the measurement of postprandial glucose
is methodologically superior to insulin and triglycerides. The
assessment of insulin is more costly compared to glucose
and methodological discrepancies still exist in relation to
measurement of plasma insulin. A recent study also indicates
post-meal insulin (c-peptide) secretion can be influenced by
the gut microbiome, background serum glycaemic markers
and other serum markers (2). In addition, fasting serum lipid
markers, glycaemic markers, anthropometric measurements and
meal composition were key determinants of the 6-h post meal
triglyceride response (2). Although our study indicates that the
meal itself is the key determinant of the GlucoTRIG response,
factors such as fasting lipid levels, gut microbiome, age, body
composition, and sex could potentially be confounding variables.

In the current study we have accounted for only vigorous
activity 24 h before the test. Studies in adults have shown that
even acute moderate-intensity exercise performed (∼24 h) prior
to a high-fat meal reduce postprandial TG responses (29–31).
Further studies assessing GlucoTRIG for foods andmeals, should
consider both acute and chronic physical activity levels (both
moderate and vigorous) to reduce confounding effects of physical
activity on postprandial lipemia. Further research, with the help
of technological advances, such as genomic analysis, is required
to improve the GlucoTRIG model by accounting for other
factors. The clinical benefits of GlucoTRIG also need to be
established and this will require adequately powered longitudinal
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studies. The results of this study are novel but preliminary,
and we hope they will stimulate discussion and further research
in the area. Further evaluation of GlucoTRIG under different
physiological conditions and assessment for test meals is required
to establish GlucoTRIG as a food/meal ranking tool. GlucoTRIG
has already been shown to be discriminatory in a mixed meal
context, but additional studies are needed to determine whether
the GlucoTRIG index is useful, and reproducible for single
foods. Studies determining the relationship between the fate of
absorbed macronutrients and GlucoTRIG values may provide
further insights.
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