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Abstract

Purpose: To evaluate 24 hour glycaemic profile using AGP in patients with type 2 diabetes who are eligible for meal replacement therapy over a period
of 14 days.

To assess whether a precise meal replacement plan as an add on to standard of care will make a difference in smoothening out post-prandial peaks and
increasing time spent in the desired (70 mg/dl-180 mg/dl) range compared to baseline time in range and post-prandial blood glucose level.

Methods: Patients were mounted with AGP asked to follow the regular diet for 6 days. On the 7" day, based on the AGP report, the most troubled
meal was replaced with protein rich, calorie counted, low-carb and fiber enriched meal supplement for the next 6 days. On day 14, the AGP data were
collected.

Results: The analysis of full cohort (n=566) showed reduction in eAlc and eAG by 11.9% (from 7.84% to 6.90%) and 15.10% (from 178.41 mg/dL to 151.47
mg/dL), respectively when regular meal diet was compared with the replaced meal diet. The average TIR was improved by 23.56% (from 41.38 to 51.13)
in full cohort, post-intervention with replaced meal.

Conclusion: The glycemic profile of patients with type 2 diabetes was improved by meal replacement therapy over period of 14 days.

Keywords: Medical nutrition therapy, Meal replacement, Diabetes, Protein supplement

The recent IDF-2019 report shows that there were ~ 463 million
adults (20-79 years) living with diabetes; by 2045 this will rise to 700
million [1]. This shows that the incidence of type 2 diabetes mellitus
(T2DM) is increasing by leaps and bound across the world. In India,

Introduction

Diabetes mellitus is a non-communicable, complex and chronic
lifestyle-related disorder. It demands continuous medical care

with voracious risk-reduction strategies beyond modest glycaemic there were >77 million people living with diabetes in 2019, which is

expected to be 101.5 million by 2030 and 134.2 million by 2045 [2].
Moreover, according to a 10-Year Follow-up of the Chennai Urban Rural
Epidemiology Study (CURES), among individuals with normal glucose
tolerance (NGT), the rate of conversion from prediabetes to diabetes was

control. In terms of the sheer prevalence and incidence globally, it
may be called a “pandemic’, although it is obviously not contagious.
Malnutrition, both under- and over-nutrition, is another pandemic
and the two co-exist making this a syndemic. Add to this the current

COVID-19 pandemic which is more severe in uncontrolled diabetes
patients and in those who are overweight or obese.
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recorded highest at 18% [3], indicating that India may overtake China in
the near future and become the diabetes capital of the world.
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Since, diabetes is a metabolic disorder, food and lifestyle changes
play major role in management of diabetes. Even textbooks and
standard guidelines have always mentioned that lifestyle modification
needs to be attempted even before metformin, and of late, medical
nutrition therapy (MNT) has become a discipline by itself in the
management of diabetes.

DiRECT study was the first to provide evidence from a randomised
trial of a dietary and lifestyle intervention where type 2 diabetes
remissions were the primary outcome [4]. The recent EASD-ADA
consensus document released at the EASD meeting in Berlin in October
2018 [5] gives a lot of emphasis on MNT even before metformin.

The Ministry of Health and Family Welfare (MOHFW) has
published data that Indians on an average are protein deficient (11%
protein in their diet as against the requisite 15-20%, carbohydrate
content in diet is >65% as against the needed 55-60%) [6].

Many studies have shown that increasing protein intake
particularly by whey protein and following portion control with
meal replacement plans will benefit diabetes patients by reducing
postprandial blood glucose and HbA1c [4,7,8].

Whey protein has essential amino acids that improve insulin
secretion as well as sensitivity and when digested, bioactive peptides
are formed which have effects on the incretin axis (GLP-1, GIP), they
suppress the only orexigenic hormone, Ghrelin, and increase gut
anorexigenic hormones such as CCK, NPY and Peptide YY, all of
which induce satiety [8-15].

The study was based on the hypothesis that when diabetic
patients (uncontrolled with oral anti-diabetic drugs/insulin) were
put on protein enriched, low calorie and carbohydrate counted meal
replacement plan, will come towards goal HbAlc with reduction
in average blood glucose, reduction in estimated Alc (glucose
management indicator), and increase in time in range (TIR).

The aim of the study was to carry out a real world evaluation of
Medical Nutrition Therapy (MNT) in Patients with Type 2 Diabetes
(AMEND - AGP related evaluation of MEdical Nutrition therapy for
Diabetes management).

The primary objective was to evaluate 24 hour glycaemic profile
using AGP in patients with type 2 diabetes who are eligible for meal
replacement therapy over a period of 14 days. The secondary objective
was to assess whether a precise meal replacement plan as an add on to
standard of care will make a difference in showing how it smoothens
out post-prandial peaks and increases time spent in the desired (70
mg/dl-180 mg/dl) range compared to baseline time in range and post-
prandial blood glucose level.

Subjects

The study enrolled patients with diabetes who were 18 years old
male or female and preferably overweight (BMI 224 or metabolically
obese normal weight). The newly diagnosed patients with type
2 diabetes or patients already on treatment were also eligible.
Participating participants were physically and mentally able to give
valid informed written consent form.
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The exclusion criteria for subjects were as below. 1) HbAlc >10%,
BMI >38, EGFR <45 (any one of this will not allow participants to
be eligible for the study). 2) Participants suffering from any acute
illness, CVD, renal complications, bowel disorders or eating disorders
like anorexia or bulimia. 3) Participants who are consuming anti-
psychotics, steroids or GLP-1 analogues.4) Participant whose diabetes
was diagnosed > 10 years ago or who has undergone bariatric surgery.
5) Participants who are unable or unwilling to take prescribed precise
meal replacement plan and/or not willing to sign the informed consent
form. 6) Pregnant or lactating women, cancer patients. 7) Participants
who are already on some diet plan or following fast during the study
or consuming protein supplements or consuming alcohol on daily
basis or are allergic to the ingredients of the Simetri meals or Prototal.
8) Participants are not allowed to make any significant change in the
daily routine or physical activities.

Materials and Methods

In a real world setting, when the patient with type 2 diabetes
visited the doctor, after taking the consent, they were enrolled in the
routine evaluation. After completion of all screening assessments (i.e.,
demographic, anthropometric and clinical data) and obtaining signed
informed consent forms, eligible patients were mounted with flash
glucose monitoring system (Free Style Libre from Abbott for 14 day)
to check their Ambulatory Glucose Profile (AGP). Patients were given
a food log sheet and asked to fill the same for the next 14 days.

The first 6 days were considered as a baseline phase where patients
continued on their regular food without any major changes. The 7%
day was the meal replacement phase when the patient visited the
doctor and on the basis of the AGP report, investigator replaced - the
most troubled meal (the one which was associated with the most post-
prandial glycaemic excursions) - regular food with a customized meal
replacement diet which included Simetri meals (From Eris Lifesciences
- a calorie counted, protein enriched, ready to eat meal - details in
supplement material) and or ProTotal (From Eris Lifesciences — a whey
protein supplement — 14 gm whey protein, 6.6 gm of fibre with other
macro and micronutrients). The most troubled meal was identified as
the maximum post-prandial peak seen in the AGP report on day 7*.
Patients were asked to consume Simetri and/or ProTotal for the next 7
days (replaced meal phase) without any change in their medications.
Here, the same patient has served as the control for himself which
could be more accurate than a parallel group design (inter-individual
variation). Throughout the study period (14 days) the investigator did
not make any change in the pharmacological treatments.

AGP device was mounted on subject by investigator on day 1 of
the study. The AGP device has been carried by the subject till day 14 of
the study. The data was extracted from the device by investigator in a
timely manner, i.e., on day 7 and day 14.

Given the observational nature of the study, no sample size
estimation was done. Statistical analysis was carried out as and when
required. The level of significance was 0.05. P values of less than 0.05
were considered as a statistically significant difference.
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Ethical Conduct of the Study

The clinical study protocol (Dated 01/02/2019), informed consent
form, subject diary (Version No. 00,Dated 12 Apr 2019) and all other
relevant study documentation were reviewed and approved by the
responsible ethics committee.

The study commenced only after a written approval was obtained
from the ethics committee. The study was conducted in accordance
with the protocol, International Council for Harmonisation (ICH)
(Step 5) ‘Guidance on Good Clinical Practice’ (E6) and ‘Declaration
of Helsinki. All associates assisting in the conduct of study were
informed regarding their obligations.

Results

There were total 660 patients enrolled and out of them 566 patients
were involved in the final analysis. We have divided patients in various
groups for the purpose of better analysis.

Total 94 (14.24%) non-adhered patients were excluded from
efficacy analysis. Non-adherent patients were defined as the one who
had consumed the provided replaced meal (Simetri and Prototal) for <4
days. The adherence to diet was observed in 85.76% of total 660 patients.

In all patients age was found to be in a range of 20-86 years with
a mean of 53.49 + 11.80 years, mean weight was 73.77 + 14.33 kg,
and mean BMI was 27.81 + 5.52 kg/m? The mean HbAlc was 9.10 +
1.66%.

a. Full cohort

The analysis of full cohort (n=566) showed reduction in average
eAlc (Figure 1) from 7.84 on regular diet to 6.90 on replaced diet,
indicating an eAlc (estimated Alc - it was estimated because the total
duration is only 14 days) reduction by 11.99%, p<0.001. Similarly,
estimated average glucose (eAG) on regular diet was 178.41 mg/dL
which reduced to an avg. of 151.47 mg/dL after following replace diet,
indicating reduction by 15.10%, p<0.001. The average TIR on regular
diet was 41.38 which improved to an avg. of 51.13 after following
replace diet, indicating an improvement by 23.56% (Figure 2). This
improvement showed statistical significant change (p <0.001).

Full Cohort - eA1C

8.10 1 7.84

7.80 -

7.50
eare 7201
% 6.90 -
6.60 -

6.30 -

Total

m Average of eA1C-REG DIET (%)
m Average of eA1C-REP DIET (%)

#P value < 0.001
Figure 1: Full cohort analysis of eAlc.
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*P value < 0.001
Figure 2: Full cohort analysis of TIR.

b. Sub-group analysis

The age group analysis (Table 1) showed that patients >60 years
had better improvement in eAG and eAlc -16.73% and 13.10%
respectively when compared to age group of <40 years and 40-60 years
(14.35% and 11.46% vs. 14.47% and 11.54%, respectively)

The sub-group analysis for various BMI indicated that group of
patients with BMI between 25 to 29.9 kg/m* had 15.02% and 11.88%
reduction in eAgand eAlc when replaced meal was consumed whereas
patients with BMI >30 kg/m? had comparatively less improvement in
eAG (11.09%) and eAlc (8.79%) on replaced meal where p< 0.001, as
shown in Table 1. However, improvement in TIR was slightly greater
in patients with higher BMI (23.19% vs. 21.58%).

Analysis was also carried out based on the duration of diabetes.
Patients with diabetes duration between 1 to 6 years and > 6 years
showed better improvement than patients with diabetes duration <1
year. Improvement in eAG, eA1C and TIR was 15.54%, 12.33% and
24.46% respectively in patients with diabetes duration 1 to 6 years,
while in patients with >6 years the improvement was by 15.46%,
12.36% and 25.82% respectively (Table 1).

When patients were divided based on the avg. baseline HbAlc <
7.5% and >7.5%, the result showed that patients whose avg. baseline
HbAlc was <7.5% there was decrease in eAG from 144.25 mg/dL on
regular diet to 117.27 mg/dL on replaced diet indicating a decrease
by 18.70%. In the same group, eAlc decreased by 14.14%, p<0.001.
On the other hand, patients’ whose avg. baseline HbAlc was >7.5%
also showed significant improvement with p<0.001 in eAG and eAlc
(14.85% and 11.82% respectively).

As it was a real world study, a few of the patients were consuming
either Simetri or ProTotoal and most of them were consuming both
Simetri and ProTotal. There was also a small group of patients who
were consuming more than two replaced diet in a day. The analysis
was carried out to observe the effect of single meal replacement vs.
two meal replacements in a day. As shown in the Table 1, patients
consuming two replaced diets in a day showed better results in terms
of all the evaluated parameters.
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Table 1: eAG, elc and TIR values of various sub-group analysis.

eAG (mg/dL) TIR (%) eAlc (%)
Subgroup No. of subjects p value
Regular diet Replaced diet Regular diet Replaced diet Regular diet Replaced diet
BMI<24.9 kg/m? 161 185.62 151.93 37.79 48.09 8.09 6.92 <0.001
BMI=25-29.9 kg/m?* 242 173.13 147.12 43.42 52.79 7.66 6.75 <0.001
BMI > 29.9 kg/m? 151 175.46 156.01 43.25 53.28 7.74 7.06 <0.001
< 40 years 71 181.13 155.13 44.37 53.81 7.94 7.03 <0.001
40-60 years 326 181.99 155.65 39.41 48.84 7.97 7.05 <0.001
>60 years 169 170.36 141.86 43.94 54.41 7.56 6.57 <0.001
DD<1 year 28 128.99 113.63 64.43 73.39 6.12 5.59 <0.001
DD 1-6 years 179 179.19 151.34 42.32 52.67 7.87 6.9 <0.001
DD > 6 years 343 183.08 154.78 38.62 48.59 8.01 7.02 <0.001
eAlc reg diet<7.5% 295 133.97 118.46 62.06 66.27 6.3 5.75 <0.001
eAlc reg diet > 7.5% 271 226.78 187.41 18.88 34.65 9.53 8.16 <0.001
One meal replacement 170 166 144.76 45.48 54.21 7.41 6.67 <0.001
Two meal replacement 392 183.82 154.28 39.74 49.96 8.03 7 <0.001

DD: Diabetes Duration.

Table 2: Evaluation parameters when single replaced meal is ProTotal.

Parameters One meal replacement with ProTotal (N=64)
eAG difference 16.68 mg/dL

% Reduction in eAG 10.23%

eAlc difference 0.17

% Reduction in eAlc 2.33%

TIR improvement 18.82%

P value <0.001

We also evaluated patients whose one replaced meal was ProTotal
to see the benefits of whey protein on eAG, eAlc and TIR. The results
are presented in Table 2.

Discussion

From the latest figures of IDF we know that India ranks second
highest among people with diabetes after China [2]. The worrisome
part is that as per the National Results of the SITE (Screening India’s
Twin Epidemic) study, of the diabetic population already aware of
their condition, almost two-of-every three (70%) had ‘uncontrolled’
diabetes (Hbalc levels >7%) [16].

This figure raises a question that in spite of availability of a
vast range of pharmacological treatments, why does a patient has
uncontrolled diabetes and what is the missing link? The answer can
be obtained from the STARCH study [17] and PRODIGY survey [18]
which showed that protein intake in India is very less and there hardly
any difference exists between diets of a non-diabetic patient to that of
a diabetic patient. It was observed that around 9 out of 10 consumers
had a diet deficient in proteins. This was regardless of the gender
and the socio-economic group [18]. Even the MoHFW (Ministry
Of Health and Family Welfare) stated that Indians on an average are
protein deficient (11% protein in their diet as against the requisite 15-
20%) [5].
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As diabetes is a metabolic and lifestyle related disease, controlling
patients’ diet is one of the key success factors. In fact, lifestyle
modification including MNT should be started even before metformin.
Unfortunately by the time patients get diagnosed for diabetes, they
have already lost 50-80% beta cell function [19]. Therefore, in this
study, we asked patient to replace one or two of their meals with the
specially designed, protein-enriched, carbohydrate-counted meal,
without changing any pharmacological treatment.

The study enrolled a total of 660 patients. Based on the AGP
report at the end of first 6 days, patients were asked to replace the most
troubled meal with either Simetri or ProTotal or both for the next 7-8
days. Out of these 660 patients, 94 patients did not follow the study
protocol and consumed replaced diet only for a period of <4 days.
These 14.24% patients were not included in the analysis. This showed
that rate of adherence to diet change was 85.76%. As diet is the hardest
thing to change, the significant adherence to given product suggested
that the palatability and ease of consumption for Simetri and ProTotal
is very high. As it was a real world observation study, there was no
control over patients’ lifestyle (food choice, exercise pattern, sleeping
pattern etc.). The only change was replacing one or two meal with
either ProTotal or Simetri or both and there was no strict control over
what the patients consume in the entire day.

In the full cohort, eAlc was reduced by 0.94% (from 7.84% to
6.90%; % improvement 11.99%, p<0.001). The results were similar to
that obtained with GLP-1 agonist in AMIGO study where exenatide
10 ug resulted in a mean HbAlc reduction of -0.8% to -0.9% [20]. As
whey protein also improves GLP-1 secretion, it can mimic the action
of GLP-1 agonist [8]. This indicates that, even a small change in a diet
for only a short duration of 7 days has very positive impact on eAlc
and if patient continues following the suggested meal replacement
plan it will serve like a pharmacological therapy. Even the UKPDS
study has shown that intensive glucose control can significantly reduce
any diabetes related end-point [21].
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As per the recommendations from the international consensus
on time in range (TIR), adults with type 1 or type 2 diabetes should
have >70% of TIR. In our study, when patients were on regular diet
and average TIR was only 41.38% which increased to 51.13% after
consuming replaced diet. This indicates that, if patients continue
following the replaced diet there will be much improvement in TIR.
Though in the current study, patient consumed replaced diet only
for 7 days, still an increase in TIR is really significant (relative %
improvement of 23.56%, p< 0.0001).

The replace diet not only improved TIR but also decreased the
eAG from 178.41 mg/dL to 151.47 mg/dL, p< 0.001 in a full cohort.

The similar result were obtained when different sub-group
analysis were carried out, i.e., based on the BMI, baseline HbAlc and
the number of replaced meals.

There was no difference seen in male and female patients with
reference to improvement. It means the replaced diet causes the similar
effect on both the gender. The meal replacement period was only for
short duration of days hence change in weight was not included in
the evaluation parameter and measuring HbAlc was also not possible.

The results from DiRECT and DiRECT 2 studies support that
total diet replacement for initial 12-20 weeks followed by gradual
food reintroduction and then support for weight loss maintenance has
helped type 2 diabetes patients to achieve remission and sustained it
at 24 months for more than a third of people with type 2 diabetes [22].

The AMEND study results were also in line with these studies.
Although the study duration was very short and hence measuring a
change in body weight was not feasible, the eAG, eAlc and TIR results
suggested that if the treatment was continued for longer duration,
there are chances that blood glucose and HbAlc will be in the
controlled range.

AMEND study results were also supported by David King (2018)
study which concluded that whey protein before meals improved post-
prandial glycemia, stimulated insulin release, and increased satiety in
men with type 2 diabetes [23].

The protein quantity and quality of foods are contributing factors to
their effects on glucose control, but foods are much more complex than a
single nutrient, or even the sum of their individual nutrients. Many dietary
factors, nutritive and/or bioactive, mediate the relationship between food
intake and health. Lastly, in order to optimize protein intake for glucose
regulation, the amount, source, and type of food product or supplement
should be personalized to match to the individual’s lifestyle, medications,
gluco-regulatory abilities, and disease status.

Conclusion

This AMEND study showed that the efficacy of replaced diet for
calorie restriction remains a significant in humans. Although this data
was only for 14 days, the study can give significant and detailed data
on effect of replaced diet in patients with diabetes if therapy continues
for longer period of time. Improving diet of a patient will not only help
them in better management of a disease but will also be cost-effective
for the country [24].
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Therefore, it can be concluded from the present study that, replacing
adiet with protein enriched, calorie counted meal does not only improve
the blood glucose level and TIR but can also decrease eAlc significantly.
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