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Gravicentric approach to Type 2 Diabetes therapy.
The success prediction. A proof-of-concept
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This study is the proof-of-concept of our “Gravicentric” theory. This concept is based on several fundamental
points: obesity as the main foe; rapid reversibility of the disease; as well as a new perspective on the roles
different pharmacological classes play in general, and the role of insulin and GLP-1 analogs, in particular.
The paper presents and discusses our experience of the implementation of insulin and GLP-1 analogs. The
possibility of “insulin weaning”, the therapeutic approach for over-treated patients, and physiological dosing
of insulin are all discussed therein.

OBJECTIVES

Primary To evaluate the long-term efficacy of GLP-1 analogs in insulin-treated Type 2 Diabetes Mellitus (T2DM)
patients.

Secondary To analyze which patient would most likely benefit from this combined treatment.

METHODS

In 54 T2DM patients with a mean disease duration of 17.5 years and a mean extent of insulin therapy of 4.5 years,
additional GLP-1 analogs therapy was prescribed. Mean duration of GLP-1 treatment was 25.8 months (2.15 years).

During the intervention, clinical, biochemical, and anthropometric parameters were analyzed. Compliance,
Hypoglycemia and Metabolic Index (MI) assessments were implemented.

ABBREVIATIONS:

GLP-1 - Glucagon-Llike peptide-1

T2DM - Type 2 Diabetes Mellitus;

MI - Metabolic Index;

BMI - Body Mass Index;

TDI - Total Daily dose of Insulin;

IBT - Incretin-Based Therapies;

CGMS - Continuous Glucose Monitoring Systems;
SU - Sulfonylurea;

OAD - Oral Antidiabetic Drug;

BG - Blood Glucose;

SMBG - Self-monitoring of Blood Glucose;
CVD - Cardiovascular Disease



RESULTS

Mean Glycated hemoglobin (HbA1C) decreased from 9.28 = 1.43 to 8.54 + 1.4% on GLP-1 analogs, p < 0.01. Total
Daily dose of Insulin (TDI) showed considerable reduction: 80.6 + 42.7 U/day before starting GLP-1 vs.41.0 = 30.7 U/
day on GLP-1, p< 0.01. These changes were directly linked to weight loss: BMI has dropped from 35.1 * 4.8 kg/cm?
before, to 32.8 * 5.0 kg/cm? on GLP-1 analogs, with patients losing 6.7 kg on average. Moreover, 13 (24%) participants
discontinued at least one kind of insulin, while 7 (13%) stopped taking insulin completely, with simultaneous
improvement in diabetes control. No clinically significant hypoglycemia was observed.

Post-hoc, the participants were categorized according to each patient’s ability to reduce TDI by more than 20 U/day,
and then split into two groups. Group A - 34 patients (64.2%) who successfully reduced TDI; Group B — 19 patients
(35.8%) who failed to do so. The comparison of the two groups showed the following:

1. Significantly larger - virtually twice as large - baseline TDI in Group A (97.4%40.4 U/day vs. 52.2+31.0 U/day),
p< 0.001.

2. Very effective BMI reduction (ABMI 3.3 = 2.4 kg/cm? vs. 0.9 £ 1.2 kg/cm? p< 0.001) and much better compliance
14+11vs.22%1.0,p<0.02) in Group A.

3. A considerable decline of insulin requirements in group A, on GLP-1 therapy (ATDI on GLP-1 was -624 £ 31.9
U/day) with no TDI reduction in Group “B” (ATDI on GLP-1 was +0.03 = 14.1 U/day, p< 0.001).

Thus, in spite of the fact that on GLP1 therapy HbA1C has declined to the same levels in both groups, patients from
group A became much leaner and metabolically healthier.

We suggest overtreatment as the critical factor of obesity in Group A.

CONCLUSIONS

Adding GLP-1 analogs to insulin in poorly controlled, insulin-treated T2DM patients resulted in an impressive
weight (BMI) reduction with significant improvements in glucose control. This provided for a further decline in insulin
resistance and insulin requirements. We suggest that the best candidate for successful GLP-1 analogs therapy is an
obese, overtreated and compliant T2DM patient. Changes in Metabolic Index (MI) rather than surrogate glycemic
parameters (HbA1Q) are better predictors of a successful T2DM therapy. Neither the duration of diabetes nor the
length of insulin therapy in the past is likely to have a critical role in predicting success. These findings are proof-of-

concept of our Gravicentric theory in T2DM.
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INTRODUCTION

We live in a fascinating era, where a real revolution in the
treatment of Type 2 Diabetes Mellitus (T2DM) is being
observed. This revolution involves three new players.
Namely, these are Incretin-Based Therapies (IBT), latest
modifications of Bariatric Surgery techniques and finally,
extensive use of CGMS (Continuous Glucose Monitoring
Systems) in a wide clinical practice [1]. These three events
provided us with entirely new insights into the T2DM
pathogenesis, therapeutic approaches and curability of the
disease.

Thus, in the light of the great success of Bariatric Surgery,
rapid reversibility of T2DM became a routine [2-7].

Although different theories attempt to explain this success,
most investigators lack a complete understanding of the
underlying pathophysiological processes active in T2DM
reversibility. Instead, they try to clarify this phenomenon
in other ways, such as accentuating some known and
unknown insulin-stimulating factors, like incretins, and even
changes in intestinal microbiota which are presumed to
occur after Bariatric Surgeries.

However, the problem lies in the fact that T2DM remission is
frequently observed at the very early stages of intervention,

usually even before the patient has lost his first 10 pounds, and
very often at the point of preparation to the surgical procedure,
when a very low-calorie diet is commonly prescribed. The fact
that such dramatic changes occur in such a narrow time frame,
contradicts the theories about the “magic touch” of the surgeon,
microbial changes, and other intriguing explanations [8-10].

We have recently proposed an energetic (Gravicentric)
concept of T2DM pathogenesis and therapy [11, 12]. This
concept is key to a better understanding of the underlying
processes in T2DM and allows us to revise the traditional
(Glucocentric) approach to the perception and therapy of
the disease. The fundamental points of this concept are:
obesity as the primary foe; rapid reversibility of the disease;
energy surplus as the main player and trigger of insulin
resistance, which in turn, is rapidly reversible with energy
balance restoration; preference for anti-energetic drugs
implementation (such as Metformin, Incretin-based therapies
(IBT) etc.); avoidance of pro-energetic medications such as
Sulfonylurea (SU), Glinides, TZD’s and supra-pharmacological
doses of insulin, whereas reversal of overnutrition, lessening
adipose tissue mass, and healing the § cells become our
treatment priorities. Moreover, we view insulin resistance
as a defensive mechanism against rapid body destruction by
chronic energy surplus [13, 14].
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IBT and specifically, GLP-1agonists, appear as an almost ideal
solution to the problem. Indeed, GLP-1 agonists affect main
pathogenetic mechanisms of T2DM in several ways which
include: decreasing calorie intake and promoting weight
loss; slowing down the gastric emptying; while assisting
in Glucagon suppression; reversing insulin resistance;
stimulating insulin secretion; and even (- cell recovery.
The beneficial cardiovascular effect of these drugs is well
established today [15-17].

We, therefore, asked: if our concept is true, can we revert
T2DM without any surgical intervention? Moreover, if true,
can we do it in patients who were unambiguously defined
as “failures” due to their long-standing uncontrolled T2DM
and extended (years) insulin therapy?

MATERIALS AND METHODS
Study design and methods

The study involved all 54 T2DM patients from Diabetes
Institute, Maccabi health fund, Petah-Tiqwa, Israel, suffering
from long-standing (mean duration of 17.1 years) and
uncontrolled diabetes (mean HbA1C, before new therapies
were added, was 9.28 * 1.43%) whose therapy included the
concomitant application of insulin and GLP-1 analogs. The
study was conducted during 2007-2014. In August 2014, the
study was closed, and patient’s files were analyzed.

All these patients were previously treated according to the
standard “Treat to failure” Glucocentric schemes [18] and
reached a “failure” state where multiple and combined
therapies were unable to control their long-lasting disease.
Afterwards, all of them were on insulin, receiving one
to several injections per day, combined with other oral
antidiabetic drugs (OADs).

Most of these diabetic persons were previously informed
by medical staff that their pancreas had stopped working
and could no longer produce sufficient insulin. This “B-cell
atrophy and destruction” was presented by diabetes
educators as “irreversible”. Thus, patients were treated for
years (mean duration of insulin therapy was 4.7 years) with
different types of insulin.

With such an intensive therapy background, patients were
severely obese (mean BMI = 35.1 + 4.8), while most of them
have continued gaining weight.

Obijectives

Primary: To evaluate the long-term efficacy of GLP-1 in
insulin-treated T2DM patients.

Secondary: To analyze which patient would most likely
benefit from this combined treatment.

Methods

Fifty-four T2DM patients who already were on insulin
therapy, were prescribed an additional treatment with
GLP-1 analog - Liraglutide. Patients continued their
follow-up in Diabetes Institute, Maccabi health fund,
Petah-Tigwa, Israel. Therapeutic changes, in accordance

to our Gravicentric algorithm [11, 12], included not only
a simple addition of GLP-1 but also stopping all pro-
energetic (hypoglycemic) oral drugs and TZDs. Insulin
was combined with Metformin in all participants, while
most of them were also treated at baseline with other
Oral Anti-Diabetes therapies (OADs), such as Sulfonylurea
(SV), Glinides, Acarbose (Alpha-Glycosidase Inhibitors),
TZDs, and DPP-4 inhibitors. Metformin therapy remained
at the maximal allowed doses (usually 2500mg/day) until
contraindicated. In parallel, energy-sparing medications
(SU, TZDs, and Glinides) were stopped immediately after
GLP-1 administration. Voluntary insulin dose elevation and
“titration” was strictly prohibited.

Insulin doses were adjusted to reduce the probability of
hypoglycemia. This provided the patients with the unique
opportunity of “Hypoglycemia-free” life, facilitating their
ability to lose weight, all the while they were allowed to
eat only when they felt hungry (see “Dietary and lifestyle
recommendations” below).

As long as the patient had a very low probability of
hypoglycemia due to insulin dose adjustments, the
absence of ‘“titrations” and avoidance of concomitant
energy-sparing medications, some unique diet and lifestyle
guidelines were implemented.

The patients were permitted to skip meal while not hungry.

All  participants received an explanation regarding
their disease from an energetic point of view, strongly
emphasizing the goal of overcoming obesity. The theoretical
possibility of diabetes remission and “insulin weaning”” was
discussed, albeit no promises were given.

The follow-up included regular (about once in three months)
visits to the doctor, a diabetes nurse, and a dietitian. Once
switched to combined therapy (GLP-1 and insulin), patients
were asked to strive towards reducing their weight. This
included patients weighing themselves regularly at home
while adhering to a low carbohydrate (CHO) diet.

As for the investigated measures, in each parameter, the
mean value of the three last measurements just before
switching to GLP-1 was compared to the mean value of the
three last measurements on GLP-1 therapy.

Dietary and lifestyle recommendations

All patients were explained that their body mass (and not
specific glucose levels) — is the primary target. So as to
avoid old habits of defensive eating, all instructions were
made under the motto: “There is only one reason to eat:
the feeling of hunger”. The main principles of this approach
are summarized as follows:

1. Personalized instructions. During each patient’s first
visit, the dietitian performed a thorough personal data
collection, including a psychological portrait, detailed eating
anamnesis, and habits, as well as the patient’s lifestyle and
the nature of his/her occupation.

2. Preference for alow CHO menu. As opposed to regular
low CHO diets, which count vegetables as CHO, our guidelines
did not do so. In fact, one of the instructions specifically said:
“the more vegetables — the better!”. Patients were guided to



have vegetables of five different colors on their plate at each
meal - three times per day on average.

3. In cases where the patient’s habits at baseline had a
CHO ingestion of almost 100%: gradual changes were made
to minimize CHO ingestion, while simultaneously preventing
a patient’s failure to adhere to a strict menu.

4. Patients were advised to prefer the CHO in specific
foods, such as lentils, whole grains, whole grain bread, and
foods containing a high amount of dietary fibers.

5. No calorie counting. Instead, patients were instructed
according to the average gastric volume of a healthy person,
which is 500cc. We chose to work with food volumes, which
in turn were gradually decreased during the follow-ups.

6. Meal schedule. The timing of meals was selected on
an Individual basis, by the maximal activity periods of each
patient.

7. The time gap between meals. The minimal gap between
meals was 3 hours. No maximal limit of fasting duration was
indicated.

8. Obligatory physical activity. Aerobic activity was
preferable, and so it was the most recommended activity, with
some additional minimal anaerobic (muscle strength) exercises.
Consulting with a sports trainer was strongly recommended,
albeit we do not provide this service at our Diabetes Institute.
Patients were required to walk 3—4 hours per week as part of
their required aerobic activity.

Definition of remission

Normalization of glycemia (HbA1C < 7%) together with
complete insulin discontinuation (“insulin  weaning”)
was defined as a remission of diabetes. Normalization of
glycemic status (HbA1C < 7%) with a significant reduction of
insulin dose (more than 25% of basal TDI) and substitution
of Multiple Daily Injections (MDI’s) by one insulin injection
only was defined as a partial remission of diabetes. Our
compliance Score and Hypoglycemia Assessment were
successfully used in our previous works: [19, 20].

Compliance assessment

When at least two of the four following parameters were
met, the patient was considered as incompliant:
e Patient has missed two or more appointments at the
diabetes clinic during the last year.
e Patient has not provided self-monitoring of blood
glucose (SMBG) results at least twice during the last year.
e Low compliance with diet and physical activity.
e Patient has not measured postprandial blood glucose
(BG) during the last year.

Table 1.
Hypoglycemia assessment score
Taba. 1.
CucTema rpagaumum TAXKeCTU FMMOr/IMKEMUU MO OLLeHOYHbIM 6as/1am

Score Hypoglycemia frequency
0 No hypoglycemia episodes
1 Less than 1 episode/month
2 1-3 episodes/month
3 1 episode/week
4 2-4 episode/week
5 5 or more episodes per week

Hypoglycemia assessment

All  hypoglycemia events were divided into severe
(patient required assistance) and non-severe. Non-Severe
hypoglycemia was assessed according to the following
score (Table 1).

Metabolic Index (MI)
A new parameter of metabolic health in T2DM

While Hemoglobin A1C (HbA1C) is associated with increased
risk of cardiovascular events, its use in the prediction of
cardiovascular disease (CVD) events in combination with
conventional risk factors has not been well defined [21].

Deciding on including novel risk markers in risk assessment
remains a topic of intense debate and research [22-24].

The focus of health systems worldwide on glycemic
indicators, i.e., HbA1C levels - the therapeutic approach
is known as “Glucocentrism” - has improved glycemic
levels in the population during the last decade, mainly via
therapeutic intensification. Indeed, more patients reach
the target HbA1C level, which is less than 7%, but without
any apparent benefits regarding cardiovascular (CV)
complications [25-28].

Meanwhile, growing evidence indicates that cardio-
metabolic risk factors - obesity, hypertension, and
dyslipidemia - rather than hyperglycemia per se, are
the principal culprits for CV complications among type 2
diabetes mellitus patients, particularly in young adults [29].

There is currently a strong need for a new way to measure
T2DM treatment quality, which would help predict CV risk
and prevent possible patients’ overtreatment [30-32].

On the other hand, energy surplus, which results in obesity
and high BMI, strongly correlates with the main components
of metabolic syndrome - adiposity, hyperlipidemia,
hypertension, proteinuria, glucose intolerance — well known
as major CV risk factors. Other anthropometric measures
(e.g., waist circumference, waist-to-hip ratio) could well add
extra information to BMI. However, BMl is in itself a strong
predictor of overall mortality, while progressive excess
mortality above 25 kg/m? is mainly due to vascular disease
and is probably mostly causal [33-36].

Knowing that every additional 5 kg/m* of BMI would elevate
the hazard ratio of major CV events up to 1.39[35] while every
reduced unit of HbA1C would reduce the risk of those events
by approximately 16%[37], we developed and mathematically
substantiated a new parameter which is based not only on a
surrogate glycemic parameter (HbA1C) but takes into account
a patient’s anthropometrical and energy status (BMI).

We named this new parameter “MI” — Metabolic Index. The
metabolic index (MI) fluctuations are a result of changes in
both body mass index (BMI) and HbA1C values.

Assuming the range of the potential impact HbA1C and
BMI may have on CV risk, a simplified formula for MI can be
issued as follows:
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MI=(BMI)"Sx (HbA1C)

It is clear that we may reduce MI by a lowering both
HbA1C and BMI. On the other hand, a reduction in HbA1C
at the price of an elevated BMI (with hypoglycemic and
energy-sparing therapies) will result in an increased M,
and therefore should be deemed unacceptable. This is in
complete accordance with our Gravicentric theory. Thus,
implementation of the MI parameter, as opposed to HbA1C
levels alone, can help predict CV risk and protect T2DM
patients from possible overtreatment. For a more detailed
mathematical assessment, please see the Appendix.

Statistical analysis

Pre and on GLP-1 measures were compared using a paired
samples t-test. Due to the small sample size, the Wilcoxon
signed-rank test was applied to analyze measures that
resulted in small values and noticeably deviated from
normality. Pearson correlation coefficient was performed
to estimate the strength of correlation between several
measures.

RESULTS & DISCUSSION
Basal patient’s characteristics

As shown, adding GLP1 to poorly controlled, severely obese
insulin-treated patients with T2DM - in accordance with our

Gravicentric theory - leads to significant improvement in
body mass (BMI reduction from 35.1 + 4.8 to 32.8 + 5.0, p
< 0.001), concomitant decrease in insulin requirements (by
50% from baseline), and impressive improvement in glycemia
(HbA1C reduction from 9.3 £1.4 t0 8.5 + 1.4 %, p < 0.001).

One of the exciting findings of our investigation was the
phenomenon of reversibility of T2DM, which includes
“insulin weaning”. The metabolic improvement can be
easily seen through a reduction in insulin requirements.

Thus, 64.2% of the patients have reduced their TDI by
more than 20 u/day, while 20 patients (37% of total cohort)
reduced their insulin requirements dramatically: with 13 of

250

p<0.001 u Before

After
200 193.68

168.38
150

p<0.001

100 918
p<0.001

351
p<0.001 528

928 854

o R
HBA1C (%) FBG (mg%) TDIdose (U) BMI Weight ( kg)
Table 2. Fig.1. Dynamics of main parameters on GLP-1 added to insulin
Basal characteristic of patients therapy in total cohort
McxoaHble XapaKTePUCTUKM NaLMEHTOB Ta6n. 2. Puc. 1. /iIMHaMMKa OCHOBHBIX MOKa3saTe/eit Ha ¢poHe MM-1,
AOGaB/IeHHOrO K UHCY/IMHOTEpanuu. Bce naumueHTbl
Total N of patients 54
Male 24 them (24%) switching from MDI to only one insulin injection
per day, and with 7 patients (13%) stopping any insulin
Female 30 therapy, see Table 4.
Mean age (years) 59.9
R Post Hoc, we performed a more detailed analysis to find out
Mean age of T2DM beginnin ears 43.6 ’
g ] 9 9ty ) which kind of patient is the most likely to succeed on this
Mean DM Duration (Months) 205 = 80 type of intervention. As previously noted, the vast majority
Mean duration of Insulin therapy be- 56.1 of participants, 34 patients (64.2%), had reduced the Total
fore GLP-1 was added (Months) : Daily Insulin (TDI) dose by 20 U/day at the very least, along
Mean Duration of GLP-1 therapy 2575 £ 187 with |mprov§d diabetes control - Group A , while 19 (35.8%)
(Months) /5 =18. - Group B - did not succeed to do so.
Table 3.
The main results of the study. A total cohort.
Tabn. 3.
OCHOBHblE pe3y/bTaTbl UCC/I€A0BAHUA. Bce naumeHTbl
Parameter Before GLP-1 On GLP-1 Pvalue
HbA1C (%) 93%*14 85x14% p <0.01
FBG (mg %) 1937721 168.4 £ 64.8 p < 0.001
TDI dose (U) 80.6 £42.7 41.0 £30.7 p <0.01
BMI (kg/cm2) 35.1+48 32.8%5.0 p < 0.001
Weight (kg) 97.7+11.7 91.8%11.8 p < 0.01
Severe Hypoglycemia 0 0 NS
Non-severe Hypoglycemia Frequency Score 0.21£0.7 0.53%x1.6 P=0.17
Metabolic index (MI) 1960.7 £ 561.4 1599.6 £ 501.5 p < 0.001



Table 4.

Remission rate on Gravicentric approach with GLP-1 added to insulin therapy

Tabn. 4.

YacToTa peMuccuii B pesy/ibTaTe npumeHeHUs paBULLEHTPUYECKOro MeToAa ¢ nomoLubio M-, 406aBAEHHOrO K MHCY/IMHOTEpanum

Metabolic improvement as demonstrated by insulin requirements reduction N (%)

Stopped one kind of insulin, while Multiple injections (MDI) were substituted by one
injection only (partial remission)

Complete Insulin discontinuation (Insulin weaning and full remission)

Total number of patients with partial or full remission

Table 5 offers a comparison of the main clinical and laboratory
parameters, as well as patients’ compliance in the two groups. It
should be noted that although any differences in body weight and
BMI at baseline were absent, Group A showed an impressive weight
reduction with GLP-1added to insulin therapy, while Group B showed
minimal BMI reduction, p< 0.001. This led to an improvement in
insulin resistance (IR), which in tum led to the notable reduction in
insulin requirements in group A (ATDI on GLP-1 was-62.4 * 31.9 U/day)
with no TDI reduction in Group B (ATDI on GLP-1 was +0.03 * 14.1 U/
day). However, both groups improved their HbA1C levels to the same
range (Group A: 8.7+1.4%, Group B: 8.8+1.4%, p =NS). An intriguing
notion which could explain the differences between the groups is
our Compliance Score. The higher the score, the more incompliant
the patient. Thus, the Compliance Score in Group Awas 1.4 1.1, while
in Group Bitwas 2.2 +1.0, p<0.02.

Discussion
In our study, the Gravicentric therapeutic approach with a gradual

de-intensification of treatment was applied to all 54 patients,
according to our previously published algorithm [11]. Most

13 (24.0 %)

7 (13.0%)
20 (37%)

participants have tried all possible therapeutic options before
and have reached the “failure-stage” of therapy intensification
according to standard treatment schemes, with no other available
therapeutic options besides further insulin dose elevation. Before
the study, the patients’ long-lasting diabetes combined with a
long-term insulin therapy has led the attending medical staff to
frustration and disappointment with their inability to control the
disease. Unfortunately, this is a typical situation in this category of
diabetic patients. Most patients previously underwent additional
intensification by switching from one insulin injection per day to
MDI, together with insulin dose titration. All this — with virtually no
effect on diabetes control.

Shifting treatment objectives from glycemic parameters
(HbA1C) to the restoration of energy balance (BMI
reduction) leads to impressive and often fast improvement
of diabetes control. As can be seen in the study, only those
who significantly reduced their body weight were able to
decrease the insulin dose by more than 20 units per day,
with concomitant improvement of glycemia. The ABMI was
-3.3+2.4 in the successful Group A and only -0.9+1.2 in Group

A comparison of the main clinical and Laboratory parameters in the two groups.

CpaBHeHMe OCHOBHBIX K/IMHMYECKMUX U /1abopaTOpHbIX MoKasaTe/eil B 06enx rpynnax

Group A

(TDI reduction by = 20 U/day)

N (%) 34 (64.2%)
Male 18 (53%)
Female 16 (47%)
BMI before GLP-1 kg/cm2 35,548
BMI on GLP-1 kg/cm2 32353
A BMI on GLP-1 kg/cm2 3324
HbA1C before GLP-1 (%) 9.5%1.5
HbA1C on GLP-1 (%) 8714
TDI Before GLP-1 (U/day) 97.4%40.4
TDI on GLP-1 (U/day) 29.0 £33.2
A TDI on GLP-1 (U/day) -62.4+319
IWR before GLP-1(U/kg) 1.0 £ 0.4
IWR On GLP-1 (U/kg) on GLP-1 0.4 £0.31
Tot. Compliance Before GLP-1 26%x1.0
Tot. Compliance on GLP-1 1411

MI Before GLP-1
MI on GLP-1
A MI on GLP-1

2043.9 £ 638.2
1557.2 £ 557.2
-486.6 £ 436.7

Table 5.
Tabn. 5.
Group B

(TDI reduction by € 20 U/day) P
19 (35.8%) NS
6 NS
13 NS
33.643.9 NS
32.7+3.7 NS

0912 <0.001
9.3%1.5 NS
8.8+ 1.4 NS

52.2431.0 <0.001

524311 <0.001

+0.03 £14.1 <0.001

0.55+0.32 <0.001
0.55 % 0.32 NS
2.80.73 NS

2.2%1.0 P<0.02
1803.6 + 375.4 NS
1643.7 £ 382.0 NS

-159.9 £ 83.2

p=0.005
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B, p<0.001. It is noteworthy that there was no difference in
BMI levels at baseline between the two groups.

This weight-losing paradigm has been recently presentedin a position
statement by the American Association of Clinical Endocrinologists
(AACE), under the motto “Treat obesity first”” [38]. We have been
recommending this approach for years [1]. As for our Gravicentric
algorithm, it has been created in line with an almost 20-year-old
proposal [39]to divide patients according to their BMI: “Patients must
also be separated for therapeutic purposes into obese and nonobese
groups, inasmuch as beta-cell function and sensitivity can be improved
in the former by weight reduction. Pima Indians with obese type Il
NIDDM experienced improvement in beta-cell function and glucose
intolerance after 3 wk of caloric restriction and improved sensitivity of
target tissues after 18 wk. Such remissions occurred only in patients with
fasting glucose levels below 14 mmol/L (250 mg/dL) and diabetes of less
than 5y duration. Unfortunately, in the United States dietary adherence
and weight reduction are seldom achieved in the obese patient with
NIDDM”. Unfortunately, this recommendation was disregarded and
remained forgotten for many years.

In the current study, we only prescribed weight-lowering, anti-
energetic (energy wasting) medications, and simultaneously
stopped all pro-energetic (energy sparing) medications. In
our experience, when a doctor provides a clear explanation
regarding the role of energy in the treatment of the disease
and then prescribes the patient with the anti-energetic
medications, most patients (more than 64%) begin effectively
losing weight, insulin resistance subsides, and insulin
requirements decrease dramatically.

Allin all, we had two groups in this study:

- The biggest group (Group A, success) is characterized
by significantly (virtually, twice) larger TDI at baseline; very
impressive weight reduction and much better compliance as
compared to Group B.

-The smaller group, (Group B)is characterized by physiological
TDI, minimal weight reduction, and no insulin dose reduction (no
improvement in IR).

As aresult of the therapy, patients in Group A have significantly
improved their metabolic health, withimpressive TDI reduction
(reflecting the disappearance of IR), and in some cases, even
up to insulin weaning. This metabolic improvement is best
represented by our new index (MI - Metabolic Index). Indeed,
AMI was maximal in group A (-486.6 * 436.7) as compared to
Group B (-159.9 * 83.2), p=0.005.

Thus, even though both groups had similar MI levels at
baseline and had achieved the same HbA1C levels on GLP1
therapy, evidently, patients of group A became leaner and
metabolically healthier.

Why did that occur? It is well known that obesity is primarily a
positive energy balance, and as such, it is an expression of many
concomitant factors: eating and social habits, low physical activity,
psychological disturbances, genetics, etc. [40].

We suggest overtreatment as the key factor in obesity and the
inability for weight reduction in Group A. Essentially, at baseline,
these patients got insulin (TDI) in doses that were almost double
the doses patients in Group B had received. Surprisingly, patients
of Group A achieved success in their weight loss and metabolic
recovery. In these patients, the sequence of events looks as
follows:

De-intensification by reducing the supraphysiological doses
of insulin to physiological ones > Remarkable alleviation of
weight loss due to avoidance of energy retention, absence
of hypoglycemia and no further need for defensive eating >
A “miracle effect,” when the patient himself sees that in spite of
noticeable insulin dose reduction, not only did diabetes control
not deteriorate but in fact, it drastically improved. This event
makes our patients feel as if they are experiencing a miracle,
which leads to > Dramatic improvement in patients’ motivation
and compliance >

As a result, there is more weight loss, less insulin resistance,
and an additional reduction of insulin doses, sometimes up to
total insulin withdrawal. Hence, it is not surprising that patients’
compliance became significantly better in Group A as opposed
to Group B.

Unlike Group A patients, the impact of overtreatment on
obesity in Group B patients was minimal (most were treated
with physiological doses of insulin at baseline). This fact made
their weight reduction much more complicated. As a result,
patients from Group B had minimal weight reduction and
no decrease in insulin doses. Thus, in spite of the fact HbA1C
dropped to the same levels in both groups, patients in group A
became much leaner and metabolically healthier than diabetic
patients in group B (see AMI).

CONCLUSIONS

Adding GLP-1 analogs to insulin in poorly controlled, insulin-
treated T2DM patients resulted in impressive weight (BMI)
reduction with significant improvement of glucose control.
This provided a further decline in insulin resistance and insulin
requirements.

This approach would allow up to 37% of patients to attain
partial or full remission of T2DM, while 64% of diabetic patients
would significantly improve their metabolic status. Changes
in Metabolic Index (MI) rather than surrogate glycemic
parameters (HbA1C) are better reflectors of successful T2DM
therapy. Hence it may be advised to substitute HbA1C in
extensive clinical practice.

We suggest that the best candidate for successful GLP-1
therapy is an obese, overtreated, and compliant T2DM patient.
It is likely that neither the duration of diabetes nor the length
of insulin therapy plays a critical role in success prediction. All
in all, these findings are proof of concept of our Gravicentric
theory in T2DM.
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It is known, that independent increasing of BMI by index 1 (4%),
increases value of MI by 6%, while increasing of HBA1C by index 1
(17.2%), increases the value of Ml by 16%.

These relationships lead us to the simple following expression for MI:
MI = (BMI)™+ (HBAy )"

Let’s estimate values of “m” and “n” according to above
limitations.

The derivative of Ml leads to the following expression of MI
deviation (increase/decrease):



AMI =m- BMI™ ! . ABMI +n - BMI™ - (HBA,c)"™* - A(HBA,()

Let’s check independent impacts of ABMI and A(HBA1(C)
on relative (in percentage) change of MI.

Repeating the same manipulation in the case of partial
impact of A(HBA1C) and ABMI=0, we get the following
relationship:

AMI  A(HBA;¢)

MI ~—  HBA,,
First, assume the partial impact of ABMI. In this case

A(HBAIC) = 0 and And n=0.16/0.172=0.93.

Finally, the formula for calculation of Metabolic Index look

AMI m: BMI™' - (HBAyc)" m BMI™ 1+ (HBA; )"

;i i BBMI = — e A ABMI = like the following:
— 15 . 0.93
_mBMI™ (HBA" L ABMI MI = (BMI)™> " (HBA;c)
T T BMI™T (HBAL)" ="Ml

Assuming the range of possible impact of HBA1C on MI,

Taking in account, that the relative increase of BMI by 0.04 the simplified formula for M can be issued:

(4%) leads to relative increase of Ml by 0.06 (6%), one can

find m=1.5. MI = (BMI)*S- (HBA;¢)
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AHHOTaums

JTO UCCIegoBaHMe SBNSETCS NOATBEPXKAEHMEM Hawen MPaBULLEHTPUYECKOM KOHLUenuMn. JaHHasa KOHLenums
OCHOBAHA Ha HECKOJIbKMX OCHOBHbIX MOMEHTaX: OXXMPEHME KaK rMaBHbIl Bpar; 6bICTpas 06paTtMMoCTb 3aboeBa-
HWS; HOBbINW B3NS4, HA POJib, KOTOPYHO UrPatoT B ieveHnn CA2 pasnumyHble hapMakonormyeckme Knaccbl npenapa-
TOB BOOOLLE, M POJIb MHCYNMHA M aHanoroB MMN-1 B yacTHOCTU. B cTaTbe NpencraBieHbl M 06CY>KAAKTCA: HALL OMbIT
coveTaHus MHCYNMHa 1 aHanoros [TIMN-1, BO3MOXHOCTb 0TX04a OT MHCYIMHOTEPANUK; TepaneBTUYECKUI MOOXOA,
019 NAUMEHTOB, MOABEPTLUNXCS YpE3MEPHOMY JIEYEHMIO, PU3NONOrMYECcKoe [O03MPOBAHME UHCYIMHA.

Uenu

MepBUYHas: OLEHUTb AONTOCPOYHYO 3P dEeKTMBHOCTL aHanoros ITIMN-1 y naunmeHToB C caxapHbIM AMabGeToM
2-ro Tvna (CA2), NonyyYaBLUNX UHCYIVH.

BTopmnyHas: npoaHanu3nMpoBaTb, KAKOW NaLMeHT Hanbonee BEPOSTHO BbIMIPAET OT 3TOFO0 KOMBVMHMPOBAHHOIO
neyeHus.

MeToabl

Y 54 naumeHTtos ¢ C[2 co cpeaHen NpPoAOIKUTENbHOCTLIO 3aboneBaHusa 17,5 net u cpenHen crteneHbo UHCYn-
HOBOW Tepanuu 4,5 roaa 6bi1a Ha3HayYeHa AONONHUTENbHAA Tepanusa aHanoramu M-1. CpeoHsaa NpoaO/IKUTENb-
HOCTb ieyenHus IMMN-1 cocraBuna 25,8 Mmecsiua (2,15 roga).

B xone BMeLwaTenbCcTBa Obinv NpoaHanM3npoBaHbl KIIMHUYECKME, BUOXMMUYECKME N aHTPONOMETPUYECKUE Na-
pameTpbl. Bbinn NponsBeaeHbl OLEHKU KOMIMIA3HTHOCTU, TMNOIIMKEMUK 1 MeTabonnyeckoro nHaekca (MU).

MonyyeHHble pe3ynbTaThl

CpenHee copepxxaHue rMUKMpoBaHHOro reMoriobmHa (HbA1C) cHu3smnock ¢ 9,28 = 1,43% — [0 NOOKIOYEHUS
IMM-1 po 8,54 = 1,4% — Ha doHe [MTIMN-1, p <0,01. O6was cytoyHas [o3a UHcynuHa (TDI) nokasana 3HavyuTenbHoe
cHuxeHwue: 80,6 = 42,7 en/neHb oo Havana [MMN-1 npotms 41,0 = 30,7 ea/aeHb Ha TIN-1, p <0,01. 3TK n3MeHeHUs
OblIM HAaNPSMYLO CBSI3aHbl € notepei Beca. UMT cHu3umncs ¢ 35,1 = 4,8 kr/cm?, oo 32,8 £ 5,0 kr/cm? Ha (hoHe aHano-
ros ITIMN-1. Mpw 3TOM nauuMeHTbl B CpeaHEM NoTepsanu 6,7 Kr Maccbl Tena. bonee Ttoro, 13 (24%) y4acTHMKOB Npekpa-
TUNU NPUHUMATb XOTS 6bl OAMH BUA UHCY/IMHA, B TO BpeMsa Kak 7 (13%) npekpaTuam npmeM MHCYAINHA MONHOCTbIO
C OAHOBPEMEHHbBIM Yiy4LleHNeM KOHTposna anabeta. KnMHuyeckm 3Ha4MMon rmnornmkemMmm He Habnoaanoco.

Mocne 3Toro y4acTHUKM Bblnv pacrnpeneneHbl No rpyrnnaMm B COOTBETCTBMM CO CMOCOBHOCTLIO KaXKA0ro naumeHTa
cHwxkaTb TDI 6onee yem Ha 20 en/peHb. Ipynna A — 34 naumeHTa (64,2%), KOTopble ycnewHo cHmusuam TDI. [pynna
B - 19 naupneHTOoB (35,8%), KOTOPbIM 3TO He yAan0Ch.



MEIMKO-b10NIOr NYECKWE HAYKW

CpaBHeHwue ABYX rpynmn nokasano cnenyoLuee:

1. Ha MOMeHT Havana nccnegoBaHMsl obLLas CyTouHas Ao3a MHCYAMHA B rpynne A 6bina BaBoe 6onble (974 +
40,4 epn/peHb npotus 52,2 £ 31,0 en/neHsb B rpynne B), p <0,001.

2. OyeHb 3dPekTnBHOE CHMXKeHne UMT (AUMT 3,3 = 2.4 kr/cm? npotms 0,9 £ 1,2 kr/cM?, p <0,001) n HaMHOro ny4-
Lwas KoOMNAasHTHOCTb (1,4 = 1,1 npotws 2,2 £ 1,0 6annos, p <0,02) B rpynne A.

3. 3HauUTENbHOE CHUXEHME NOTPEBHOCTU B MHCYNUHE B rpynne A npu tepanuu IMM-1 (ATDI Ha IMMN-1 6bna-62,4
% 31,9 en/peHb) 6e3 cHkeHus TDI B rpynne «B» (ATDI Ha GLP-1 6bina +0,03 £ 14,1 en/cyT, p <0,001).

TaknM 0b6pa3oM, HeCMOTpPS Ha To, YTo nNpwu Tepanuu MMN-1 nokasatenn HbA1C cHU3MANCL A0 OANHAKOBO-
ro ypoBHS B 06eux rpynnax, naumMeHTbl U3 rpynnbl A CTann 3Ha4YuTenbHoO 6onee XyabiIMn U MeTabonmnyecku
6onee 340p0OBbIMU.

Mbl nonaraem, YTo KpUTUYECKUM (DAKTOPOM OXMUPEHUSA B rpyrnne A NoCayXuna «nepesevyeHHOoCTb» 3TUX
naumMeHTOoB.

BbiBoAbl

Jo6aeneHune aHanoros [TIMN-1 K MHCYNMHY Y NJIOXO KOHTPOAMpYyeMbIX naumeHtos ¢ CA2, nonyyYaBLumMx UHCY-
JINH, NPUBENO K 3HAYUTENTIbHOMY CHUXKEHMIO Beca (MIMT) CO 3Ha4YMUTENbHbIM Yy4YLlEHUEM KOHTPOS [IHOKO3bl. 3TO
obecneynno ganbHelwee CHUKEHNE MHCYIMHOPE3UCTEHTHOCTU M NOTPEBHOCTU B MHCYNUHE. Mbl NoNaraem, 4yto
NyYWM KaHAMOATOM A5 yCneLwHon Tepanumn aHanoramu IMM-1 aBngeTca cTpaaatoLlLmin OXUpeHneMm, noasep-
FHYTbIN YpE3MEPHOMY JIEYEHUIO U KOMMIA3HTHbIM 6onbHOM C2. U3MeHeHnsa MeTabonuyeckoro nHaekca (MM), a
He CypporaTHbIX MukeMuyeckmx napametpos (HbA1C) aBngoTCs NydwMMuy NpeamKTropamMu yCrnewHom Tepanmm
CA2. Hv anutenbHOCTb AMabeTa, HY ANUTENIbHOCTb MHCY/IMHOBOM TEepanum B NPOLLIOM, CKOpee BCEro, HE UrpatoT
peLuatoLLer poan B MPOrHO3MPOBaHUM YCNexa. T pe3ynbTaThl SBASIOTCA NOATBEPXKAEHMEM HaLLeN [paBULLEH-
Tpu4eckon KoHuenumm B CO2.

KJTOYEBbIE CJZIOBA: ananoru MM-1; uHcynuH; CA2; MeTabonmMueckuii MHAEKC; NpaBuLEeHTpUYECcKas KOH-
uenums; pemuccmsa guabeta



