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Abstract

Background: Obesity and diabetes are a worldwide epidemic, and their complex physiological interactions
contribute to an increase in morbidity and mortality. Previous studies have shown that the use of diabetes medications
could affect the response to weight loss interventions. However, the results are still scarce and contradictory. Therefore,
the aim of this study was to investigate whether body composition improvements of participants in a comprehensive
weight loss program focused on reducing visceral adiposity were affected by prescription diabetes medications.

Methods: This retrospective study analyzed from 2,200 subjects who completed a commercially available expert
supervised program including ~6 weeks of a structured, nutritionally complete low/very low-calorie diet followed by a
~3-week structured transition back to a normal dietary intake. Overall, 33% of the subjects reported taking at least
one prescription diabetes medication. Endpoints assessed included weight, body mass index, body fat percentage,
intracellular fluid, and visceral adiposity.

Results: Our data show participants in both groups (+/- diabetes drugs) achieved clinically relevant and
statistically significant improvements in standard measures of weight loss and outcomes known to be directly related
to inflammation and diabetes (intracellular fluid, visceral adiposity).

Conclusions: A non-pharmacologic, non-surgical low/very low calorie-based weight loss and metabolic health
program is a therapeutic approach capable of producing clinically significant improvements in body composition and
physiological outcomes, including those linked to diabetes, cardiovascular disease, and inflammation. Additionally, this
approach is equally effective for adults taking prescription diabetes medications, as well as for participants who are not.
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Introduction

According to the United States Center for Disease Control’s (CDC)
most recent data of 18, approximately 42.5% of adults the United
States are obese [1], and statistics show over 122 million Americans
are currently diagnosed with type 2 diabetes (T2D), insulin resistance,
or prediabetes [2]. The presence of obesity increases the risk of a wide
range of disorders including T2D and Cardiovascular Disease (CVD),
as well as metabolic and inflammatory disturbances [3-6], and it is
known that complex physiological interactions contribute to and
perpetuate a heightened morbidity and mortality in this population [7].
The interrelated mechanisms have been directly or indirectly linked to
development and progression of insulin resistance, hyperglycemia,
endothelial dysfunction, as well as increased risk of hypertension,
hyperlipidemia, inflammation, and production of adipokines and
oxidative stress products [6-9].

Several pharmacological treatments are used for both diabetes
and obesity, aiming to control weight gain and hyperglycemia [7-
10]. However, the effects on weight gain and weight maintenance
vary among the classes of diabetes medications and, in fact, may vary
somewhat within each class. In this sense, metformin has been reported
as having a small but favorable effect on weight maintenance, while
insulin, sulfonylurea, and thiazolidinedione were previously associated
with variable weight gain [10-13].

Considering this evidence, in the present study, we asked whether
diabetes medications affect the ability of participants to achieve the
same level of body composition improvements as participants who
were not taking anti-diabetic medication. We assessed changes in

body weight, Body Mass Index (BMI), Visceral Adiposity (VA), body
fat percentage, and Intracellular Fluid (ICF) to provide a clear picture
of outcomes in participants with or without prescription diabetes
medication in an effort to identify any advantage or disadvantage. We
have found that prescription treatment for diabetes does not negatively
affect body weight or BMI reduction of male and female participants in
a two-month intensive weight reduction program focused on lowering
subcutaneous and visceral adiposity and that both groups achieved
similar, meaningful improvements in VA and ICF, which are linked to

cardiovascular and metabolic disease risk, inflammation, and overall
health.

Methods

Subject and Program Overview

This was a retrospective review of data from 2200 participants
of the 20Lighter program (20L, Cheyenne, WY) [14]. This study was
conducted with informed consent under a protocol reviewed and
approved by a third-party Institutional Review Board (Asentral, Inc.
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Institutional Review Board approval received on November 1, 2016 for
protocol # 2016-443A) and in accordance with the 1964 Declaration of
Helsinki and its subsequent amendments. Briefly, 20L is a commercially
available, expert supervised 3-phase program included a loading
day followed by ~6 weeks of a proprietary structured, nutritionally
complete, low calorie/very low calorie diet (LC/VLCD, 510-1000 kcal/
day), and a ~3 week structured customized transition back to a normal
dietary intake [15-17]. Participants engaged in once daily home weigh-
ins, daily communication with the supervising provider, proprietary
vitamin/mineral supplementation, daily journaling, and at least three
body composition analyses (initial baseline, ~day 18-22, ~day 36-
40, and ~day 60-65) using a bioelectrical impedance device (see
below). Participants were encouraged to engage in light physical
activity (e.g., walking) but to avoid beginning highly strenuous
exercise until they completed the structured LC/VLCD and had
begun the third phase (dietary transition period) of the program
(weeks 6-9). Management of prescription medications was handled
by each participant’s primary care physician (PCP). Clinical trial
registration number: NCT04807959.

Body Composition Analysis: 20L measured body composition via
an FDA-cleared Class 2 medical device with Bioelectrical Impedance
Analysis (BIA) via bipolar foot electrodes (Tanita Corporation)
to monitor participant progress. Endpoints of interest assessed
included BMI, visceral adiposity (VA), body fat % and intracellular
fluid (ICF). The measure of VA is calculated by a proprietary
Tanita Corporation algorithm as a visceral fat rating (VFR, range
1-59 points; where a rating above 12 is considered abnormal).
These endpoints were calculated using the proprietary Health Edge
Software (Tanita Corporation).

Comparison of Groups & Statistical Analysis: Baseline
demographic and characteristic values are described in Table 1. Fisher’s
exact test was used to test significance of categorical data. To assess
for significance of each outcome from baseline to 60 days, a Wilcoxon
matched-pairs signed rank test was employed. A comparison between
the groups (participants taking prescription Diabetes Medication
(DIA) and those who were not (NON-DIA)) of change in outcomes
from baseline to 60 days was assessed as a percentage of improvement
(change/baseline value *100). To assess significance of mean changes
between groups, a D’Agostino & Pearson normality test (DAP) was
used to show presence of normality in the population of means. If
the population of means passed the DAP normality test (parametric),
subsequent statistical analysis was done via an unpaired T-Test with
Welch’s Correction. If the means failed the DAP Normality Test
(nonparametric), subsequent statistical analysis was done via a Mann-
Whitney U-Test. Baseline demographic values (age, BMI) are reported
as median + SD. All outcome data is shown as mean + SEM. In all cases,
the statistical significance threshold was p<0.05.

Results

Baseline Demographics: Age, BMI, comorbidities, history and
prescription medications of 2,200 participants completing a 20Lighter
program are presented in Table 1. Of the 2,200 participants, 270
(12.3%) reported taking at least one prescription diabetes medication,
an additional 334 (15.2%) reported they declined to begin prescription
diabetes medication, or their PCP had indicated they were prediabetic
or if body composition and/or HbAlc, and/or blood glucose levels did
not improve medication would be prescribed. Comorbidities included
dyslipidemia or triglyceridemia, T2D, hypertension, depression,

Table 1. Baseline characteristics.

NON-DIA (n = 1930) DIA (n = 270)
Age, years 1%‘:5; (:5451.3) 23.75;69.77)
Gender male, n (%) BMI 339+57 36.3+62
Prescription Medications by Health Condition, n (%)
Hypertension 576 (29.8) 150 (55.6)
Dyslipidemia 376 (19.5) 218 (80.7)
Diabetes 270 (100)
Type 1 5(1.85)
Type 2 265 (98.15)
Depression 467 (24.1) 47 (17.4)
Gout 108 (5.6) 31(11.5)
Arthritis 57 (3.0) 22 (8.1)
Other 343 (17.8) 81 (30)
Comorbidities
23 184 (9.5) 219 (81.1)
2 439 (22.7) 47 (17.4)
1 786 (40.7) 4 (1.5)
0 521 (27) 0(0.0)

Data presented as median + SD or number (%). Significant differences between groups include gender, hypertension medication, dyslipidemia medication, other
prescription medication, and 1 comorbidity (" = <0.0001), gout medication and arthritis medication (" = <0.001), and depression medication (" = <0.05).
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previous treatment for cancer, at least one previous heart attack, fatty
liver disease, joint replacement or reconstructive surgery, arthritis,
gout, epilepsy, angina, atrial fibrillation, sleep apnea requiring a CPAP
machine, among others. Participants taking diabetes medication were
slightly younger (median age: 52.1 + 9.7 DIA, 55.2 + 4.6, NON-DIA)
and had a higher BMI (median BMI: 37.0 + 6.2 DIA, 35.6 + 5.7, NON-
DIA) than those who were not, but the differences were not statistically
different. Significant differences in characteristics of the DIA and
NON-DIA groups are noted in Table 1.

Improvement of Outcomes within DIA & NON-DIA Groups:
From baseline to 60 days both DIA and NON-DIA groups showed
similar clinically relevant and statistically significant changes in body
weight, the most basic weight loss outcome measurement. The DIA
group’s body weight was reduced from a mean baseline of 241.6 + 4.7
Ibs t0 207.8 + 3.9 1bs at 60 days (p<0.0001). The NON-DIA group’s body
weight was reduced from a mean baseline of 236.3 + 2.8 Ibs to 203.7 +
2.4 Ibs at 60 days (p<0.0001, Figure 1A). Mean BMI, a standardized
measure of height and weight, was reduced for both groups with the
DIA group 37.0 + 0.38 kg/m2 at baseline and 31.4 + 0.3 kg/m2 at 60
days (p<0.0001). The NON-DIA group was reduced from 35.6 + 0.13
kg/m?2 at baseline to 29.4 + 0.26 kg/m2 at 60 days (p<0.0001), as shown
in Figure 1B. As we looked into more complex body composition
changes over 60 days, we continued to see significant improvements.
As shown in Figure 1C, in DIA group, the VA was reduced from a
mean of 20.8 + 1.33 pts at baseline to 15.4 + 0.87 pts (p=0.0007); and
in NON-DIA groups VA was reduced from a mean of 18.1 + 0.52 pts
to 13.5 + 0.96 pts (p<0.0001, Figure 1C). The body fat percentage in

the DIA group dropped from a mean of 42.3 + 0.62 % to 35.8 + 0.62%
in the DIA group and from a mean of 40.7 = 0.51 % to 34.4 + 0.50
% in the NON-DIA group at 60 days. Both of these reductions were
statistically significant (p<0.0001, Figure 1D). More nuanced and less
often reported body water percentage represents intracellular fluid
[20]. The DIA group showed an increase of ICF from a mean of 40.1
+0.43% to 42.5 + 0.41% and the NON-DIA increased from a mean of
40.9 £ 0.29% to 43.3 + 0.24%. This increase was statistically significant
in both groups (p<0.0001, Figure 1E).

Comparison of DIA and NON-DIA Groups: To compare
the improvements between groups to assess for any advantage or
disadvantage in either group from baseline to 60 days, we compared
the mean percentage change in body weight, BMI, VA, body fat, and
ICF (Figure 2). The percentage of body weight lost during the study
did not differ between groups. The DIA group lost a mean 14.0 + 1.1%
and the NON-DIA group lost a mean 13.8 + 0.32%, (p=0.8615). The
percentage of BMI reduction was the same between groups (p=0.7486),
with a 13.4 + 0.60% reduction in BMI for DIA group versus 13.2 +
0.17% in the NON-DIA group. Similar to body weight and BMI, VA
(as measured by VFR) and body fat reductions did not differ between
groups. The percentage of VA decrease in the DIA group was 25.8 +
0.61% versus 25.2 £ 0.57% in the NON-DIA group (p=0.4725). Percentage
reduction of body fat in the DIA group was 15.5 + 0.67%, versus a 154 +
0.45% reduction of the NON-DIA group (p=0.9014). Lastly, no statistical
significance was found between the groups for percentage improvement in
ICF. The mean increase in ICF in the DIA group was 5.9 + 0.58% and 5.8 +
0.35 % for the NON-DIA group (p= 0.8827).
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Figure 1: Change from baseline to 60-days for DIA and NON-DIA groups
We assessed and compared the mean at baseline and 60-days for each outcome to test for significant improvement in each outcome during 20L in both DIA
(participants taking diabetes medication) and NON-DIA (participants not taking diabetes medication) groups. *** p< 0.001, **** p< 0.0001.

A. Improvement of body weight: The DIA group’s body weight (in pounds, Ibs) was reduced from a baseline of 241.6 + 4.7 Ibs to 207.8 + 3.9 Ibs at 60 days (p<
0.0001). The NON-DIA group’s body weight was reduced from a baseline of 236.3 + 2.8 Ibs to 203.7 + 2.4 Ibs at 60 days (p< 0.0001).

B. Improvement of body mass index (BMI): In the DIA group, BMI was reduced from 37.0 + 0.38 kg/m? at baseline to 31.4 + 0.3 kg/m? at 60 days (p< 0.0001). The
NON-DIA group was reduced from 35.6 + 0.13 kg/m? at baseline to 29.4 + 0.26 kg/m? at 60 days (p< 0.0001).

C. Improvement of visceral adiposity (VA, as measured by visceral fat rating): In the DIA group, VA was reduced from 20.8 + 1.33 pts at baseline to 15.4+0.87
pts (p= 0.0007); and in NON-DIA groups VA was reduced from 18.1 + 0.52 pts to 13.5 + 0.96 pts (p< 0.0001). Both baseline measures are considered pathological
visceral adiposity (ratings of >11.0 pts considered abnormal).

D. Improvement of body fat: The body fat percentage in the DIA group dropped from 42.3 + 0.62 % to 35.8 + 0.62 % in the DIA group and from 40.7 + 0.51 % to
34.4 + 0.50 % in the NON-DIA group at 60 days. Both of these reductions were statistically significant (p< 0.0001)

E. Improvement of intracellular fluid (ICF): The DIA group showed an increase of ICF from 40.1 + 0.43% to 42.5 + 0.41% and the NON-DIA increased from 40.9 +
0.29% to 43.3 £ 0.24%. This increase was statistically significant in both groups (p< 00001).
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Figure 2: Comparison of between-group change from baseline to 60 days
To minimize the impact of baseline values between groups, we next directly compared the mean change from baseline to 60-day outcomes as a percentage of
improvement to assess any advantage or disadvantage between those taking and not taking DIA.
A. Mean improvement % of body weight: The percentage of body weight lost during the study did not differ between groups. The DIA group lost a mean 14.0 + 1.1
% and the NON-DIA group lost a mean 13.8 + 0.32 %, (p= 0.8615).
B. Mean % improvement of body mass index (BMI): The percentage of BMI reduction was the same between groups (p= 0.7486), with a 13.4 £ 0.60 % reduction
in BMI for DIA group versus 13.2 + 0.17 % in the NON-DIA group
C. Mean improvement % of Visceral Adiposity (VA): The percentage of VA decrease in the DIA group was 25.8 + 0.61 % versus 25.2 + 0.57 % in the NON-DIA
group (p= 0.4725).
D. Mean % improvement of Body Fat: Percentage reduction of body fat in the DIA group was 15.5 + 0.67 %, versus a 15.4 + 0.45% reduction of the NON-DIA group
(p=0.9014).
E. Mean % improvement of intracellular fluid (ICF): The mean increase in ICF in the DIA group was 5.9 + 0.58 % and 5.8 + 0.35 % for the NON-DIA group (p=
0.8827).
Discussion and glitazones are associated with weight gain, the more commonly

Obesity is more often than not, comorbidity for dyslipidemia
[3,21], CVD [5,22] and T2D [5-7,22]. We have previously shown
that the 20L LC/VLCD-based program is associated with significant
and meaningfully improvements of BMI, VA, ICF, and % body fat in
participants including those taking prescription hypertension, thyroid
replacement, and depression medications [14,16,17]. Importantly, in a
case report this level of reduction in body weight and VA improvement
was associated with the cessation of hypertension, lipid-lowering, and
T2D medication [15]. Here we investigated how body composition
improvements of participants with T2D (the DIA group, defined by
prescribed use of medication for T2D) compared to non-diabetic
participants. This group started with a higher body weight, BMI, VA
and % body fat and lower ICF than other participants. Despite this
disadvantage, participants on T2D medication achieved improvements
in body weight, BMI, VA, ICF, and % body fat on par with other
participants. To our knowledge, this is the first large-scale study
assessing VA and ICF changes between weight loss participants taking
and not taking T2D medications.

T2D is associated with numerous macrovascular and microvascular
complications [5-8,22], and as such, effective options to reduce its
severity and provide a path towards remission is crucial for reducing
risk of morbidity and mortality. Anti-diabetic drugs exert different,
class-dependent actions on weight [12,13]. Although, sulphonylureas

prescribed metformin and dipeptidyl peptidase (DPP)-4 inhibitors
have been suggested to slightly aid weight loss [12,13] and no
studies have assessed the impact of the different classes of diabetes
medication on body fat %, VA, or ICF. We do not know the
DIA participants exact breakdown of anti-diabetic therapy, but
assuming normal prescribing patterns, metformin is likely be the
most commonly used in this group with more than 50% taking it at
least as a monotherapy [23].

T2D and obesity are associated with multiple pro-inflammatory
pathways that benefit from weight loss interventions [7,10]. The
link between systemic inflammation and the development of
obesity and T2D is widely accepted [4,24,25] with VA a major
source of inflammatory molecules and markers [4,26]. VA is highly
metabolically active, releasing significant amounts of free fatty acids
into the general and portal circulation [3,24]. In addition, VA also
accumulates around the vascular wall and heart tissue [24,26], the
primary sites for CVD development. VA produces cytokines and
several other bioactive substances involved in inflammatory pathways:
tumor necrosis factor-a (TNF-a), interleukin (IL)-1p, IL-6, IL-10,
leptin, adiponectin, monocyte chemoattractant proteinl (MCP-1),
angiotensinogen, resistin, chemokines, serum amyloid protein, and
many others adipokines [3,4,6,27,28]. Furthermore, visceral adipose
tissue is associated with infiltrated pro-inflammatory M1 macrophages
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and immune cells (B cells and T cells) which trigger local and systemic
chronic low-grade inflammation, producing more cytokines and
chemokines that serve as a pathologic link between obesity, insulin
resistance, and diabetes [25,28]. Indeed, there is positive association
between VA and pro-inflammatory IL-6, and resistin levels and a
negative correlation between VA and the anti-inflammatory adipokine
adiponectin in subjects with obesity [28-30].

It is of significant interest to identify weight loss interventions
that reduce VA and its endocrine, metabolic, and immunological
functions [3,4,24]. VA contributes to several metabolic outcomes,
including hyperinsulinemia, hyperglycemia, systemic inflammation,
dyslipidemia, hypertension, and non-alcoholic fatty liver disease
[4,5,24,26,31]. In addition, VA is associated with a number of cancers
[32-34]. The ability to significantly reduce VA and body fat in all
participants shows the 20L LC/VLCD-based program reduces factors
associated with developing CVD and metabolic syndrome features,
independent of the presence of type 2 diabetes and /or use of diabetes
medications.

In addition to improvements in VA and total adiposity, we also
observed an increase in ICF levels. This increase in ICF is linked to
a decrease in adiposity, as adipose tissue proportionally contains less
water than most other tissue with the exception of bone. It is also
tempting to speculate whether this increase in ICF also is an indication
of stabilized osmoregulation and reduction of chronic inflammation.
ICF can directly affect cell metabolism and physiological function
and it is considered as a major player in osmotic stress balance that is
integrally tied to both acute and chronic inflammation [35]. Of note,
the amount of intracellular water is directly related to the reduction
of the inflammatory state, while the extracellular fluid to a greater
inflammatory state [36,37]. Changes in fluid osmolarity can contribute
to the initiation and development of both local and systemic
disorders, including diabetes, obesity, and CVD [7,35-38]. A vicious
pro-inflammatory cycle has also been described, where chronic
disease can induce osmotic stress, which in turn leads to further
inflammation and chronic disease [35]. Moreover, diseases such
as T2D or chronic kidney disease that can cause, and be affected
by, changes in fluid osmolarity [39,40] are strongly associated with
pro-inflammation cytokine secretion, including TNF-a, IL-1p, IL-
6, IL-8 and, IL [35,37]. Of importance, both T2D and obesity have
several pro-inflammatory pathways that are reduced following
weight loss intervention [7,10], however more work needs to be
done to establish the relationship between ICF, dysfunctional
osmoregulation and the subsequent inflammation that drives the
pathologies linked to obesity.

Conclusion

In conclusion, this study demonstrates that a safe non-
pharmacologic, non-surgical complementary therapeutic approach
is capable of producing clinically significant improvements in body
composition outcomes (body weight and BMI) and markers associated
physiological function, osmotic stress balance, acute and chronic
inflammation, and morbidity and mortality (body fat, VA & ICF) in all
participants, being equally effective for adults with T2D as it is for those
participants without T2D.
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