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Nutritional consequences of endoluminal gastroplasty in the treatment of
morbidly obese patients

Zdenek Svagera?, Evzen Machytka®, Jitka Machackova®, Martin Blaho®, Adam Vasura®, David Stejskal’, Vincent Huberty",
Marek Buzga®*

Background. The Endoscopic sleeve gastroplasty (ESG) is one of the new advanced restrictive techniques of bariatric
endoscopy. The principle of this bariatric technique is the reduction of stomach volume through endoscopic plication.
The long-term efficacy and metabolic effects of this procedure are the subject of this study.

Methods. 20 patients were enrolled; four men, sixteen women. Then they were followed for 24 months in terms of
glycemic control, body composition, vitamin, and nutritional status. Observed parameters included glucose, triacyl-
glycerols, high- and low-density lipoprotein cholesterol, micro and macro nutrients, fat mass, and lean body mass.
Results. We observed significant weight loss and a decrease body composition resulted from procedure vs. baseline,
with levels of blood glucose also showing statistically significant reductions. The most notable decline in measured
values was observed in period six months after the procedure. No significant changes were observed in measurement
of micronutrients.

Conclusions. Good restriction results were obtained following ESG, which might be mediated via altered glucose
metabolism. The ESG method has shown a positive effect on fat and muscle mass. Unlike surgical methods, there were

no deficits or deficiencies, especially in terms of essential vitamin levels.
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INTRODUCTION

Obesity is currently one of the biggest health problems
in the world, including the whole complex of comorbidi-
ties. Many studies have described the pathophysiological
relationships between overweight and cardiovascular dis-
ease as well as type 2 diabetes and metabolic syndrome"?.
Current treatment options for obesity include lifestyle
therapy, pharmacotherapy, and bariatric surgery’. Surgery
is currently one of the most successful procedures with
which to resolve morbid obesity. Nevertheless, this type of
treatment has had a limited impact on treating epidemic
of obesity as overweight, class I and II obese individu-
als without medical comorbidities are not indicated for
bariatric surgery. Some patients with various degrees of
obesity do not have access to surgical treatment or are
unable to accept a surgical solution due to fear of the
procedure and subsequent complications*.

Although bariatric surgery is very effective, adverse
effects that are not uncommon have been documented.
The development of surgical techniques is also a great
effort to reduce their incidence. Many studies have fo-
cused on postoperative surgical complications, digestive
tract®’, and about nutritional complications of bariatric
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surgery®. With regard to the extent of intervention in the
digestive tract, nutritional complications have been very
well described, especially in malabsorption procedures’,
nevertheless, deficiencies were recently described after
restrictive surgery'®!!. The most frequent deficiencies re-
ported concern iron, calcium, and vitamins B1, B12, and
B9 (ref.!21%),

Complications and some limitations of current bar-
iatric surgery have led in recent years to the develop-
ment of new endoscopic techniques that would be less
aggressive, but would be less risk for patients in terms
of subsequent adverse events. Endoscopic treatment of
obesity has proven to be a method that is more effective
than pharmacological treatment and at the same time
safe, with lower financial costs and better available to
patients than bariatric surgery'. Most of the endoscopic
studies focused on the impact on weight loss, feasibility,
and safeness of these procedures'®!” and on the impact on
diabetes’®, it is quite interesting that there are few works
that deal with the nutritional complications of endoscopic
bariatric surgery.

The aim of the study was to evaluate changes in nu-
tritional status and selected biochemical parameters of
blood of patients after endoscopic treatment of obesity
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in the early postoperative period - the 24 months after
surgery.

MATERIALS AND METHODS

The study was approved by the Ethics Committee
at the Faculty of Medicine, University of Ostrava, in
accordance with the ethical standards of the Helsinki
Declaration of 1975, as amended in 2000. The study
had a prospective, observational, and open-label de-
sign (ClinicalTrials.gov registration: NCT02582229).
A prospective interventional study in patients following
Endoscopic sleeve gastroplasty (ESG) was carried out
between January 2016 and April 2016.

Inclusion criteria included a BMI 35- 40 kg/m? and an
age of 21-64 years, as per IFSO criteria. Exclusion criteria
included a BMI > 40 kg/m?, GI stenosis or obstruction,
previous bariatric surgery, balloon or other endoscopic
obesity-related therapy, gastro-duodenal ulcer, absorption
disorders, and diabetes mellitus.

Endomina procedure

The Endoscopic sleeve gastroplasty (ESG) meth-
od was performed using the Endomina triangulation
platform device (Endo Tools Therapeutics SA - ETT,
Gosselies, Belgium) performed with the patients under
general anesthesia according to the method described by
Huberty et al.’

Body composition measurements

A body composition was assessed in all probands
using the dual-emission X-ray absorptiometry (DXA)
method (Discovery A; Hologic, Waltham, MA, USA).
The following parameters were monitored: fat mass (kg),
fat (%), and lean body mass (LBM; kg). The densitometer
was calibrated according to the manufacturer's recom-
mendations and the precision error was established'.
Height was measured in centimeters and weight in kilo-
grams using a standard scale. The weight was measured
by a weighing machine with a calibration up to a weight
of 250 kg.

Blood tests

Blood draws were performed the morning after an
overnight fast, before the planned procedure, and then
again at visit 6, 12, 18, and 24 months. Blood samples
were processed for analysis within 20 minutes of collec-
tion. Serum concentrations of glucose, triacylglycerols,
total cholesterol, high- and low-density lipoprotein choles-
terol, prealbumin, albumin, total protein, sodium, potassi-
um, chloride, magnesium, calcium, iron and phosphorous
were assessed (AU 5820, Beckman Coulter, Inc., Brea,
CA, USA). Analysis of all parameters showed inter-assay
variation coefficients lower than 5%.

Thyroid stimulating hormone, insulin, folic acid, and
vitamin B12 were determined by Access DxI (Beckman
Coulter, Inc., Brea, CA, USA) with inter-assay CV 4.1,
4.8, 6.1, 6.4%. Intact parathyrin and ferritin were deter-

mined by Centaur (Siemens Healthcare Diagnostics Inc.,
Tarrytown, NY, USA) with CV 4.7, 4.6%. HbA 1c was as-
sessed by Tosoh G8 (Tosoh Corporation, Tokyo, Japan)
with inter-assay CV 1.6%. To reduce analytical variation,
vitamins derived from fat tissue from all patients were
analyzed in the same run (i.e. simultaneously). Blood
samples were stored at —80°C until analysis. Vitamin A, vi-
tamin E, vitamin C, 25(OH)D in plasma were performed
on Agilent 1100 HPLC system with UV/VIS detection
(Agilent Technologies, Inc., CA, USA) using RECIPE kits
(RECIPE, Miinchen, Germany) with inter-assay CV lower
than 5%. Vitamin B1, B2 in whole blood and vitamin B6
in plasma were measured by Hitachi Lachrom HPLC sys-
tem with FLD (Hitachi High-Technologies Corporation,
Tokyo, Japan) using RECIPE kits (RECIPE, Miinchen,
Germany) with inter-assay CV lower than 5%.

Statistical analysis

Data analysis was with basic descriptive statistics (me-
dian, mean, standard deviation, and frequency tables).
On the basis of the Shapiro-Wilk normality test, we com-
pared the parameters by means of the two-sample t-test,
the two-sample Wilcoxon rank-sum (Mann-Whitney) test.
The paired t-test and Wilcoxon rank-sum test were used to
assess parameter changes over time vs. baseline. Statistical
tests were evaluated at the 5% level of significance with
data processed using the SPSS, version 24 (IBM SPSS,
Chicago, IL).

RESULTS

Subject demographics

A total of 20 subjects were enrolled between January
2016 and March 2016 and underwent successful following
Endoscopic sleeve gastroplasty (ESG). The study popula-
tion was 20% male (4 men) and 75% female (16) women,
which had a mean age of 39.1 £ 8.1 years and a mean
baseline BMI of 37.2 + 2.6 kg/m?. All subjects have com-
pleted one-year follow-up clinic visits.

Preoperative micro and macro nutritional parameters

In the week before the operation, venous blood was

Table 1. Absolute values and rates of deficiency in micronutri-
ents in preoperative endoscopic gastric plication (n=20).

Micronutrients [units] Absolute values Deficiency [n (%)]
Vitamin A [umol/L] 23+04 0
Vitamin E [umol/L] 31.4+£6.6 0
25(0OH)D [nmol/L] 38.2+14.7 16 (80)
Vitamin D3 [nmol/L] 53.4+19.6 2 (10)
Vitamin B1 [nmol/L] 154.4 +18.2 0
Vitamin B6 [nmol/L] 47.7+29.5 2 (10)
Vitamin B12 [ng/L] 340.5 £ 131.5 0
Folate [ug/L] 7.46 £ 2.8 0
Vitamin C [umol/L] 47.3 £ 18.6 1(5)
Iron [umol/L] 171+9.5 8 (40)
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Table 2. Anthropometric parameters before and 6, 12, 18, and 24 months after ESG (n=20).
Baseline Postoperative

ID 6 months P 12 months P 18 months P 24 months P
Weight [kg] 1049+119 973+114 0.000 98.9+11.9 0.007 100.8 = 12.5 0.011 101.1 = 10.6 0.035
BMI [kg/m?]  37.2+2.6 345+3.1 0.000 34.8+3.4 0.008 35.5+29 0.044 36.1+3.7 0.147
LBM [kg] 60.5 £9.8 58.5+10.1 0.004 59.1+£9.9 0.083 61.1x11.1 0.463 619+ 13.1 0.746
FAT [kg] 444 +59 38.9+7.2 0.000 40.8+5.4 0.006 40.4+7.4 0.035 41.2+8.9 0.114
FAT [%] 42.5+4.6 40.1£5.9 0.001 39.9+6.3 0.034 399+6.9 0.271 40.1+7.3 0.127

Results are expressed as the mean + standard deviation, and significance is expressed as the difference between the selected month and baseline
measurement. BMI body mass index, LBM lean body mass

Table 3. Nutritional parameters before and 6, 12, 18, and 24 months after ESG (n=20).

Baseline Postoperative
6 month P 12 month P 18 month P 24 month P
Glucose [mmol/L] 5.8+0.8 54+0.7 0.009 56%0.7 0.016 5.7+0.8 0.074 5.7+0.9 0.099
HbAlc [mmol/mol] 37+5.1 36+4.2 0.088 37+41 0.114 38 +3.7 0.641 37+4.3 0.101
Insulin [mU/L] 105.3+£39.6 78.9+371 0.026 88.9+29.2 0.048 1459+875 0.170 132.9+92.1 0.400
TG [mmol/L] 1.6 £0.6 1.4+0.6 0.046 1.5£0.6 0.286 1.5+£0.7 0.449 1.4+0.6 0.229
Cholesterol [mmol/L] 5.3+£09 54+11 0482 5410 0.867 5.6=+1.1 0.931 54+09 0.338
LDL [mmol/L] 3.6+0.8 3.7+£0.9 0.600 3609 0935 3709 0452 3.6+0.8 0.036
HDL[mmol/L] 1.3+£0.2 1.4+0.3 0.336 1.4+£0.3 0.044 1.3+£0.3 0.471 1.3+£0.2 0.476
Albumin [g/L] 429+ 3.1 429+22 0906 43.1+2.6 0076 43.6+27 0.380 43.0+29 0.745
Prealbumin [g/L] 0.3+0.1 0.3£0.1 0840 0.3+£0.0 0.290 0.3+0.1 0.174 0.3+0.1 0.412
Total protein [g/L] 70.6 £ 3.3 709+3.5 0.759 70333 0227 71.6+48 0.356 70.6+4.2 0.655
PTH [pmol/L] 3.7£1.6 32+1.6 0.062 3.5£1.8 0.567 3620 0452 4.7+34 0.002
TSH [mU/L] 2.7+19 1.9+ 1.0 0.009 23+1.6 0.028 19+24 0.517 2.1+0.7 0.016

Results are expressed as the mean + standard deviation, and significance is expressed as the difference between the selected month and baseline
measurement.

Abbreviations: HbA Ic - glycated hemoglobin, TG - triacylglycerols, LDL - low density lipoprotein cholesterol, HDL - high density lipoprotein
cholesterol, PTH - intact parathyrin, TSH - thyroid stimulating hormone.

Table 4. Micronutrient parameters before and 6, 12, 18, and 24 months after ESG (n=20).

Postoperative
6 months P 12 months P 18 months P 24 months P

Baseline

Vitamin B1 [nmol/L] 154.36 + 18.19  145.49 +17.50  0.028 160.47 £26.72  0.001 162.88 +23.84 0.087 167.80 +24.53 0.023
Vitamin B2 [nmol/L] 346.91 £41.87 408.75 £ 50.48 0.001 311.52+41.05 0.001 314.04 £51.58 0.015 307.8 £47.59 0.008
Vitamin B6 [nmol/L]  47.71£29.53  76.59+94.73 0177 47.62+29.92 0272 72.21+5590 0.028 62.62 +39.54 0.154
Vitamin B12 [ng/L]  340.45 £ 131.49 295.75 £ 118.59 0.057 293.3+102.90 0.041 325.67 £ 150.19 0.557 317 £103.17 0.538

Ferritin [ug/L] 105.33£94.75  107.92+99.792 0.654 96.2+93.08 0.297 112.72+96.33 0.37 107.68 £89.70 0.272
Iron [umol/L] 1712 £9.45 1536 £6.99 0499 17.69+9.88 0.407 16.84+8.46 0.766 14.44+5.02 0.270
Folate [pg/L] 7.45 +2.81 773+2.63 0.633 8.05+3.69 0.447 8.8+3.73 0.009 8.25+2.68 0.339

Vitamin C [umol/L] 48.31 + 18.58 61.17 £ 16.35 0.003 52.35+£22.71 0.606 5599+16.72 0.041 56.69 +19.81 0.062
Vitamin A [pmol/L] 2.34+£0.42 227+0.38 0484  2.11+0.38 0.001  2.17+0.56 0.04 2.07+0.42 0.003
25(OH)D [nmol/L] 3824+ 14.65 6022+15.57 0.001 43.44+1644 0.362 51.77+21.70 0.002 35.62+10.76 0.884
Vitamin D3 [nmol/L] 53.44+19.62 84.20+26.30 0.001 64.06+24.84 0.036 67.61 +20.09 0.007 46.18 £ 11.62 0.251

Vitamin E 3136 £6.64  3113+6.84 0759 29.74+583 0131 3073677 0.82  32.61+898 0.053
Potassium [mmol/L]  4.35+0.28 438+026 0720 425+024 0599 4.19+019 0044 4.371+0.38 0.885
Calcium [mmol/L] 2.35+0.08 2.35+0.078 0956 2.37+0.06 0028 241+012 0086 2.38+0.09 0.259

Chloride [mmol/L] 104.7 + 1.55 104.9+2.69  0.729 104.55+2.01 0.345 103.07+1.94 0.011 105.29 +1.43  0.012
Magnesium [mmol/L]  0.80 +0.079 0.84+0.06 0.729 0.82+0.06 0.345 0.82+0.07 0.011 0.85+0.06 0.012
Natrium [mmol/L] 139.25 + 1.94 139.8 £2.23  0.231 139.45+1.82 0.108 139.13+1.24 0.735 140.79 £1.52 0.016
Phosphorus [mmol/L]  1.12+0.18 1.14+0.14 0273  1.09 £0.17 0.104 1.14+0.23 0.802 1.05+0.18 0.187

Results are expressed as the mean + standard deviation, and significance is expressed as the difference between the selected month and baseline
measurement.
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taken to evaluate possible preoperative deficiencies of
micro- and macronutrients. At least one deficiency was
found in 80% of the patients enrolled in the study. An
overview of the incidence of nutritional deficiencies be-
fore surgery are shown in Table 1.

Anthropometry

We demonstrated a statistically significant reduction
in body weight and BMI post-surgery. The most signifi-
cant weight loss was recorded in the first twelve months
after surgery. In the second part of the study, we observed
a slight increase in weight, however, patients maintained
a reduced weight even after 24 months after surgery.
Patients also experienced a statistically significant loss
of body fat. Despite the initial weight and fat loss, no
significant lean body mass was noted except for the six
months post-surgery period. On the contrary, in the fol-
lowing period there was a slight increase in lean body
mass compared to the original value before surgery. The
results of anthropometric measurements are shown in
Table 2.

Postoperative micro and macro nutritional parameters

The results of the nutritional profile are presented in
Table 3. Blood glucose and Insulin levels showed statisti-
cally significant decreases in the 6 and 12-month follow-
ups. Blood glycated hemoglobin levels were changed, but
there were not statistically significant differences. There
were not significant changes in plasma lipids. Statistically
significant changes after surgery (P<0.05) showed thyreo-
tropin and only after 24 months PTH values (P=0.002).
There was a slight increase in prealbumin, but it was not
significant.

Plasma concentrations of both vitamin B and fat-solu-
ble vitamins changed statistically significantly. Vitamin B1
levels increased significantly (P<0.001), while plasma B2
levels decreased significantly (P<0.001) over 12 months.
Serum vitamin B12 concentration would be significantly
reduced (P<0.05). In terms of fat-soluble vitamins, we
have seen fluctuations, especially vitamin D3. Here, due
to seasonal effects, there was an increase and then a de-
cline. However, at 12 months, at the same time of the year,
the level of vitamin D3 after surgery was significantly low-
er (P<0.028) compared to baseline. Similar fluctuations
in levels as in vitamin D3 were reported for 25(OH)D,
however the decrease at 12 months compared to baseline
was significant. The results of the micronutrient profile
are presented in Table 4.

DISCUSSION

The most effective treatment is bariatric and metabolic
surgery, especially in patients with obesity III. degree. On
the other hand, in the case of patients with grade I and
IT obesity, in whom both behavioral and pharmacologi-
cal treatments have failed, there is a gap in other treat-
ment options. There is now a consensus that bariatric
endoscopic methods are an essential part of the treat-
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ment between pharmacological treatment of low-grade
obesity and surgical treatment of patients with high-grade
obesity?*?!. The method of endoscopic sleeve gastroplasty
(ESG) is one of the new methods of bariatric endoscopy
using gastric plications aimed at the primary treatment
of class I and II obesity?>. This study showed that ESG is
an effective procedure for weight loss and improvement
in obesity-related diseases. The weight loss in this study
was comparable as that obtained with similar endoscopic
methods in patients with obesity grades I and II. recently
published??*. As with surgical methods, the question is
not only the impact of endoscopic bariatric methods on
weight reduction, but also the metabolic functions and
nutritional status of patients®.

Glycemic control

Long-term follow-up data showed a significant effect
of ESG on glycemic homeostasis. Decreases in plasma
glucose and other parameters such as HbA1c and insulin
have been observed in other similar studies!®*2¢, The posi-
tive effect of the bariatric method on glucose homeostasis
can be calculated in connection with weight reduction
and decrease in insulin resistance as well as improved tis-
sue response of tissues to insulin?. Kaidar-Person et al.”’
showed that changes in glycemia occur even before signifi-
cant weight loss. In this context, another mechanism and
influence of the role of gastrointestinal hormones such as
ghrelin and YY peptide, which affect the regulatory endo-
crine function of the pancreas and systemic insulin resis-
tance, should be considered. Another important factor is
the diet in the postoperative period, which affects glucose
homeostasis. In this context, it is important to note that
ESG led to less weight loss than surgical methods, on the
other hand, changes in glycemic control were significant.

Nutritional deficiencies

Nutritional deficiencies are systematically and in de-
tail described, especially in surgical methods*?¢. These
deficiencies could potentially reduce the undeniably pos-
itive effects of surgery on patients' health. Despite the
large number of studies describing nutritional complica-
tions in bariatric surgery, complete screening for these de-
ficiencies is not established in routine practice®. Previous
research in BS shows that the incidence of nutrient defi-
cits in obese individuals is higher compared to normal
people?’?8. According to recent data, patients undergoing
bariatric surgery are at risk of both micro-and macronutri-
ents, including vitamins B12, B1, C, folate, vitamins A, D
and K. At the same time, they are at risk of iron, mucus,
zinc, and copper deficiency?”. On the other hand, very
few studies have assessed some nutritional deficiencies
in nonsurgery (endoscopic) bariatric procedures'. To our
knowledge, this study is alone analyzing a broad spectrum
of micronutrients after bariatric endoscopic treatment.

One of the most common deficits causing anemia
after bariatric intervention are vitamin B12 and folate
deficiency?’. Water-soluble vitamin deficiencies are more
common after procedures that induce malabsorption than
purely restrictive procedures®. To activate vitamin B12,
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the acidic environment of the stomach and pepsin is nec-
essary. Subsequently, this vitamin is bound to the intrinsic
factors and absorbed in the terminal ileum. Vitamin B12
uptake after restrictive procedures such as sleeve gastrec-
tomy can become inadequate due to the lower production
of hydrochloride acid which is needed to release bounded
vitamin B12 in food3?. The Endomina method used is
also a restrictive method, but there is no reduction in
the portion of the stomach producing hydrochloride acid
and intrinsic factors. Despite all that, we observed a de-
crease of vitamin B12 in our study. On the other hand,
no patients were in clinical deficiency. This change was
probably due to a change in diet and intake of foods rich
in vitamin B12.

Vitamin B1 deficiency is a concern in bariatric pa-
tients, because it can be responsible for neurological com-
plications such as Wernicke’s encelopathy and periferial
neuropathy®’. These complications have been observed
after a restrictive and malabsorbtion procedures’3¢. In
our study, we did not observe a decrease or deficiency of
thiamine, but there was an increase in thiamine concen-
tration. A similar change in plasma has been observed
in studies that describe changes in the levels of thiamine
after LSG (ref.’*) and after gastric bypass’**°. Severe
thiamine deficiency is a dangerous complication, but
prevalence data show that it is relatively low?.

Vitamin B6 plays a role in amino acid metabolism,
gluconeogenesis, and neurotransmitter synthesis. It is
important to ensure adequate levels**2, In our study, no
patient had a deficiency in serum vitamin B6. Similar data
presents a study of patients after LSG and RYGB (ref.*?).
Contrary, Damms - Machado reported vitamin B6 defi-
ciencies after LSG, which were not shown by others*.

Patients who qualify for obesity surgery present with
vitamin D insufficiency with many patients frankly de-
ficient and some with secondary hyperparathyroidism.
Vitamin D status may then worsen after obesity surgery,
even when supplemental calcium and vitamin D are pre-
scribed*’. The cause of the vitamin D deficiency state
in obesity is not well-understood. It has been proposed
that the low vitamin D status might be due to increased
vitamin a clearance from serum and enhanced storage
of vitamin D by adipose tissue®. Patients enrolled in our
study were at the border of vitamin D deficiency before
entering the study. During the first six months, 25(OH)D
levels increased. However, there was a subsequent decline.
This elevation was probably due to increased sunlight. All
patients were interventioned during the winter and early
spring. Elevated levels were probably due to exposure to
sunlight during the summer. Similar seasonal fluctuations
of 25(OH)D levels in bariatric patients were reported by
Luger*.

The main limitation concerns the relative small num-
ber of patients, secondly, we did not have a comparator
group such as patients after sleeve gastrectomy or gastric
plication, either surgically or endoscopically.
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CONCLUSIONS

In conclusion, to the best of our knowledge, this is
the first study to evaluate the nutritional consequences of
ESG. Although weight loss was modest (it was the start
of our learning curve), an improved glycemic control was
observed as well as a favorable effect on the fat mass/
muscle mass balance after treatment without significant
deficit in vitamin levels. These results suggest that such
treatment might be considered in the setting of metabolic
diseases and therefore deserves further evaluation in a
larger cohort of patients. Micronutrient deficiencies in
the postoperative period after bariatric surgery are com-
mon, particularly in morbid obese individuals compared
to the general population. There have been a relatively
large number of studies describing micronutrient deficits
in surgical publications. Our study is the first to compre-
hensively describe micronutrient deficits in patients after
endoscopic bariatric intervention. In addition, our data
show the need for supplementation not only in bariatric
surgery patients, but also in patients undergoing bariatric
endoscopy.
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