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ABSTRACT

Yazan, B (2019). Effects of Weight Loss Percentage on Vitamin and Mineral Levels
in Patients Undergoing Sleeve Gastrectomy. Yeditepe University, Institute of Health
Science, Department of Nutrition and Dietetics, Master Thesis, Istanbul.

The study was conducted as a retrospective clinical research with 41 obese patients
underwent Laparoscopic Sleeve Gastrectomy (LSG) at Antalya Lara Anatolian Hospital.
Data had been collected for 2 years period (01.01.2016-01.02.2018) were evaluated and
41 people were selected among records. Clinical findings and anthropometric
measurements of patients were evaluated in the postoperative 1st month, 3rd month and
6th month and preoperative period. Data includes biochemical values which are vitamin
D, vitamin B12, folic acid, sodium, potassium, calcium, zinc, magnesium, phosphorus,
iron, uric acid, glucose, hemoglobin Alc (HbAlc), parathyroid hormone (PTH), thyroid-
stimulating hormone (TSH), albumin, total cholesterol, high density lipoprotein (HDL),
low density lipoprotein (LDL), triglyceride and anthropometric measurements which
include weight and height. The aim of this study is to determine the effect of weight loss
percentages on some micronutrient levels in the first 6 months while bariatric patients
were using multivitamin supplementation. Vitamin D, vitamin B12, folic acid, sodium,
potassium, calcium, phosphorus, iron and magnesium mean values increased compared
to preoperative measurements. Only zinc values linearly decreased but the mean values
were not measured as a deficiency in any month. The weight loss percentages were
calculated, and the percentages were achieved expectedly when evaluated according to
the literature. These weight loss percentages were respectively; 11.80%, 22.67%, 31.24%.
When all data was evaluated, the correlation analysis results indicated that the difference
in weight loss percentage in patients was not related to the change in micronutrient values

except folic acid.

Keywords: obesity, sleeve gastrectomy, micronutrient deficiency, weight loss, nutrition
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OZET

Yazan, B (2019). Sleeve Gastrektomi Geg¢iren Hastalarda Kilo Kaybi Yiizdesinin
Vitamin ve Mineral Seviyelerinin Degisimine Etkisi. Yeditepe Universitesi, Saghk
Bilimleri Enstitiisii, Beslenme ve Diyetetik Boliimii, Master Tezi. istanbul.

Bu calisma, retrospektif klinik arastirma olarak Antalya Lara Anadolu Hastanesi'nde
Laparoskopik Sleeve Gastrektomi (LSG) ameliyati gecirmis olan 41 obez hasta ile
gerceklestirildi. 01.01.2016 - 01.02.2018 tarihleri arasinda 2 yil boyunca kaydedilmis
olan veriler degerlendirilerek uygun kayitlardan seginlen 41 kisi ¢calismaya dahil edildi.
Klinik bulgular ve hastalarin antropometrik 6l¢iimleri postoperatif 1. ay, 3. ay ve 6. ayda
ve preoperatif donemde degerlendirildi. Preoperatif 6l¢iim genellikle ameliyattan 1 giin
once yapildi. Veriler, D vitamini, B12 vitamini, folik asit, sodyum, potasyum, kalsiyum,
¢inko, magnezyum, fosfor, demir; ek olarak iirik asit, glukoz, hemoglobin Alc (HbAlc),
paratiroid hormonu (PTH), tiroid uyarict hormon (TSH), alblimin, toplam kolesterol,
yiiksek yogunluklu lipoprotein (HDL), diisiik yogunluklu lipoprotein (LDL), trigliserit
biyokimyasal degerlerini ve antropometrik dl¢iimlerden boy ve kilo degerlerini igerir. Bu
¢alismanin amaci, multivitamin takviyesi kullanan bariatrik hastalarda ilk 6 ayda kilo
kayb1 degisim yiizdelerinin baz1 mikro besin diizeylerine etkisini belirlemektir. Yapilan
degerlendirmelere goére; D vitamini, B12 vitamini, folik asit, sodyum, potasyum,
kalsiyum, fosfor, demir ve magnezyum degerleri preoperatif 6l¢climlere gore artt1. Sadece
cinko degerleri azald1 ancak ortalama degerler higbir ayda eksiklik olarak ol¢iilmedi. D
vitamini ortalama degeri preoperatif dl¢glimde yetersizlik sinifindaydi ancak postoperatif
Ol¢iimlerde ortalama degerler optimal seviyelere ulasti. Kilo kayb1 yiizdeleri ameliyat
sonrasi 1. ay, 3. ay ve 6. aylarda hesaplandi. Bu kilo kayip ytlizdeleri sirasiyla; 11.80%,
22.67%, 31.24% idi. Tim veriler degerlendirildiginde korelasyon analizi sonuglari,
hastalarda kilo kayb1 yiizdesinin, folik asit disindaki diger mikro besin degerlerinde
meydana gelen degisiklikler ile iligkili olmadigini gostermistir. Folik asit degisimi ve kilo
kayb iligkisi ameliyat oncesi ve ameliyat sonrasi 1. ay 6lglimleri araliginda istatistiksel

olarak (p<0.05) anlamli bulunmustur.

Anahtar Kelimeler: obezite, sleeve gastrektomi, mikro besin eksiklikleri, kilo kaybi,

beslenme

Xiv



1.INTRODUCTION

Obesity is a chronic disease related to increased body mass by many causes. The
prevalence has increased rapidly in the past 30 years (1). Worldwide estimates (2)
declared that there are over 500 million obese people greater than the age of 18 years.
Therefore, research on treatment methods related to obesity has gained importance.

Treatment of obesity is not an easy process. The treatments have demonstrated
limited efficacy with a diet, exercise, behavioral change, medical treatment,
pharmacotherapy to weight control for long. With these treatment methods, loss of 5-10%
of initial body weight is observed (3-5). When all treatment methods were evaluated,
obesity treatment required a multidisciplinary approach.

There are different types of bariatric surgery and all types make an alteration of
the digestive system. All interventions cause either a restrictive, malabsorptive or both
effects (6-10).

It is thought that bariatric surgery may increase existing deficiencies or lead to a
decrease in normal micronutrient levels. (11). Laparoscopic Sleeve Gastrectomy (LSG)
Is a restrictive surgical method in which a curved portion of the stomach is resected, and
a tube shape stomach remains. (12). LSG reduces food intake with many factors and thus
changes the body weight (13). While some studies argue that there will be no malnutrition

development in this process, there are also conflicting studies (14, 16).

1.1 Obesity

Based on the general opinion if the daily energy intake is higher than the daily
energy consumption, this energy is stored in the body as adipose tissue, and the chronic
progression of this condition causes obesity (17). Obesity has been defined as a disease
that is associated with the high adipose tissue to non-fat body mass ratio. Adipose tissue
increased compared to other tissues (18).

There are many factors such as environmental, hormonal, genetic, sociocultural
and behavioral factors that cause obesity. (19-21). Obesity brings with it very risky
situations; it has been correlated with an increased hazard ratio for mortality (22).

Metabolic, physiological and psychosocial results of obesity have a significant
relationship with health problems, including hypertension, coronary artery disease,

diabetes, dyslipidemia, cancer, sleep apnea, and osteoarthritis (23).



1.2 Clinical Evaluation of Obese and Overweight Patients
1.2.1 Anthropometric Evaluation

Body mass index (BMI) is a criterion for the definition of weight classification in
adults. BMI is described as a person's weight in kilograms (kg) divided by the square of
his or her height in meters (kg/m?).

World Health Organization (WHO) describes overweight and obesity for adults
as follows: Class of overweight BMI is greater than or equal to 25 kg/m?, and class of
obesity BMI is greater than or equal to 30 kg/m?.

WHO international obesity classification based on BMI. Details are shown in
Table 1.1 (25)

Table 1.1 Classification of BMI (kg/m?)

Nutritional Status BMI kg/m’
Underweight <18.5
Normal weight 185-249
Pre-obesity 250-299
Obesity =30.0
Obesity class I 30.0-349
Obesity class IT 350-399
Obesity class ITT =40.0

The body fat amount and body composition are correlated with the risk of
overweight and obesity too.

In addition to BMI, Triceps skinfold measurement is also used to determine
obesity. Female with greater than 30 mm and male with greater than 23 mm are
considered overweight according to this method (18).

Another measurement associated with obesity is waist circumference. If the waist
circumference greater than 80 cm for female and greater than 94 cm for male that
measurements are correlated to obesity (18). It should be measured at the level of the iliac
crest.

And the other measurement is the waist-hip ratio. If this ratio of greater than 0.85
in female and greater than 0.9 in male and also correlates with increased cardiovascular
risk (26)



There is another classification based on the excess body fat and where it is stored
in the body. There are two different body types. If excess body fat is stored on the lower
part of the body, it is called Gynoid Type. People with gynoid type have a small bust,
narrow shoulders, and waist, large hips and thighs. If excess body fat is stored on the
upper part of the body, it is called Android Type. People with android type have a large
chest, extensive abdomen, and slim legs.

Linking obesity to cardiometabolic risk, body fat distribution and waist
circumference is more important than measuring percentage body fat or BMI alone.
People who accumulate visceral fat and have higher waist circumference (metabolic
obesity) are under a clinically important risk for metabolic disorders than have with the

same BMI or the same percentage of body fat but a lower waist circumference (27).

Table 1.2 Classification of Overweight and Obesity by BMI and Waist Circumference
(28)

BMI Waist
o BMI (kg/m?) Comorbidity Waist Circumference® and
Classification Rizk Comorbidity Risk

Male < 102 cm Male = 102 cm
Female = &8 cm Female = &8 cm

Under weight <185 Low but other

problems
Normal weight  18.5-24.9 Average
Overweight 25-299 Increased Increased High
Obese class I i0—349 Moderate High Very high
Obese class II 35-399 Severe Very hich Very hich
ObeseclassIIT =40 Very severe Extremely higch  Extremely high

BMI = body mass index *An increased waist circumference may show increased disease risk even at a normal weight.

A study including a recent international research data of about 4 million
individuals from 189 studies has shown that a BMI value above 25 kg/m? is correlated

with increased mortality rate. It has risk of chronic diseases as well (29).

1.2.2 Biochemical Evaluation and Patient History

In addition to anthropometric measurements, some assessments are required for
the correct approach to patients.

Biochemical assessment and patients’ history are necessary to determine the

general nutritional status and comorbidities of the patient. Also determine to the severity



of the comorbidity. According to this information, the scope of the treatment to be applied
can be evaluated.

The most important biochemical tests used to determine general nutritional status
are: Hemoglobin, Hematocrit, Aloumin, Blood Glucose and Glycosylated Hemoglobin.

Tests related to liver and lipid profile the criteria are we can have information
about Cardiovascular risk and liver fatigue (hepatosteatosis). The most commonly used
values for the detection of hepatosteatosis are gamma-glutamyl transpeptidase (GGT)
aspartate aminotransferase (AST) alanine aminotransferase (ALT) tests. Lipid profile
should be evaluated: total cholesterol, triglyceride, low density lipoprotein (LDL), high
density lipoprotein (HDL).

When combined with anthropometric data, biochemical information and patient
history, a health risk profile can be established for the patient.

Clinical examination should include the physical examination and health history.
The following information (30) should be obtained in the assessment to be applied to the
obese patient:

-Story about the patient’s weight

- Dietary habits

-Activity

The aim is to support the care of patients and to provide a scientific angle to

management that improves health outcomes.

1.3 Obesity Epidemiology

The global prevalence of obesity almost tripled between 1975 and 2016. While
overweight and obesity were previously considered the problem of high-income
countries, they are increasing in middle and low-income countries recently (24).

Adults aged >18 years who are obese %23 Male, %22,9 Female in Turkey
according to World Health Statistic 2015 values. The data of the Ministry of Health
(Turkey) Nutrition Research and “Turkey Diabetes, Hypertension, Obesity and
Endocrinology Diseases Prevalence Study-1I" (TURDEP-11) showed that two out of three
adults are overweight and obese in Turkey (31).
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Figure 1.1 Exchange of BMI Groups in Turkish People

2018-2023 updated information about Turkey Healthy Eating and Active Life
Program (32) was presented in the workshop; in the STEPS 2017 study conducted with
WHO, the incidence of obesity was 32% for adults. In the studies conducted primary
school children in 2016, obesity rate 9.9% and overweight rate 14.6% were observed.
Obesity is 12.4%; excess weight is determined as 21% in children aged 10-15 years.
(STEP: STEPwise Approach for Surveillance, STEPwise Approach: WHO Chronic
Disease Surveillance Approach)

According to Global Health Observatory (GHO) data (33) the prevalence of
overweight and obesity were lowest in South East Asia, obesity range is %3; highest in
the Americas, obesity range is 26%. In these 3 regions have over 50% of female were

overweight. Probably the obesity range was greater in female than male in all regions.

% overweight (BMI 25+), ages 20+, age std

AFR AMR EMR EUR SEAR WPR Low Lower Upper Hgh
income middie middle income
income Income

® Men B'Women m Both Sexes

Figure 1.2 Global Health Observatory (GHO) Data Points for Overweight People

Global age-standardized mean BMI in male increased from 217 kg/m? to 24-2
kg/m?, and in female from 22.1 kg/m? to 24.4 kg/m? in among 1975 to in 2014. The largest

increase in male’s mean BMI was performed in high-income English-speaking countries
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and in female's in mean BMI Latin America. The increments in the BMI are superficially

given in Figure 1.3 (34).
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Figure 1.3 Age-standardized mean BMI in female by country in 1975 and 2014
(34)

In the United States of America (USA) and Canada, generally defined as waist
circumference larger than 102 cm in male and larger than 88 cm in female (35). In people
of Asian descent, defined (36) as waist circumference of 85 cm or more in male and 80
cm or more in female (74 cm or more in female according to some references). Table 1.3

shows the details of an earlier reference (37) which is from 2009.



Table 1.3 Waist Circumference Based on Population

Population Crganization Male Female
Europd IDF =04 em = B0 em

Caucazian WHO = 94 om (T rizk) = B0 em (T msk)

= 102 em (TT nek) = BB cm (1T risk)
US4 AHANHILEI (ATP IIT) =102 cm =83 cm
Canada Health Canada = 102 cm =83cm
Buropean European Cardiovasc. =102 cm =83 em

Sociefies
Azian (melodmg IDF =90 m = &0 em
Japanese
Asian WEHO =90 em = 80 cm
Japanese Jzpanese Obazity =85 em =90 em
Society
China Cooperatrva Tazk =Biem = B0 em
Force
hiiddle East IDF =94 em = 80 cm
Medifterranean
Sub-2zharan African IDF =0 m = 80 em
Ethnie Cantral and IDF =90 m = 80 cm
South Ameancan
AHA: American Heart Association; ATP Ill: Adult Treatments Panel Ill; IDF: International Diabetes Federation;

WHO: World Health Organization (37)

Noncommunicable Disease Risk Factor Cooperation (NCD RisC) (34-38)
investigated regional changes in obesity prevalence. According to the results of this
research, the regions that prevalence of obesity is greater than 25% are high-income
Western countries; Central and Eastern Europe; Central Asia, Middle East, and North
Africa; Latin America and the Caribbean; and Oceania in 2016. The regions that
prevalence of obesity is lower than 10% are East and South East Asia, high-income Asia
Pacific, South Asia, and Sub-Saharan Africa in 2016.

The prevalence of overweight is highest in people with under than high school

education. (1).



1.4 Causes of Obesity

Obesity is a heterogeneous chronic disease characterized by genetic,
environmental, hormonal, sociocultural and behavioral factors that increase the fat mass
in the body.

According to basic opinions, the most important reason for obesity is the
imbalance between energy intake and consumption. There is a positive correlation
between high-fat food consumption and obesity. Furthermore, the high rate of simple
carbohydrates consumption causes weight gain by converting excess energy into fat in
the body (18).

With the worldwide development, access to food has been facilitated but with the
increase in population, the production of high-energy and low-priced foods has started.

Increasing levels of industrialization and welfare, has been limited the physical
activity of people. The daily physical activity helps to keep the body weight at the
required level. Increasing levels of industrialization and welfare limit the physical activity
of people.

When all other conditions are the same, physically active people consume more
calories than sedentary people and they do not gain weight (39-43). On the other hand,
sedentary people gain weight, although they usually intake less calories than physically
active people (40,41,44,45).

2018-2023 updated information about Turkey Healthy Eating and Active Life
Program (32) was presented in the workshop; in the STEPS 2017 study conducted with
WHO, insufficient physical activity was found in 43.3% of individuals aged 15 years and
older.

More energy intake than the daily energy requirement is important in the
development of obesity. But it is not correct to assume that overeating is the only cause
of obesity. There are many different and complicated causes.

Also, obesity can be thought to be related to polygenic genetic factors. Study (46)
with adopted children have shown that they have related BMIs to their biologic parents
but not related their adoptive parents. Different researches with twins also proved a there
is a genetic effect on BMI. As mentioned above, some disorders related to endocrine

problems and some medications can be indirect causes of obesity.
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Figure 1.4 Risks and factors affecting of obesity (47,48)

Evidence of studies has shown that higher obesity rates among groups with lower
socioeconomic status may be the result of higher exposure to environments where there
are barriers to access to healthy food and fewer opportunities to participate in physical
activity (49).

In the development of obesity, intrauterine and postnatal periods are also
important. In studies conducted, it is reported that the incidence of obesity is lower in
children fed with breast milk than in children who are not breastfed and also being
reported that the duration of breastfeeding and the type, amount, time of initiation of
complementary nutrients affects obesity (47,50).

Besides the above information, considering that many environmental factors

change gene expression, the cause of obesity may not due to only a single factor.

1.5 Treatment Methods in Obesity
1.5.1 Reduced Caloric Intake and Lifestyle Intervention

Excess body fat is energy store for the body. This energy storage can be consumed
by limiting the energy taken by food and increasing physical activity. The most important
point in preventing obesity is to make a diet suitable for energy balance. This diet method



should be considered as a lifestyle. Diet and exercise are the preferred safe methods for
weight control and loss weight.

It should be aimed to reduce the body weight to the level of the body height (BMI
= 18.5 - 24.9 kg / m?). The planned diet to help to make a shortfall of 500 to 1,000
kilocalorie (kcal) daily is part of a program that aims to lose 1-2 pounds per week (51).

The recommended best practice is to maintain health status along with optimal
weight loss. For this, 5-15% weight loss can be targeted for 6 months (52, 53). For those
with a higher BMI, the weight loss goal may change (20% weight loss for BMI 35 kg /
m?) (54).

In some cases, low-calorie diets (LCDs) and very low-calorie diets (VLCDs) can
be used. LCDs have an energy 800-1,200 kcal/day. VLCDs give less than 800 kcal/day
and only can be used under the supervision of an obesity specialist or nutritionist. (54-57)

Treatment of behavioral change in the control of body weight aims to positively
change or decrease the negative behaviors related to nutrition and physical activity which
cause excess weight gain. (48).

Steps of behavior change treatment (55,58):

e Self-monitoring

e Stimulus control

e Alternative behavior development
e Consolidation, self-awarding

e Cognitive restructuring

e Social support

Lifestyle interventions and pharmacotherapy together commonly result in modest
weight loss of 5-10%: studies reveal a decrease of almost 2.5 kg at 24 months for diet
and exercise (59). After the diet period, one-third to two-thirds of dieters thereafter regain
weight (60).

When diet, exercise and behavior therapy were applied together, weight loss and
metabolic syndrome were significantly improved. (59).

1.5.2 Physical Activity

Physical activity is one of the effective ways of achieving and maintaining weight

loss. In a study (61), the exercise details of obese patients were investigated to fat
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oxidation for weight loss and the exercises with a maximum capacity of 65% oxygen (O2)
for more than 30 minutes showed optimal efficiency.

In studies, it has been reported that exercise prevents and treats both obesity and
obesity related complications (62).

An exercise session is intended to consume 300 kcal for adults and 250 kcal for
children (63). Other daily activities of exercise also provide additional energy

consumption. Persons must be active outside the sport during the day.

Table 1.4 Calorie values spent during daily activities per hour (64)

Caloriesz Burned per Hour

Activity 0-50 keal | 50-100 keal | 100-200 keal

Cleaning X
Cooking X
Ironing X
Vacuuming

Climbing stairs

Walking (strolling pace)

A

Walking (briskly)
Driving automobile X
Gardening
Bicycling
Playing tenmnis X
Playing the musical instrument X
Swimming X

Watching TV X

1.5.3 Pharmacotherapy

In obesity treatment, drugs are used in cases where exercise and low-calorie diets
are insufficient. For patients, the most appropriate weight loss medication should be
selected by clinicians. During the selection of the drug, details such as the effects, side
effects of the drug, weight-related complications of the patients are examined (36).
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Sympathomimetic anorectics: amphetamine, phentermine, diethylpropion and
phenylpropanolamine. These sympathomimetic agents are releasing noradrenaline and
dopamine. The increase in noradrenaline release results in the inhibition of appetite.
Rimonabant blocks cannabinoid receptors (CB1). These receptors cause more eating of
fatty and sugary foods. Rimonabant is a CB1 antagonist. In this wise, it prevents the
consumption of some foods (65).

Sibutramine acts as a norepinephrine, serotonin and dopamine reuptake inhibitor
in nerve endings (66). It is suggested that sibutramine acts by increasing the feeling of
saturation while eating (67,68).

Major function of gastric and pancreatic lipases enzymes is digesting fat from the
food intake. Orlistat is an inhibitor of these enzymes (69). Orlistat is helping progress of

treatment of obesity-related disease as well (70-72).
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Table 1.5 Properties and Effects of Slimming Drugs

Active Expected
;anpnnent Trading Name %Te_;gell Side Effects of the Medicine
‘elght Loss
Appetite Suppressants
g’:li‘?’u:f’jl?m Hsadache, insonnia, dizziness, ansiety,
Fantermine CObermin le i 16ke * writability, increased heartheat and
e, Ubestin, Ske blood pressure
Phentamme, Phentnide,
T-Dhat, Zanfryl
Distilproprion | Temuate, Tepamil, kg *
ludroklond Tenuate. Dospan
Increasad heartheat and blood pressure,
] . . ] At least %65 of increased heart attack and risk of stoke
Sibutramm hlenidha, Beductil EEWL (Prohibited by FDA)
Rimonaband | Zimult, A li Unapproved in | Diepression, areasty, agitation, slesp
- the US4 digturbances and suicide attempted
Fat Absorption Inhibitovs
Flatulence, abdonunal distention, rectal
discharge, facal jamnung, oily stool,
Orlistat Hameal Ekgperyear ¥ | meed vitamm supplements to prevent

deficiency of fat-soluble vitarmins.

Fluoksetin

Drugs that are not used for werght loss directly but cause weight loss
Prozac

Broad spectrum

Lack of enarsv, headache prostration,
insommia, nanseation, diarhea dryness

. There ara of the mowuth ancciety, ssxmal
Sertralin Zolodt limmited studias disfimction
Bupropion Wellbutrin; Zvban 4kg* Inzomma, dryness of the mouth
. I %o6.5 of mhal Prostration, nmtakality, attention defiext
Tep TOPAMAX walght disordar, confiuzion, depression,
Topisamide %ob of mital anorexia, arcaety, mood problems,
waight changes of tasie sensahion
Orhver the Counter Dugs
Orlistat All %5 of mihal Vitamin supplementation 15 required
| (low dose’ wraisht

USA: United States of America, EBWL: Excess Body Weight Loss, FDA: U.S. Food and Drug Administration

Although the time to maintain weight loss is higher for drug users, weight regain
is usually achieved when drug intake is discontinued (73). It has been determined that
short-term treatment with medication has not had long-term effects on health

development (36).

1.5.4 Surgical Treatment
In recent years, bariatric surgery has become the gold standard treatment for
morbid obesity. It showed better results compared to other clinical treatments (74)
Bariatric surgery can be a quite efficient method of weight loss for obese people.
The weight loss range (75) is 12% to 39% of presurgical body weight or 40-71% EBWL
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(excess body weight loss). There are two main approaches for surgical treatment of
obesity which are restrictive and malabsorptive.

Restrictive methods are aimed at reducing the volume of stomach consumed by
reducing the amount of food consumed and causing weight loss. In malabsorptive
methods, it is aimed to decrease the calories taken by limiting the nutrients absorbed into
the body and to provide the feeling of satiety early by changing the anatomy of the
intestines. (76).

The four common surgical procedures are adjustable gastric banding (AGB), SG,
biliopancreatic diversion with duodenal switch (BPD+DS), and conventional Roux-en-Y
(RYGB) gastric bypass (77).

Malabsorptive procedures, including (78):

-RYGB (also has a restrictive component)
-BPD+DS

e Restrictive procedures, including:
- AGB
-SG

§
- pouch . gastrojejual - .\
,_‘_-‘h. anastomosis .
e -
- i .‘. 4 gastric gantric
( | 4 remnant/ sleeve '\
Ly ! < - 4 Y
E SRS %
- 4 alimentary imb alimentary limb - ‘,’ ’
o R W == P 7

'billopancreatic
kmb

jejuno-jejunal
anastomosis ./~

excised and
ramoved stomach

Figure 1.5 Bariatric surgery methods procedures.
(A) Roux-en-Y gastric bypass. (B) Biliopancreatic diversion with duodenal switch. (C) Adjustable
gastric banding. (D) Sleeve gastrectomy.
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Table 1.6 Comparison of Bariatric Surgery Methods (78)

invasive

1

hormonal changes

Procedure

AGB SG RYGB BPD + DS
Mechanism of | Restrictive Restrictive, Restrictive, / Malabsorptive
Action Metabolic Malabsorptive
Weight Loss 1st year 40-50% | 1st year 60-67% 1st year 70% 1st year 75%

5th year 30-50% | 5th year 53-65% 5th year 60% 5th year 70-90%
Advantages - Easily - Safe and simple | -Also, weight loss | -Maximum weight

applicable, less | -Ghrelin { GLP-1 | by causing loss

- Best metabolic

obstruction

technique -Dimi.nishing — Ghrelin |, GLP- | results
- Does not angtt?)ylorus 1HviZkT?/(v:3(i;ht loss
require stomach -Dumping -Good metabolic
and bQWG' syndrome is not result
resection observed - Available long-
-Low risk of - Less vitamin and | term data
malnutrition mineral deficiency | -Reversible
-Reversible -Low malnutrition

risk

-Suitable for

severe obese and

Crohn's disease

Disadvantages | -Band - Limited long- -Complicated and | - High risk of

complications term data (> 5-10 | difficult technical malnutrition
frequently (slip, years) - Leaks from the High risk of
perforation, port | - Leaks from the stapler deficiency in fat-
dissociation) gate line -Stoma obstruction | soluble vitamins
-Esophageal -Irreversible -Dumping -Protein deficiency
spasm syndrome high
Gastroesophageal -Vitamin and - Risk of chronic
reflux mineral deficiency | diarrhea and wind
-Port infection more frequently - Irreversible but
-Stoma can be modified

1.6 Sleeve Gastrectomy

In the past, SG has been used as the first step operation, for patients with very high
BMI (> 60 kg / m?), to reduce excess weight before more difficult and complex operations
such as biliopancreatic diversion and gastric bypass (78). However, it was started to be
performed as a primary surgery only after it was observed that it had high efficacy.

SG is a type of partial gastrectomy operation that removes the most curvature part
of the stomach, thus giving a tube shape to the stomach (79). American Society for
Metabolic and Bariatric Surgery (ASMBS) (80) recommends that approximately 80
percent of the stomach is removed, and the remaining stomach size is 150-200 m*(81) in
this procedure.

LSG is performed to provide weight loss by restricting the food capacity of the

stomach and early stomach filling (15). Besides physiological pathways were not as
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simple as thought. LSG may change appetite and body weight by multiple mechanisms
including the decrease in the secretion of the peptide ghrelin and the activation of
receptors caused by the increase bile acids concentration (10, 13). Ghrelin hormone
involved in appetite stimulation produced in the gastric fundus, is reduced after LSG. (82)

In a study conducted by Lazzati et al. (83) found a 66% loss of excess weight,
comparable to the general population for two years. In vertical SG which is the most
common procedure, perioperative mortality range was similar to the general population.

Boza et al. (84) indicated that LSG is a secure and useful surgical technique for

morbid obesity as a stand-alone method.

1.7 Nutritional Deficiencies After Bariatric Surgery

Deficiencies in micronutrients after bariatric interventions are a known risk if not
properly managed (15,85,86).

LSG does not bypass the intestine like other more invasive procedures, it has been
estimated to affect micronutrient levels minimally (87). But during the procedure, the area
that secretes important enzymes and co-factors for nutrient absorption is removed; for
this reason, micronutrient-related malabsorption could occur (88). And the rapid passage
of nutrients from the stomach can make it difficult to absorb in the stomach after LSG
(81). The most common nutritional deficiencies after bariatric surgery are vitamin B12,
iron, folate, calcium, and vitamin D (89,90).

Daily requirements must be known to control nutrient deficiencies. According to
Dietary Guidelines for Americans the recommendation daily allowance of micronutrients
that we researched; 2.4 pg for vitamin B12, 600 International Unit (1U) for vitamin D,
400 pg for folate, 2,300 mg (upper tolerable intake level) for sodium, 4.7 mg (adequate
intake) for potassium, among 1,000-1,200 mg for calcium, among 8-11 mg for zinc,
among 310-420 mg for magnesium, 700 mg for phosphorus, among 8-11 mg for iron
level (91).

Vitamin B12 deficiency can occur due to food intolerances or restricted intake of
protein and vitamin B12 containing foods. J. Parrott et al. suggested the required daily
micronutrient supplementation doses to prevent micronutrient deficiency after LSG
surgery. The recommendations were: 350-500 pg for vitamin B12 by orally, 400-800 ng
oral for folic acid, 3000 IU until blood levels of 25-Hydroxy Vitamin D (D25(OH)D)

(25(OH)D is used biochemical analysis of vitamin D) are greater than sufficient (30
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ng/mL) for vitamin D, 1200-1500 mg/d for calcium, 8-11 mg/d for zinc, 45-60 mg of
elemental iron (92).

There are many studies defend that LSG is the most preferred and safer when
complication development process and nutrient absorption are evaluated according to
procedures that more invasive and intestinal anatomic revision but also there are
inconsistent findings on the consideration that deficiency problem should not be a occur
in SG (14, 78, 84). In this direction, the aim of this study is to determine the changes in

vitamin and mineral values according to weight loss percentages after LSG.
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2.MATERYAL METHOD

2.1 Ethical Approval

Ethical approval for the study was granted on 27.06.2018 by Akdeniz University
Clinical Human Studies Ethics committee. Ethic committee code is 2012-KAEK-20 and
decision number is 458. (Appendix 1)

2.2 Study Design

In this study, which is a retrospective data analysis, weight loss percentages and
some biochemistry values of patients with LSG at the Lara Anadolu Hospital in Antalya
was determined. The effects of weight loss percentages on changing some vitamin and
mineral values were investigated.

Blood tests and body mass index measurements were performed from the pre-
operative period and post-operative first (1st), third (3rd) and sixth (6th) months.
Preoperative measurement was usually performed 1 day before surgery. Data which was
evaluated in this study, was collected from 41 patients between 15.01.2016 and
01.02.2018.

The percentage of weight loss was calculated by dividing the total loss of weight
of the patients in the 1st, 3rd and 6th months by their initial weight and multiplying by
100.

Weight loss percent for 1st Month: (Weight loss value in the 1st month + Initial
weight) x100

The evaluated blood test parameters include vitamin D, B12, folic acid, sodium,
potassium, calcium, zinc, magnesium, phosphorus, iron and uric acid, glucose,
hemoglobin Alc (HbAlc), parathyroid hormone (PTH), thyroid stimulating hormone
TSH), albumin, total cholesterol, HDL, LDL, triglyceride values, in addition to these
vitamins and minerals, were also examined. The percentage of postoperative weight loss
and changes in these biochemical parameters were evaluated retrospectively.

The deficiencies detected in the tests were examined and the necessary treatments
were applied. In cases of vitamin B deficiency Apikobal® tablet (Santa Farma, Turkey),
vitamin D deficiency Devit-3® ampules (Deva Holding, Turkey), magnesium deficiency

Magnorm® tablets (Vitalis, Turkey), iron deficiency Ferro Sanol® capsule (Adeka,
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Turkey), zinc deficiency Zinco® capsule (Berko, Turkey), folic acid deficiency Folbiol®
tablets (I.E. Ulagay, Turkey), calcium deficiency Calcimax-D3® effervescent tablet
(Basel, Turkey), B12 deficiency Dodex® ampul (Deva Holding, Turkey) was used.

Table 2.1 Reference Ranges of Biochemical Parameters

BIOCHEMICAL PARAMETERS REFERENCE RANGE
Vitzmin D2 3-0H (og/ml)

Deficiency <20

Insufficiency  20-29

Optmal ~ 30-100

Vitzmin B12 (pg/el) 187-833
Faolic Acid (ng/ml) 31-203
Sodium {meolT) 136-145
Potazaium (rmal) 3531
Caleium (mme/dl) B4-102
Zme (pzOL) 70-130
Magmesium (mgdl 1.§-2.6
Phorphorus (mg/dl) 2347
Tron (ug/DL) 50-17d
Glucose (fasting) (maz/dl) 0-113
Hhalcz (%) 4-4
Albumin (g/dl) 333
Uric Acid {mg/dl) 2471
Totzl Chalesterol {mg/dl) 0-200
HDL (mgdl) 3375
LDOL (mg/dl) fid-140
Trighycende (mg/dl) 0-150
PTH (pg/ml) 10-85
TSH (ulll'ml) 033404

7-step nutrition training was given to patients who had underwent LSG operation.

Nutritional supplement and stomach preservation were applied to each patient in the same
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order. Protein supplement was given 60-80 g daily at least for 2 months after the
operation. Protifar® 225 g (Nutricia, Netherlands) was used as a protein supplement.

Pharmaton® Multivitamin (Sanofi, Sweden) and Polivit Syrup® (Abdi ibrahim,
Turkey) were used as nutritional supplements. Pharmaton was used after surgery at least
for 1 year and 1 capsule per day. Polivit Syrup was used after surgery at least for 1 month
and 3 scales per day.

Polivit syrup contains (94) 450 ug vitamin A, 1 mg of vitamin B1, 1.2 mg of B2
vitamin, 2 mg of vitamin B6, 25 mg of vitamin C, 400 IU (10 pg) of vitamin D3 and 5
mg of vitamin E in 1 scale (5 ml). In this study patients used 3 scales of Polivit Syrup for
the 1st month. Details, for 3 scale, are shown in Table 2.2.

Table 2.2 Vitamin Components of Polivit Syrup for 3 scales (94)

Vitamins 3 scales (15 ml)
amount

Vitamin A 4500 TU= 1350 pg

Vitamin B1 3 mg

Vitamin B2 3.6 mg

Vitamin B6 6 mg

Vitamin C 75 mg

Vitamin D3 1200 IU= 30 pg

Vitamin E 15 mg

Department of Nutrition and Dietetics in Hacettepe University has determined the
daily reliable recommended vitamins, mineral intake levels for Turkey in 2015 (93). In
this direction, we calculated the daily percentage of vitamin, mineral provided by Polivit
Syrup and Pharmaton Capsule according to age ranges and sex. A daily basis with 1 scale
of Polivit syrup supplies vitamin A in female 64%, 50% in male; Vitamin B1 was 91%
in females and 83% in males; Vitamin B2 is 100% for female and 92% for male; Vitamin
B6 in female and male 100%; Vitamin C in female and male in 28%; Vitamin D3 in
female and male 100%; Vitamin E in female and male by 33%. Details are shown

according to 3 scales in Table 2.3.
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Table 2.3 The Percentage of Vitamins Supplied for The Daily Requirements of Turkey

with 3 scales of Polivit Syrup

The Daily Requirements of Turkey (53) Supplied Percentages
{with 3 zcalez)

Gender Female Male Female Male

Age 18-30 31-50 31-63 1230 | 31-30 3165 193151193131
30|30 )63 30 | 50| 63

Vitamin | 7®Wug | 70z | TWug | ¥0pz | F00pz | H0us | FO[F [ F | F | F | R

A

Vitamin | 11mg | 11mg | 11mg | 12mg | 12mg | 12mg | * |* == # #

El

Vitamin | 10mg | 1lmg | 11mg | 13mg | 13mg | 13mg | * |* = 0= ® *

B2

Vitamin | 15mg | 13mg | 13mg | 13mg | 13mg |17mg | = | * = 0= ® *

Béb

Vitamin | YWmg | ¥mg | Wmg | Wmg | MWmg | Wmg [ % [ % | % | % | % | %

c B3| 83| 83| 83 [ B3| 83

Vitamin | 10pg | 10pg | 10pg | Wpg |Wpg |[Wpg |* [ | % |* [* |7

D3

Vitamin | Jmg | img | 15mg | 15mg |15mg |15mg | & |* S ® #

E

(*All needs are supplied.)

A capsule of Pharmaton multivitamin contains (95) 800 ug Retinol (RE) vitamin

A, 60mg vitamin C, 12 mg Alpha-tocopherol (o-TE ) vitamin E, 16.13 g Niacin

Equivalent (NE) vitamin B3, 1.4 mg vitamin B6, 1.4 mg vitamin B2, 1.1 mg vitamin B1,

2.5 pg vitamin B12, 5 pg vitamin D, 200 pg Folic Acid, 50 pg Biotin, 120 mg Calcium,

10.5 mg Iron, 2 mg Manganese, 1.5 mg Zinc, 1000 ng Copper and 55 pug Selenium.

Details are shown in Table 2.4.
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Table 2.4 Vitamin-Mineral Components of Pharmaton Capsule (95)

Vitamins and Minerals 1 capsule amount
Vitamin A 800 ug RE
Vitamin C 60 mg
Vitamin E 12 mg a- TE
WVitamin B3 (niacin) 16.13 mg NE
Vitamin B6 (pyridoxine) 1.4 mg
Vitamin B2 (riboflavin) 1.4 mg
Vitamin Bl (thiamine) 1.l mg
Vitamin B12 (cobalamin) 2.5ug
Vitamin D 5ug

Folic Acid 200 pg
Biotin 50 ug
Calcium 120 mg

Iron 10.5 mg
Manganese 2 mg

Zinc 1.5 mg
Copper 1000 ug
Selenium 55 ug

A daily basis with 1 capsule of Pharmaton supplies, vitamin A in female 100%,
89% in male; Vitamin B1 was 100% in females and 92% in males; Vitamin B2 is 100%
both for female and male; Vitamin B6 in female and male 100%; Vitamin C in female
and male in 67%; Vitamin D in female and male 50%; Vitamin E in female and male
80%:; Vitamin B3 in female and male 100%; Vitamin B12 in female and male 100%,
Biotin in female and male 100%, 12% of Calcium in female and male who are between
the age of 19-50, 10% of Calcium in female and male above the age of 10%; 58% of Iron
in female between the age of 19-50 and 100% in female above 51 and all male;
Manganese 100% in female and 87% in male; Zinc 15% in female and 14% in male;
Virgin 100% in both female and male; Selenium 100% in both female and male. Details

are shown in Table 2.5.
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Table 2.5 The Percentage of Vitamins and Minerals Supplied for The Daily
Requirements of Turkey with Pharmaton Capsule

The Daily Eequirements of Turkev 93 Bupplied Percentzages (for
1 cap=uls)

Gendear Femals hale Female Mlals

Age 18-30 | 31-30 51-65 10-30 | 31-30 [ 5165 Q19 (3L (35119 31|51

30 (50| 63| 30| 50| &3
Vitamin A | 700ug | TODug | TO00ug | 200ug | 0Jup | F00ug | | ¢ | e[ %% | %
BO | B9 | BO
Witamin 1lmeg | 1.1mg | 1.1meg | 12mz | 12mp | 12me | * [* [* |3 |3 [%%
El 91 (9T | 92
Vitamin 10meg | 1.1lmeg | 11lmeg | 13mz | 13me | 13me [ * [* [* |* [* [*

El
Vitamin 13meg | 13meg | 13me | 13mz | 13me (17me | * [* [* |* [* [*
Bé
Vimin C | 90mz | MWmz | W0mez | MWz | W0mz | Wmz | | | U | M| %

Vitamin 10pg | 10ps 10 pe 10pe | 10pz | Iops o [ %6 [ 38 |35 | 2% [ %
o3 50 (50 (50| 50 ) 50| 50
VikminE | 13mz [ 13mz | 13mz | 13mz | 13mz | 13mz |56 | 36 | % | % | %% | %
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(*All needs are supplied.)

2.3 Body Composition Assessment

We considered height and weight as body composition parameters and measured
them in time periods preoperative, postoperative 1st month, postoperative 3rd months and
postoperative 6th months. Jawan GAIA Plus for weight and Secca for height

measurements are utilized in the process.
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2.4 Inclusion and Exclusion Criteria of the Research

2.4.1 Inclusion Criteria

. Patients who operated before the date 01 February 2018,

. Patients who the weight measurements and blood test are complete (preoperative
and postoperative 1st month, 3rd month and 6th month),

. Patients aged over 18 and under 65 years,

. BMI> 35 kg/m? with co-morbid disease and BMI> 40 kg/m? with no need to check
co-morbid disease (Diabetes, hypertension, sleep apnea and severe joint disorders were
evaluated as comorbid diseases.),

. Patients who received postoperative nutrition training were evaluated.

2.4.2 Exclusion Criteria

. Improper operation date,

. Patients who under 18 years or over 65 years,

. Patients who had lack of blood test or weight tracking were excluded from the
study.

2.5 Postgastrectomy Diet Process
25.1Step 1

It is a diet applied after hospitalization period and after leak tests. It is applied 1
or 2 days until discharge.

Goals: 1600 ml of fluid intake per day at a maximum of 100 ml per hour.

Foods that added to diet: Plain meat or chicken broth, apple, grape, peach juice

and sugar free soft drinks will be used in one-to-one ratio.

2.5.2 Step 2
It is a diet applied for 10 days after discharge.
Goals: 1600-1800 ml of fluid intake per day at 100-120 ml per hour.
Foods that added to diet: In addition to the 1st stage liquid protein contents as non-

fat ayran, yogurt, semi-skimmed milk.

2.5.3Step 3
It is a diet applied for a week after post-operative second week.
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Goals: 1600-1800 ml of fluid intake per day 100-120 ml per hour.

Foods that added to diet: Non-fat yogurt, non-fat cottage cheese, low-fat cream
cheese, boiled egg, sugar free pudding, soup of the consistency of baby formula, potato
puree, blenderized beans, legumes, vegetable puree or grated vegetables, oatmeal puree,

fruits without peel and acid.

2.5.4 Step 4

It is a diet applied for 1 week after post-operative third week.

Goals: 1600-1800 ml of fluid intake per day 100-120 ml per hour.

Foods that added to diet: This step is the transitional stage from puree to soft food.
Fish, soups, oatmeal, soft fresh fruits (like bananas, peaches, watermelons), well-cooked

veggies, cheese.

2.5.5Step 5
It is a diet applied for 1 week after post-operative fourth week.
Goals: 1600-1800 ml of fluid intake per day 100-120 ml per hour.
Solid food intake from 25 grams to 150 grams in a single meal.
Foods that added to diet: minced meat, chicken meat, lettuce, spinach etc. (raw

vegetable). A trade of rice and bulgur can be added.

2.5.6 Step 6
It is a diet applied for 1 week after post-operative fifth week.
Goals: 1600-1800 ml of fluid intake per day 100-120 ml per hour.
Solid food intake from 25 grams to 150 grams in a single meal. Protein
needs will be met with liquid protein supplements and added foods.

Foods that added to diet: Pasta, bread, fresh fruits and vegetables.

2.5.7 Step 7

It is a diet applied for 1 week after post-operative sixth week.

Goals: 1600-1800 ml of fluid intake per day 100-120 ml per hour. Solid food
intake from 25 grams to 150 grams in a single meal. Protein needs will be met with liquid
protein supplements and added foods. Snacks must be away from fried foods. Meals must

be chew very well.
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After this step all healthy foods will be added respectively. Must be away from
like high calorie foods, deserts with syrup, fizzy drinks, fried foods, roasted appetizers
and high incidence of fat foods. Liquid drinks must not take with or just before meals.

Protein content should be consumed before eating.

2.6 Data Analysis

For statistical analysis, NCSS (Number Cruncher Statistical System) 2007
(Kaysville, Utah, USA) program was used. Descriptive statistical methods are used
during the evaluation of study data Qualitative data is challenged against normal
distribution via Kolmogorov-Smirnov, Shapiro-Wilk test and graphical tools. For the data
which are not normally distributed, Mann Whitney U test is used for dual comparison.
For the evaluation of the normally distributed variable data Repeated Measures ANOVA
(Variance Analysis of recurrent measurements) test is used, where Bonferroni test is used
for dual comparison evaluation. For the evaluation of the not normally distributed
variable data Friedman test is used, where Wilcoxon Signed Ranks test is used for dual
comparison evaluation. Spearman’s Correlation Analysis method is used for the
evaluation of the correlation between the non-normal distributed variables. p<0.05 level
is taken as the min level to have a meaningful data result. p<0.05 was considered

significant.
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3.RESULTS

A total of 41 patients’ data, 78% (n=32) female and 22% (n=9) male, who had

undergone LSG surgery in Antalya Lara Anatolian Hospital between 15.01.2016 and

01.02.2018, were used in the study. The ages of the patients ranged from 18 to 58 years

and mean value was 40. 66 = 11.10.

Table 3.1 Range of Demographic Characteristics

n (%)
Age (year) Min-Max (Median) 18-58 (43)
Mean+SD 40,66+11,10
Gender Female 32 (78,0)
Male 9(22,0)
60,0
L * * .
wod Hesmmnesmnnneneneny ® e
. * t 3 *
* * * & *
* * * *
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*
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Figure 3.1 Age Range

Number of patients
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Gender

Female
78,0%

Figure 3.2 Gender Range

Table 3.2 Evaluation of Weight Measurements in Follow-up

Min-Max Mean+SD
(Median)
Weight (kg) Pre-op 84,9-198,7 (114,7)  118,31+23,11
Post-op 1.month 75,4-184 (103,2) 104,35+£22,51
Post-op 3.month 64-166,9 (88,3) 91,48+20,78
Post-op 6.month 57,1-144 (77,1) 81,35+18,08
ap  0,001%*
Paired comparisons; Pre-op — Post-op 1.month 0,001%%*
bp Pre-op - Post-op 3.month 0,001*%%*
Pre-op - Post-op 6. month 0,001**
Post-op 1.month-3.month 0,001*%*
Post-op 1.month-6.month 0,001%%*
Post-op 3.month- 6.month  ,001*%*

2Repeated Measures Test **p<0.01

bAdjustment for multiple comparisons: Bonferroni
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Figure 3.3 Chart of Weight Measurements in Follow-up

While the mean preoperative weight measurement of the patients was
118,31£23,11 kg postoperative first month measurement was 104,35+22,51 kg,
postoperative third month measurement was 91,48+20,78 kg and postoperative sixth
month measurement was 81,35+18,08 kg. Mean weight loss percentages 1st, 3rd, 6st
months respectively; 11.80%, 22.67%, 31.24%. Preoperative and postoperative 1st, 3rd
,6th months weight measurements were evaluated, and the change was statistically
significant (p=0.001; p<0.01) As a result of paired comparisons; the decrease in
postoperative 1st month, 3rd month and 6th month weight measurements compared to
preoperative measurements were statistically significant. (p =0.001; p =0.001; p = 0.001;
p <0.01, respectively). The decrease in the postoperative 3rd month and 6th month weight
measurements compared to 1st month measurements was statistically significant too (p =
0.001; p =0.001; p <0.01, respectively). The decrease in weight measurements of the 6th
month compared to the 3rd month postoperatively was also statistically significant (p =
0.001; p <0.01).
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Table 3.3 Evaluation of BMI Measurements in Follow-up

Min-Max Mean+SD
(Median)
BMI (kg/m?) Pre-op 35,3-68,8 (42,8) 44,08+7,17
Post-op 1.month 29-63,1 (37,1) 38,89+7,13
Post-op 3.month 24,5-57,4 (33) 34,09+6,70
Post-op 6. month 22,6-50,8 (28,8) 30,23+6,01
p  0,001%*

Paired comparisons; Pre-op — Post-op 1.month  (,001**
bp Pre-op — Post-op 3.month 0,001*%*
Pre-op — Post-op 6.month 0,001 **
Post-op 1.month-3.month (0,001 **
Post-op 1.month- 6.month 0,001 **
Post-op 3.month- 6.month  0,001%*

“Repeated Measures Test **p<0.01

bAdjustment for multiple comparisons: Bonferroni

BMI (kg/m2)
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a
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c
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Figure 3.4 Chart of BMI Measurements in Follow-up

While the mean preoperative BMI measurements of the patients were
118.31+23.11 kg, postoperative 1st month measurement was 104.35422.51 kg,
postoperative 3rd month measurement was 91.48+20.78 kg and postoperative 6th month
measurement was 81.35+18.08 kg. Preoperative and postoperative 1st, postoperative 3rd
and postoperative 6th month BMI measurements were evaluated, and the change was
statistically significant (p=0.001; p<0.01). As a result of paired comparisons; the decrease
in postoperative 1st month, 3rd month and 6th month BMI measurements compared to

preoperative measurements were statistically significant (p = 0.001; p = 0.001; p = 0.001,

30



p <0.01, respectively). The decrease in the postoperative 3rd month and 6th month BMI
measurements compared to postoperative 1st month measurement was statistically
significant as well (p = 0.001; p = 0.001; p <0.01, respectively). The decrease in BMI
measurements of the postoperative 6th month compared to the postoperative 3rd month

was also statistically significant (p = 0.001; p <0.01).

Table 3.4 Evaluation of Vitamin D25-OH Measurements in Follow-up

Min-Max Mean+SD
(Median)
Vitamin D25-OH  Preop  53-1056(20,7)  26,61+2126
(ng/mL) Post-op 1.month 8,8-95,4 (28,2) 33,22+20,05
Post-op 3.month 11,7-98,5 (34,2) 40,32+17,60
Post-op 6.month 17,5-73,7 (32,1) 33,76+11,40
p  0,001%*

Paired comparisons; Pre-op — Post-op 1.month  0,001**

ip Pre-op — Post-op 3.month 0,001 **
Pre-op — Post-op 6.month 0,005%*
Post-op 1.month- 3.month 0,104
Post-op 1.month- 6. month 0,403
Post-op 3.month- 6.month  0,034*

°Friedman Test Wilcoxon Signed Ranks Test **p<0.01 *n<0.05

Vitamin D25-OH (ng/mL)
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Figure 3.5 Chart of Vitamin D25-OH Measurements in Follow-up
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While the mean preoperative Vitamin D measurement of the patients was
26.61+21.26 ng/mL, postoperative 1st month measurement was 33.224+20.05 ng/mL,
postoperative 3rd month measurement was 40.32+17.60 ng/mL, and postoperative 6th
month measurement was 33.76+11.40 ng/mL. Preoperative and postoperative 1st,
postoperative 3rd and postoperative 6th month Vitamin D measurements were evaluated,
and the change was statistically significant (p=0.001; p<0.01). As a result of paired
comparisons; the increase in postoperative 1st month, 3rd month and 6th month Vitamin
D measurements compared to preoperative measurements were statistically significant (p
= 0.001; p = 0.001; p = 0.005; p <0.01, respectively). The decrease in Vitamin D
measurement of the postoperative 6th month compared to the postoperative 3rd month
was also statistically significant (p = 0.034; p <0.05). The other changes were not

statistically significant (p>0.05).

Table 3.5 Evaluation of Vitamin B12 Measurements in Follow-up

Min-Max Mean+SD
(Median)
Vitamin B12  Preop  123-479(256)  286,29+103,69
(pg/mL) Post-op 1.month 204-718 (406) 428,34+£130,77
Post-op 3.month 117-655 (328) 359,15+135,12
Post-op 6.month 89-612 (282) 311,49+121,26
v 0,001*%*

Paired comparisons; Pre-op — Post-op 1.month 0,001%%*

ip Pre-op — Post-op 3.month 0,001**
Pre-op — Post-op 6.month 0,241
Post-op 1.month- 3.month  §,001**
Post-op 1.month- 6.month  §,001**
Post-op 3.month- 6.month  §,021*

¢Friedman Test Wilcoxon Signed Ranks Test **p<0.01 *0<0.05
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Figure 3.6 Chart of Vitamin B12 Measurements in Follow-up

The mean preoperative Vitamin B12 measurement of the patients was
286.29+103.69 pg/mL, postoperative 1st month measurement was 428.34+130.77 pg/mL,
postoperative 3rd month measurement was 359.15+135.12 pg/mL, and postoperative 6th
month measurement was 311.49+121.26 pg/mL. Preoperative measurements and
postoperative 1st and postoperative 3rd month measurements of Vitamin B12 were
evaluated and the change was statistically significant (p=0.001; p<0.01). As a result of
paired comparisons; the increase in postoperative 1st and 3rd month Vitamin B12
measurements compared to preoperative measurement was statistically significant
(p=0.001; p=0.001; p<0.01, respectively). The decrease in Vitamin B12 measurements of
the postoperative 3rd month and postoperative 6th month compared to the preoperative
measurement was also statistically significant (p=0.001; p=0.001; p<0.01 respectively).
The decrease in Vitamin B12 measurement of the postoperative 6th month compared to
the postoperative 3rd month was also statistically significant (p=0.021; p <0.05).

Table 3.6 Evaluation of Folic Acid Measurements in Follow-up

Min-Max Mean+SD
(Median)
Folicacid (ng/mL)  Pre-op  29-172(58) 714336
Post-op 1.month 2,3-19,6 (7,3) 8,11+3,28
Post-op 3.month 2,3-21,7 (7,6) 8,27+3,81
Post-op 6.month 2-23,1(7) 8,75+5,03
p 0,565

cFriedman Test
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Figure 3.7 Chart of Folic Acid Measurements in Follow-up

The mean preoperative Folic Acid measurement of the patients was 7.14+3.36
ng/mL, postoperative 1st month measurement was 8.11+3.28 ng/mL, postoperative 3rd
month measurement was 8.27+3.81 ng/mL, and postoperative 6th month measurement
was 8.75+5.03 ng/mL. Preoperative measurement and postoperative 1st, 3rd and 6st
month measurements of Folic acid were evaluated and the change was not statistically
significant (p>0.05).

Table 3.7 Evaluation of Sodium Measurements in Follow-up

Min-Max Mean=SD
(Median)
‘Sodium (mmolVL) Pre-op  136-144(139)  138,95+1,70
Post-op 1.month 136-145,9 (141) 141,12+1,75
Post-op 3.month 138-144 (141) 140,95+1,58
Post-op 6.month 124-145,5 (141)  140,47+3,10
ap  0,001*%*
Paired Pre-op — Post-op Lmonth  (,001**
comparisons; bp Pre-op — Post-op 3.month 0,001 **

Pre-op — Post-op 6.month 0,060
Post-op 1.month-3.month 7,000
Post-op 1.month- 6.month 7,000
Post-op 3.month- 6.month 7,000

aRepeated Measures Test bAdjustment for multiple comparisons: Bonferroni **p<0.01
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Figure 3.8 Chart of Sodium Measurements in Follow-up

While the mean preoperative Sodium measurement of the patients was
138.95+1.70 mmol/L, postoperative 1st month measurement was 141.12+1.75 mmol/L,
postoperative 3rd month measurement was 140.95+1.58 mmol/L and postoperative 6th
month measurement was 140.47+3.10 mmol/L. Preoperative measurement and
postoperative 1st, 3rd and 6th month measurements of Sodium were evaluated and the
change was statistically significant(p=0.001; p<0.01). As a result of paired comparisons;
the increase in postoperative 1st and 3rd month Sodium measurements with respect to
preoperative measurement were statistically significant (p=0.001; p=0.001; p<0.01,

respectively). The other changes were not statistically significant (p>0.05).

Table 3.8 Evaluation of Potassium Measurements in Follow-up

Min-Max Mean+SD
(Median)
Potassium Pre-op 3,8-5,2 (4,4) 4,41+0,32
(mmol/L) Post-op 1.month 3,5-5,3 (4,3) 4,35+0,40
Post-op 3.month 3,7-5 (4,4) 4,41+0,35
Post-op 6.month 4,1-5,6 (4,6) 4,64+0,36
ap  0,001%*

Paired comparisons; Pre-op — Post-op L.month 1,000

bp Pre-op — Post-op 3.month 1,000
Pre-op — Post-op 6.month 0,002%*
Post-op 1.month-3.month 7,000
Post-op 1.month- 6.month  ,005%*

Post-op 3.month- 6.month  0,009%*

“Repeated Measures Test **p<0.01

bAdjustment for multiple comparisons: Bonferroni
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Figure 3.9 Chart of Potassium Measurements in Follow-up

While the mean preoperative Potassium measurement of the patients was
4.414+0.32 mmol/L, postoperative 1st month measurement was 4.35+0.40 mmol/L,
postoperative 3rd month measurement was 4.41+0.35 mmol/L and postoperative 6th
month measurement was 4.64+0.36 mmol/L. Preoperative measurement and
postoperative 1st, 3rd and 6th month measurements of Potassium were evaluated, and the
change was statistically significant (p=0.001; p<0.01). As a result of paired comparisons;
the increase in postoperative 6th month measurement compared to postoperative 1st
month measurement and increase 6th month measurement compared to postoperative 1st
month Sodium measurement was statistically significant (p=0.005; p=0.009; p<0.01,

respectively). The other changes were not statistically significant (p>0.05).

Table 3.9 Evaluation of Calcium Measurements in Follow-up

Min-Max Mean+SD
(Median)
Calcium (mg/dL) Pre-op 8,6-10,1 (9,5) 9,51+£0,35
Post-op 1.month 8,9-10,4 (9,6) 9,58+0,36
Post-op 3.month 8,1-10,3 (9,6) 9,61+0,40
Post-op 6.month 8,8-10,4 (9,6) 9,53+0,39
“p 0,307

“Repeated Measures Test
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Figure 3.10 Chart of Calcium Measurements in Follow-up

While the mean preoperative Calcium measurement of the patients was 9.51+0.35
mg/dL, postoperative 1st month measurement was 9.58+0.36 mg/dL, postoperative 3rd
month measurement was 9.61+0.40 mg/dL and postoperative 6th month measurement
was 9.53+0.39 mg/dL. Preoperative measurement and postoperative 1st, 3rd and 6th
month measurements of Calcium were evaluated, and the change was not statistically
significant (p>0.05).

Table 3.10 Evaluation of Zinc Measurements in Follow-up

Min-Max Mean+SD
(Median)
Zinc (ng/dL) Pre-op 68,9-115,8 (84,2) 86,36+11,97
Post-op 1.month 56,1-122,4 (86) 85,58+16,49
Post-op 3.month 50-118,3 (80,4) 79,63+16,58
Post-op 6.month 40,2-102,4 (73,3) 72,80+14,96
ep  0,001%*

Paired comparisons; Pre-op — Post-op 1.month 7,000

bp Pre-op — Post-op 3.month 0,147
Pre-op — Post-op 6.month 0,001**
Post-op 1.month-3.month  (,379
Post-op 1.month- 6.month  (),001**
Post-op 3.month- 6.month 0,066

2Repeated Measures Test **p<0.01

bAdjustment for multiple comparisons: Bonferroni

37



Zinc (pg/dL)

110
100 A
90 1
80 1
70 1

Mean + SD

60 1

50 T T T
Pre-op Post-op 1.month Post-op 3.month Post-op 6.month

Figure 3.11 Chart of Zinc Measurements in Follow-up

While the mean preoperative Zinc measurement of the patients was 86.36+11.97
ug/dL, postoperative 1st month measurement was 85.58+16.49 ug/dL, postoperative 3rd
month measurement was 79.63+16.58 ug/dL and postoperative 6th month measurement
was 72.80+14.96 pg/dL. Preoperative and postoperative 1st, postoperative 3rd and
postoperative 6th month Zinc measurements were evaluated, and the change was
statistically significant (p=0.001; p<0.01). As a result of paired comparisons; the decrease
in postoperative 6th month Zinc measurement compared to preoperative measurement
was statistically significant (p = 0.001; p <0.01). The decrease in postoperative 6th month
Zinc measurement compared to postoperative 1st month measurement was statistically
significant (p = 0.001; p <0.01). The other changes were not statistically significant
(p>0.05). The values decreased linearly, but the mean values were not measured as zinc

deficiency in any month.
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Table 3.11 Evaluation of Magnesium Measurements in Follow-up

Min-Max Mean+SD
(Median)
Magnesium Pre-op 1,5-3,9 (2) 2,03+0,35
(mg/dL) Post-op 1.month 1,5-2,4 (2) 1,94+0,18
Post-op 3.month 1,7-2,5 (2,1) 2,05+0,19
Post-op 6.month 1,7-20,5 (2) 2,48+2,89
p  0,020*

Paired comparisons; Pre-op — Post-op 1.month 0,801

bp Pre-op — Post-op 3.month 1,000
Pre-op — Post-op 6.month 1,000
Post-op 1.month- 3.month  0,027*
Post-op 1.month- 6.month  (,018*

Post-op 3.month- 6.month 1,000

9Repeated Measures Test *»<0.05

bAdjustment for multiple comparisons: Bonferroni
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Figure 3.12 Chart of Magnesium Measurements in Follow-up

While the mean preoperative Magnesium measurement of the patients was 2.03+
0.35 mg/dL, postoperative 1st month measurement was 1.94+0.18 mg/dL, postoperative
3rd month measurement was 2.05+0.19 mg/dL and postoperative 6th month
measurements was 2.04+0.20 mg/dL.

Preoperative and postoperative 1st, postoperative 3rd and postoperative 6th month
Magnesium measurements were evaluated, and the change was statistically significant
(p=0.020; p<0.05). As a result of paired comparisons; the increase in postoperative 3th

month and 6th month Magnesium measurements compared to postoperative 1st month
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measurement was statistically significant (p=0.027; p=0.018; p<0.05, respectively). The
other changes were not statistically significant (p>0.05).

Table 3.12 Evaluation of Phosphorus Measurements in Follow-up

Min-Max Mean+SD
(Median)
Phosphorus Pre-op 2,5-4,7 (3,2) 3,28+0,45
(mg/dL) Post-op 1.month 2,7-5,9 (3,4) 3,55+0,59
Post-op 3.month 2,9-5,2 (3,7 3,76+0,53
Post-op 6.month 2,7-5 (3,9) 3,83+0,48
“p 0,001%*

Paired comparisons; Pre-op — Post-op 1.month  (,018*

bp Pre-op — Post-op 3.month 0,001%*
Pre-op — Post-op 6.month 0,001%*
Post-op 1.month- 3.month  ¢,013*
Post-op 1.month- 6.month  0,012%
Post-op 3.month- 6.month 7,000

4Repeated Measures Test **p<0.01 *»<0.05

bAdjustment for multiple comparisons: Bonferroni
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Figure 3.13 Chart of Phosphorus Measurements in Follow-up

While the mean preoperative Phosphorus measurement was 3.28+0.45 mg/dL,
postoperative 1st month measurement was 3.55+0.59 mg/dL, postoperative 3rd month

measurement was 3.76+0.53 mg/dL and postoperative 6th month measurement was
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3.83+0.48 mg/dL of the patients. Preoperative and postoperative 1st, postoperative 3rd
and postoperative 6th month Phosphorus measurements were evaluated, and the change
was statistically significant (p=0.001; p<0.01). As a result of paired comparisons; the
increase in postoperative 1st month, 3rd month and 6th month Phosphorus measurements
compared to preoperative measurements were statistically significant (p=0.018; p=0.001;
p=0.001; p<0.05, respectively). The increase in Phosphorus measurements of the
postoperative 3rd and postoperative 6th month compared to the postoperative 1st month
was also statistically significant (p = p=0.013; p=0.012; p<0.05, respectively). The other
changes have not found as statistically significant (p>0.05).

Table 3.13 Evaluation of Iron Measurements in Follow-up

Min-Max Mean+SD
(Median)
Iron (png/dL) Pre-op 14-122 (59) 64,41+28,38
Post-op 1.month 18,8-124,8 (63,9)  63,40+25,27
Post-op 3.month 23,5-146,6 (78,9)  79,72+£28,67
Post-op 6.month 14,9-163,8 (83) 81,82+32,57
p  0,001%%

Paired comparisons; Pre-op —Post-op 1.month 7,000

bp Pre-op — Post-op 3.month 0,047*
Pre-op — Post-op 6.month 0,010*%
Post-op 1.month- 3. month 0,001 **
Post-op 1.month- 6.month  §,003**

Post-op 3.month- 6.month 7,000

“Repeated Measures Test **p<0.01 *0<0.05

bAdjustment for multiple comparisons: Bonferroni
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Figure 3.14 Chart of Iron Measurements in Follow-up

While the mean preoperative Iron measurement of the patients was 64.41+28.38
ug/dL, postoperative 1st month measurement was 63.40+25.27 ug/dL, postoperative 3rd
month measurement was 79.72+28.67 ug/dL and postoperative 6th month measurement
was 81.82+32.57 pg/dL. Preoperative and postoperative 1st, postoperative 3rd and
postoperative 6th month Iron measurements were evaluated, and the change was
statistically significant (p=0.001; p<0.01). As a result of paired comparisons; the increase
in postoperative 3rd month and 6th month Iron measurements compared to preoperative
measurement were statistically significant (p=0.047; p=0.010; p<0.05, respectively). The
increase in postoperative 3rd month and 6th month Iron measurements compared to
postoperative 1st month measurement was statistically significant (p=0.001; p=0.003;
p<0.01, respectively). The other changes have not found as statistically significant
(p>0.05).
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Table 3.14 Evaluation of Glucose Measurements in Follow-up

Min-Max Mean+SD
(Median)
Glucose (fasting)  Preop 78270 (104)  113,68+3441
(mg/dL) Post-op 1.month 68-139 (90) 91,39+17,07
Post-op 3.month 66-143 (86) 88,59+15,40
Post-op 6.month 63-117 (85) 85,88+10,79
p  0,001*%*

Paired comparisons; Pre-op — Post-op 1.month 0,001%*%*

ip Pre-op — Post-op 3.month 0,001%*
Pre-op — Post-op 6.month 0,001%*
Post-op 1.month-3.month 0,097
Post-op 1.month- 6.month  (,010*
Post-op 3.month- 6.month  (,185

cFriedman Test Wilcoxon Signed Ranks Test **p<0.01 *n<0.05
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Figure 3.15 Chart of Glucose Measurements in Follow-up

Preoperative and postoperative 1st, postoperative 3rd and postoperative 6th month
Glucose measurements were evaluated, and the change was statistically significant
(p=0.001; p<0.01) As a result of paired comparisons; the decrease in postoperative 1st
month, 3rd month and 6th month weight measurements compared to preoperative
measurement were statistically significant. (p = 0.001; p = 0.001; p = 0.001; p <0.01,
respectively). The decrease in the postoperative 6th month glucose measurement
compared to 1st month measurement was statistically significant as well (p=0.010;

p<0.05). Other changes have not found as statistically significant. (p>0.05).
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Table 3.15 Evaluation of HbAlc Measurements in Follow-up

Min-Max Mean+SD
(Median)
HbA1lc (%) Pre-op 4,8-9 (5,6) 5,81+0,89
Post-op 1.month 4,7-7,8 (5,2) 5,44+0,68
Post-op 3.month 4,6-6,6 (5,4) 5,35+0,48
Post-op 6.month 4-6,6 (5,3) 5,35+0,55
p  0,001**

Paired comparisons; Pre-op — Post-op 1.month  (,001**

bp Pre-op — Post-op 3.month 0,002**
Pre-op — Post-op 6.month 0,006**
Post-op 1.month- 3.month 7,000
Post-op 1.month- 6.month 7,000
Post-op 3.month- 6.month 7,000

“Repeated Measures Test **p<0.01

bAdjustment for multiple comparisons: Bonferroni
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Figure 3.16 Chart of HbAlc Measurements in Follow-Up

Preoperative and postoperative 1st, postoperative 3rd and postoperative 6th month
HbAlc measurements were evaluated and the change was statistically significant
(p=0.001; p<0.01) As a result of paired comparisons; the decrease in postoperative 1st
month, 3rd month and 6th month weight measurements compared to preoperative
measurement were statistically significant. (p=0.001; p=0.002; p=0.006; p<0.01,
respectively). Other changes have not found as statistically significant. (p>0.05).
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Table 3.16 Evaluation of Albumin Measurements in Follow-up

Min-Max Mean+SD
(Median)
Albumin (g/dL) Pre-op 3,9-5,1 (4,4) 4,39+0,23
Post-op 1.month 3,7-5 (4,2) 4,20+0,25
Post-op 3.month 3,5-7,1 (4,2) 4,36+0,68
Post-op 6.month 3,4-5 (4,2) 4,20+0,28
p  0,001%*

Paired comparisons; Pre-op — Post-op L.month  ,001**

p Pre-op — Post-op 3.month 0,007**
Pre-op — Post-op 6.month 0,001%**
Post-op 1.month-3.month  (,718
Post-op 1.month- 6.month  §,539
Post-op 3.month- 6.month  (,27]

¢Friedman Test Wilcoxon Signed Ranks Test **p<0.01 *0<0.05
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Figure 3.17 Chart of Albumin Measurements in Follow-up

Preoperative and postoperative 1st, postoperative 3rd and postoperative 6th month
Albumin measurements were evaluated, and the change was statistically significant
(p=0.001; p<0.01) As a result of paired comparisons; the decrease in postoperative 1st
month, 3rd month and 6th month weight measurements compared to preoperative
measurement were statistically significant. (p=0.001; p=0.007; p=0.001; p<0.01,

respectively). Other changes have not found as statistically significant. (p>0.05).
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Table 3.17 Evaluation of Uric Measurements in Follow-up

Min-Max Mean+SD
(Median)
Uric acid (mg/dL) Pre-op 4,1-11,7(5,9)  6,23+1,48
Post-op 1.month 3,6-13,2 (7) 7,65+2,45
Post-op 3.month 3,2-9,5 (5,6) 5,91+1,56
Post-op 6.month 2,9-8,2 (5,1) 5,25+1,28
ap  0,001**

Paired comparisons; Pre-op — Post-op 1.month  0,004**

bp Pre-op — Post-op 3.month 0,349
Pre-op — Post-op 6.month 0,001%*
Post-op 1.month- 3.month  0,001**
Post-op 1.month- 6.month 0,001 **
Post-op 3.month- 6.month  ,001**

“Repeated Measures Test **p<0.01

bAdjustment for multiple comparisons: Bonferroni
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Figure 3.18 Chart of Uric Acid Measurements in Follow-up

Preoperative and postoperative 1st, postoperative 3rd and postoperative 6th month
Uric acid measurements were evaluated and the changes were statistically significant
(p=0.001; p<0.01) As a result of paired comparisons; the increase in postoperative 1st
month compared to preoperative measurement was statistically significant and the
decrease in postoperative 6th month compared to preoperative measurement was
statistically significant p=0.004; p=0.001; p<0.01, respectively). The decrease in the
postoperative 3rd and 6th month uric acid measurements compared to 1st month

measurement was statistically significant as well (p=0.001; p=0.001; p<0.01 respectively)
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The decrease in the postoperative 6th month measurements compared to 3rd month
measurements was statistically significant as well (p=0.001; p<0.01).

Table 3.18 Evaluation of Total Cholesterol Measurements in Follow-up

Min-Max Mean+SD
(Median)
Total cholesterol Pre-op 121-289 (196)  204,10+38,53
(mg/dL) Post-op 1.month 91-283 (172) 174,27+38,82
Post-op 3.month 118-262 (191)  195,22+36,95
Post-op 6.month 134-364 (211)  208,93+45,20
ap  0,001**
Paired Pre-op — Post-op 1.month 0,001 **
comparisons; °p Pre-op — Post-op 3.month 0,743

Pre-op — Post-op 6.month 1,000
Post-op 1.month- 3.month 9,001 **
Post-op 1.month- 6.month 0,001 **

Post-op 3.month- 6.month  (,018*

9Repeated Measures Test bAdjustment for multiple comparisons: Bonferroni

**p<(.0] *»<0.05
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Figure 3.19 Chart of Total Cholesterol Measurements in Follow-up

Preoperative and postoperative 1st, postoperative 3rd and postoperative 6th month
total cholesterol measurements were evaluated, and the change was statistically
significant (p=0.001; p<0.01) As a result of paired comparisons; the decrease in
postoperative 1st month total cholesterol measurements compared to preoperative
measurements were statistically significant. (p=0.001; p<0.01) The increase in the

postoperative 3rd and 6th month weight measurements compared to 1st month
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measurement was statistically significant as well (p=0.001; p=0.001; p<0.01 respectively)
The increase in the postoperative 6th month uric acid measurements compared to 3rd

month measurement was statistically significant as well (p=0.018; p<0.05).

Table 3.19 Evaluation of HDL Measurements in Follow-up

Min-Max Mean+SD
(Median)
HDL (mg/dL) Pre-op 33-83 (45) 47,61+10,73
Post-op 1.month 22,7-62,2 (39) 40,81+8,91
Post-op 3.month 29,4-78 (45,2) 47,88+10,83
Post-op 6.month 25,1-92 (53) 53,28+13,59
ep  0,001%%

Paired comparisons; Pre-op — Post-op 1.month  0,001**

bp Pre-op — Post-op 3.month 1,000
Pre-op — Post-op 6.month 0,009%%
Post-op 1.month- 3.month  0,001%*%
Post-op 1.month- 6.month  0,001%*%
Post-op 3.month- 6.month  §,001**

aRepeated Measures Test **p<0.01

bAdjustment for multiple comparisons: Bonferroni
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Figure 3.20 Chart of HDL Measurements in Follow-up

Preoperative and postoperative 1st, postoperative 3rd and postoperative 6th month
HDL measurements were evaluated, and the change was statistically significant (p=0.001,;

p<0.01) As a result of paired comparisons; the decrease in postoperative 1st month and

48



the increase in 6th month measurement compared to preoperative measurement was
statistically significant. (p=0.001; p<0.01) The increase in the postoperative 3rd and 6th
month HDL measurements compared to 1st month measurement was statistically
significant as well (p=0.001; p=0.001; p<0.01 respectively) The increase in the
postoperative 6th month measurement compared to 3rd month measurement was
statistically significant as well (p=0.001; p<0.01).

Table 3.20 Evaluation of LDL Measurements in Follow-up

Min-Max Mean+SD
(Median)
LDL (mg/dL) Pre-op 77-214 (137) 139,90+:33,92
Post-op 1.month 41-207 (105) 108,49+32,39
Post-op 3.month 67-179 (122) 124,00+30,40
Post-op 6.month 66-283 (134) 134,66+38,07
°p  0,001%*

Paired comparisons; Pre-op — Post-op 1.month  (,001**

bp Pre-op — Post-op 3.month 0,001%*
Pre-op — Post-op 6.month 1,000
Post-op 1.month- 3.month  9,001**
Post-op 1.month- 6.month  9,001**

Post-op 3.month- 6.month 0,058

aRepeated Measures Test **p<0.01

bAdjustment for multiple comparisons: Bonferroni
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Figure 3.21 Chart of LDL Measurements in Follow-up
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Preoperative and postoperative 1st, 3rd, and 6th months LDL measurements were
evaluated, and the change was statistically significant (p=0.001; p<0.01) As a result of
paired comparisons; the decrease in postoperative 1st month, 3rd month LDL
measurements compared to preoperative measurement was statistically significant(
p=0.001; p=0.001; p<0.01 respectively).The increase in the postoperative 3rd and 6th
month weight measurements compared to 1st month measurement was statistically
significant as well (p=0.001; p=0.001; p<0.01 respectively). Other changes have not
found as statistically significant. (p>0.05).

Table 3.21 Evaluation of Triglyceride Measurements in Follow-up

Min-Max Mean+SD
(Median)
Triglyceride ~ Preop 38330 (126)  137,51+68,59
(mg/dL) Post-op 1.month 63,3-210 (123) 123,68+39,10
Post-op 3.month 55-184,4 (115,8)  116,45+34,08
Post-op 6.month 50,5-193 (107,6)  106,22+31,49
ap  0,001**

Paired comparisons; Pre-op — Post-op 1.month  (),735

bp Pre-op — Post-op 3.month 0,189
Pre-op — Post-op 6.month 0,012*
Post-op 1.month- 3.month 0,451
Post-op 1.month- 6.month  ,005**
Post-op 3.month- 6.month  0,007**

2Repeated Measures Test bAdjustment for multiple comparisons: Bonferroni
74 Y 4 4

*%p<0.01 *<0.05

Triglyceride (mg/dL)

250

200 A

150 1

100 1

Mean £ SD

0 T T T
Pre-op Post-op 1.month Post-op 3.month Post-op 6.month

Figure 3.22 Chart of Triglyceride Measurements in Follow-up
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Preoperative and postoperative 1st, 3rd, and 6th months Triglyceride
measurements were evaluated, and the change was statistically significant (p=0.001,
p<0.01) As a result of paired comparisons; the decrease in postoperative 6th month
triglyceride measurements compared to preoperative measurement was statistically
significant (p=0.012; p<0.05). The decrease in the postoperative 6th month triglyceride
measurement compared to 1st and 3rd months measurement was statistically significant
as well ((p=0.005; p=0.007; p<0.01 respectively). Other changes have not found as
statistically significant. (p>0.05).

Table 3.22 Evaluation of PTH Measurements in Follow-up

Min-Max Mean+SD
(Median)
PTH(pgmL)  Preop  141-1155(584)  61,04£2170
Post-op 1.month 17,9-86,8 (44,8) 48,62+17,18
Post-op 3.month 18,1-153,6 (46,5) 50,47+£23,75
Post-op 6.month 12,1-120,5 (47,6) 49,49+20,23
D 0,001%

Paired comparisons; Pre-op — Post-op 1.Lmonth 0,001 **

bp Pre-op — Post-op 3.month 0,049*
Pre-op — Post-op 6.month 0,011*
Post-op 1.month- 3.month 71,000
Post-op 1.month- 6.month 71,000
Post-op 3.month- 6.month 7,000

“Repeated Measures Test bAdjustment for multiple comparisons: Bonferroni

*4p< (.01 *9<0.05
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Figure 3.23 Chart of PTH Measurements in Follow-up
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Preoperative and postoperative 1st, 3rd, and 6th months PTH measurements were
evaluated, and the change was statistically significant (p=0.001; p<0.01) As a result of
paired comparisons; the decrease in postoperative 1st month, 3rd month and 6th month
PTH measurements compared to preoperative measurements were statistically significant
(p=0.001; p=0.049; p=0.011; p<0.05, respectively). Other changes have not found as
statistically significant. (p>0.05).

Table 3.23 Evaluation of TSH Measurements in Follow-up

Min-Max Mean2SD
(Median)
TSH (pnIU/mL) Pre-op 0,1-16,5(1,4) 1,93+2,46
Post-op 1.month 0-11,2 (1,6) 1,82+1,77
Post-op 3.month 0-4,3 (1,5) 1,60+0,99
Post-op 6.month 0,4-8,5 (1,6) 1,91+1,46
p 0,209
*Friedman Test
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Figure 3.24 Chart of TSH Measurements in Follow-up

Preoperative and postoperative 1st, 3rd, and 6th months TSH measurements were
evaluated, and the change was not statistically significant (p>0.05).
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Figure 3.25 Biochemical Range Changes by Months

[ Deficiency Insufficiency

According to blood tests, patients were classified according to deficiency,
insufficiency and optimal value ranges. The percentage was calculated according to the
number of people in these value ranges. This method was evaluated separately for each
measurements period.
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In preoperative measurements 46.3% (n=19) of the patients had deficiency, 31.7%
(n=13) had insufficiency and 22%(n=9) had optimal range for vitamin D; 19.5% (n=8) of
the patients had deficiency, 80.5% (n=33) had optimal range for vitamin B12; of the
patients had deficiency 2.4% (n=1), 97.6% (n=40) had optimal range for folic acid, zinc,
and magnesium ; 29.3% (n=12) of the patients had deficiency, 70.7% (n=29) had optimal
range for iron; 100%(n=41) of the patients had optimal range for sodium, potassium,
calcium and phosphorus.

In 1st month measurements 20% (n=8) of the patients had deficiency, 35% (n=14)
had insufficiency and 45% (n=19) had optimal range for vitamin D; 2.4% (n=1) of the
patients had deficiency, 97.6% (n=40) had optimal range for folic acid; 22% (n=9) of the
patients had deficiency, 78% (n=32) had optimal range for zinc; 7.3% (n=3) of the
patients had deficiency, 92.7% (n=38) had optimal range for magnesium; 36.6% (n=15)
of the patients had deficiency, 63.4% (n=26) had an optimal range for iron; 100%(n=41)
of the patients had an optimal range for vitamin B12, sodium, potassium, calcium and
phosphorus.

In 3rd month measurements 4.9% (n=2) of the patients had deficiency, 29.2%
(n=12) had insufficiency and 65.9% (n=27) had optimal range for vitamin D; 4.9% (n=2)
of the patients had deficiency, 95.1% (n=39) had optimal range for vitamin B12; 7.3%
(n=3) of the patients had deficiency, 92.7% (n=38) had optimal range for folic acid; 2.4%
(n=1) of the patients had deficiency, 97.6% (n=40) had optimal range for calcium; 29.3%
(n=12) of the patients had deficiency, 70.7% (n=29) had optimal range for zinc; 17.1%
(n=7) of the patients had deficiency, 82.9% (n=34) had optimal range for iron;
100%(n=41) of the patients had an optimal range for sodium, potassium, magnesium and
phosphorus.

In 6st month measurements 4.9% (n=2) of the patients had deficiency, 36.6%
(n=15) had insufficiency and 58.5% (n=24) had optimal range for vitamin D; 12.2% (n=5)
of the patients had deficiency, 87.8% (n=36) had optimal range for vitamin B12; 4.9%
(n=2) of the patients had deficiency, 95.1% (n=39) had optimal range for folic acid; 2.4%
(n=1) of the patients had deficiency, 97.6% (n=40) had optimal range for sodium; 41.5%
(n=17) of the patients had deficiency, 58.5% (n=24) had optimal range for zinc; 14.6%
(n=6) of the patients had deficiency, 85.4% (n=35) had optimal range for iron;
100%(n=41) of the patients had an optimal range for calcium, potassium, magnesium and

phosphorus.
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Table 3.24 Evaluation of vitamin-mineral measurements for weight loss percentages of
preoperative and postoperative 6th month

Preoperative - Postoperative 6th month

Differences of Preoperative - weight loss (%)

Postoperative 6th month (%) < %30 (n=17) > %0 30 (n=24) p

Vitamin D25-  Min/Max (Median) .58 4 / 259,7 (26,6) -69,3/600,9 (61,6) 0,214

OH (ng/mL)  Mean+SD 59,88+105,52 111,84+156,31

Vitamin B12 Min/Max (Median)  -48,7 / 113,3 (26,7)  -52,7/122,8 (4,9) 0,634

(pg/mL) Mean+SD 20,32+50,68 16,47+51,42

Folic acid Min/Max (Median) ~ -58 4 /541,7 (72,8) -63,5/175,2 (0,7)  0,044*

(ng/mL) Mean=SD 98,24:164,82 10,56+62,56

Sodium Min/Max (Median) —-0,8 /6,2 (0,9) -10,8 /4,4 (1,9) 0,458

(mmol/L) Mean+SD 1,24+1,69 1,01£3,11

Potassium Min/Max (Median)  -17.6 / 24,8 (6,7) -5,1/24,4 (6,1) 0,483

(mmol/L) Mean+SD 3,97+10,66 6,61+6,38

Calcium Min/Max (Median)  -126 / 8,8 (1) -5,416,2 (0,5) 0,895

(mg/dL) Mean:=SD -0,09+4,83 0,47+2,62

Zinc (ng/dL) ~ Min/Max (Median) 477 /16,8 (-16,7)  -56,8 /27,8 (-14,2) 0,937
Mean+SD -14,86%16,08 -14,56x£20,7

Magnesium Min/Max (Median) 44,7 / 32,3 (3,2) -19,8/20,9 (2) 0,443

(mg/dL) Mean+SD 4,12+17,79 1,3149,00

Phosphorus Min/Max (Median) —-21.3/72,8 (10,8)  -3,5/59,3 (18,2) 0,308

(mg/dL) MeanSD 15,41423,65 20,99+18,75

Iron (ng/dL)  MinMax (Median) _64.4/1913 (28,4) -87,8/490 (37,1) 0,895
Mean=SD 42,12+66,49 73,54+144,22

Mann Whitney U Test *p<0.05

In the postoperative 6th month, the patients were examined in 2 classes as patients
whose weight loss percentage were equal or less than 30% and patients whose weight loss
percentage were more than 30% percent. There were no statistically significant
differences in vitamin D, vitamin B12, sodium, potassium, calcium, zinc, magnesium,
phosphorus and iron. (P> 0.05).

The patients who lost 30% or less in the postoperative 6th month according to the
preoperative period; the changes in folic acid measurements in this process ranged from
58.4% to 541.7%, with an average increase of 98.24 + 164.82%. Patients who lost more
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than 30% weight in the postoperative 6th month according to the preoperative period;
The changes in folic acid measurements in this process ranged from 63.5% to 175.2%,
with an average increase of 10.56 + 62.56%. There was a statistically significant
difference between the percentage changes in folic acid measurements according to the
weight loss levels of the cases. (p=0.044; p<0.05) The increase in folic acid measurements
of patients who lost 30% or less in the postoperative 6th month was higher than the ones

who lost more than 30% weight.

Table 3.25 Relationship Between Changes in Weight Loss Percentages and Changes in

Vitamin and Mineral Measurements

Weight Loss (%)

Preoperative  Preoperative  Preoperative  Postoperative

e 0 CoSapraive Tosoperaiepooperave
Vitamin D25- r 0,121 0,045 0,021 -0,148
OH (ng/mL) p 0,449 0,781 0,896 0,355
Vitamin B12 r -0,222 0,010 0,028 0,304
(pg/mL) p 0,163 0,953 0,860 0,054
Folic acid r -0,347 -0,080 0,180 0,205
(ng/mL) p 0,026* 0,620 0,259 0,198
Sodium r -0,250 -0,122 -0,110 0,075
(mmol/L) p 0,115 0,448 0,493 0,642
Potassium r 0,250 -0,053 -0,143 -0,049
(mmol/L) p 0114 0,744 0,372 0,763
Calcium r 0,078 -0,062 0,083 0,053
(mg/dL) p 0,626 0,701 0,607 0,740
Zinc (ug/dL) r 0,164 0,237 0,116 0,128

p 0,306 0,135 0,469 0,425
Magnesium r 0,183 0,041 0,081 -0,093
(mg/dL) p 0,252 0,798 0,615 0,563
Phosphorus r 0,185 0,006 0,002 0,144
(mg/dL) p 0,248 0,972 0,989 0,370
Iron (ng/dL) r 0,057 0,252 -0,036 -0,150

p 0,726 0,112 0,821 0,350

r: Spearman’s Correlation Coefficient *p<0.05

56



In the above table (table 3.25), the correlation of the weight loss percentage and
vitamin, mineral differences were evaluated. The correlation coefficient (r) indicates the
degree of correlation between any two characters. The fact that if the coefficient sign is
"-", it defines negative correlation and if coefficient sign is "+", it defines positive
correlation.

There was no statistically significant correlation between the preoperative and
postoperative 1st month weight loss percentages, the changes in vitamin D, vitamin B12,
sodium, potassium, calcium, zinc, magnesium, phosphorus and iron measurements
(p>0.05). There was a statistically significant negative correlation between the
preoperative and postoperative 1st month weight loss percentages and the changes in folic
acid measurements (r: - 0.347; p = 0.026; p <0.05).

There was no statistically significant correlation between the preoperative and
postoperative 3rd month weight loss percentages, the changes in vitamin D, vitamin B12,
folic acid, sodium, potassium, calcium, zinc, magnesium, phosphorus and iron
measurements (p>0.05).

There was no statistically significant correlation between the preoperative and
postoperative 6th month weight loss percentages and the changes in vitamin D, vitamin
B12, folic acid, sodium, potassium, calcium, zinc, magnesium, phosphorus and iron
measurements according to preoperative measurements (p>0.05).

There was no statistically significant correlation between the postoperative 1st
month and postoperative 6th month weight loss percentages and the changes in vitamin
D, vitamin B12, folic acid, sodium, potassium, calcium, zinc, magnesium, phosphorus
and iron measurements (p>0.05). There was a positive correlation between vitamin B12
measurements (as percentage of weight loss increases, percentage changes in vitamin B12
also increase). Although this was not statistically significant, it was found to be close to
significance (r: 0.304; p = 0.054; p> 0.05).
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4. DISCUSSION and CONCLUSION

Study population consisted of 41 patients. %78 (n=32) of patients were female,
%22 (n=9) of patients were male. The age range of the patients in this study was between
18-58 years of age. The mean age for patients was 40.66+£11.10. When BMI values of the
patients included in the study were examined, the lowest value was calculated as 35.3
kg/m? and the highest value was 68.8 kg/m?2. The mean BMI for patients was 44,08+7,17
kg/m?2,

Even though many models are present to predict successful body weight loss or
absolute body weight after bariatric surgery no models are certain. Furthermore, models
which aim to predict minimal weight loss are limited. Even between these models, there
Is a lack of a standard determination of how to measure minimal weight loss (96).

We observed that patient BMI (kg/m?) values were 44.08 kg/m? at the beginning
and decreased to 30.23 kg/m? at 6th month after surgery. Mean change in BMI (kg/m?)
was 13,85 kg/m?. In a systematic review and meta analysis study, mean change in BMI
(kg/m?) at 6 months after SG surgery was -11.5(-8.8, -14.2). So the values were
approximately similar to our values (97).

Lee et al. (98) showed that changes in weight outcomes, mean values, at 6 months
after SG in the Medicare-eligible population (n=48); weight lost value is 23.5 kg, BMI
reduction is 7.8 kg/m?, percent weight loss is 18.5 (38). The results found in this study
are lower than our study.

Leonetti et al. (99) found that, compared to patients (n=30) receiving conventional
treatment with pharmaceutical agents and lifestyle modifications (diet and physical
activity), BMI loss in the LSG group was 13.5 kg/m? in 18 months compared to a mean
0.17 kg/m? increase in the conventional treatment group.

Vitamin B12, iron, folate, calcium and vitamin D are the most frequent nutritional
deficiencies after bariatric surgery. These deficiencies should be detected early and
treated to prevent postoperative complications (89,90). In our study results showed that
frequent follow-up and nutritional support are safe in patients with SG. On the other hand,
some investigators defend that SG is not malabsorptive procedure, thus is no need
nutritional supplementation for lifelong (100).

The mean value of vitamin D in our study was found to be 26.61 £ 21.26 ng / mL
in the preoperative measurement. This value is in the class of inadequacy according to

biochemical references. The 1st postoperative month mean value was measured as
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33.22420.05 ng/mL and the postoperative 3rd month mean value was measured as
40.324+17.60 ng/mL thus it reached the optimal level according to the preoperative period.
At the 6th month mean value was measured as 33.76+11.40 ng/mL. The values decreased
moderately at 6th month but did not reach the level of deficiency. Also, as result; there is
no correlation between change of vitamin D levels and percentage of weight loss value.
The optimization of vitamin D levels may be interpreted as the effect of weight loss or
supplementation. Daily vitamin D requirement depends on body weight, season and
sensitive sunlight. The recommended daily allowance (RDA) for Vitamin D according to
American Endocrine Society Vitamin D guideline values while 800-2000 IU / 20.0—
50.0ug in adults and seniors (1864 years), 1600—4000 1U / 40-100 pg in obese adults.
Related these changes may be considered to reduce the vitamin D requirement with
weight loss process (101).

Similar to the deficiency we observed in the preoperative measurements, there are
studies in which vitamin D deficiency is observed in obese patients who have not been
operated. A cross-sectional study in China showed a significant adverse association
between 25(OH)D levels and waist circumference and waist-to-hip ratio. Results showed
that adiposity was related to low 25(OH)D levels (77,102).

Studies suggest that the secondary hyperparathyroidism (SHPT) is due to vitamin
D deficiency, an independent relationship has been adduced between obesity and PTH
levels (103). In our study, changes in vitamin D and PTH levels showed opposite graphs.
Decreased PTH level was observed when vitamin D level is increased.

There is no correlation between change of vitamin B12 levels and percentage of
weight loss value. The mean value of vitamin B12 in our study was found to be
286.29+103.69 pg/ mL in the preoperative measurement. The 1st postoperative month
mean value was 428.34+130.77 pg/mL and the postoperative 3rd month mean value was
measured as 359,15+135,12 pg/mL. At the 6th month mean value was measured
311.49+121.26 pg/mL. There are no mean values under the biochemical range as
deficiency in any month in this study. ASMBS Integrated Health Nutritional Guidelines
reported that the prevalence of B12 deficiency is 2—18% in patients with obesity and the
prevalence of B12 deficiency post BS at 2-5 years is <20% in RYGB and 4-20% in SG
(92).

The mean value of Iron in our study was found to be 64.414+28.38 ng/dL in the
preoperative measurement. The 1st postoperative month mean value was 63.40+25.27

png/dL and the postoperative 3rd month mean value was measured 79.72+28.67 pg/dL.
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At the 6th month mean value was measured 81.82+32.57ug/dL. After the 1st month
measurements values increased. There are no mean values under the biochemical range
as deficiency in any month.

The iron must be converted into an absorbable form by hydrochloric acid in the
stomach (81, 104). Reduction of the amount of hydrochloric acid produced and the rapid
passage of nutrients from the stomach can make it difficult to absorb iron in the stomach
after LSG (15,105).

In a previous study (16), approximately 63% of the patients were reported to have
pre-operative deficiencies in either iron or zinc or water-soluble vitamins, and these
deficiencies were observed postoperatively as well. The given oral supplementation of
multivitamin was effective in about 30% of patients after operation.

In a study by Gregory et al. (106), Pre-LSG weight was positively correlated with
PTH (r = 0.19) and negatively correlated vitamin B12 (r=—0.15) (p<0.05). Post-LSG
weight was negatively correlated with 25-OH-D at 6, 12, and 18 months (r=—0.31,-0.32,
and —0.41, respectively) and calcium at 18 months (r = —0.24). PTH was positively
correlated with weight at 6months (r =0.19). All significant correlations were weak except
for the moderate associations with 25-OH-D.

Early gastric saturation after LSG and a stomach volume limited to approximately
15% of the actual capacity affect dietary intake (107). Although LSG does not primary
cause of malabsorption, adherence to the prescribed diet and multivitamin and mineral
supplements is a lifelong proposal.

The mean value of folic acid in our study was found to be 7.14+3.36 ng/mL in the
preoperative measurement. The 1st postoperative month mean value was 8.11+3.28
ng/mL and the postoperative 3rd month mean value was measured as 8.27+3.81 ng/mL.
At the 6th month mean value was measured as 8.754+5.03 ng/mL. Preoperative
measurement and postoperative 1st, 3rd and 6st month measurements of Folic acid were
evaluated and the change was not statistically significant (p>0.05). None of the mean
values were below the reference range.

In a study conducted with 200 people, 24% deficiency in folic acid measurement
was found before the operation. In the same study, 12.5 % deficiency and 6 % de novo
deficiency in folic acid measurements were found after 1 year of the operation (108).
When we evaluate our results; preoperative, postoperative 1st, postoperative 3rd and 6th
month deficiencies of folic acid measurements were respectively; 2.4%, 2.4%, 7.3% and

4.9%. In the results of correlation analysis according to percentages of weight loss, only
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folic acid change was significant in from preoperative to postoperative 1st month
measurement period. A negative correlation was found among weight loss and folic acid
values (r =-0.347, p=0.026).

In conclusion, the results of this study showed that weight loss and BMI decrease
were achieved expectedly when evaluated according to the literature. At the same time,
the glycemic improvement was observed in patients with additional measurements other
than vitamins and minerals. The triglyceride value decreased linearly for 6 months after
surgery. Although it is a restrictive procedure and tends to lose a lighter micronutrient
loss than malabsorptive interventions that cause changes in bowel absorption,
micronutrient deficiencies might be observed in SG as well. Known reasons for the
emergence of these deficiencies; increased oxidative stress and reduced nutrient intake
caused by gastric modification. It is essential to examine and evaluate the biochemistry
values after all bariatric surgical procedures. Detection and treatment of preoperative
deficiencies are very important to prevent get worse of these pre-existing deficiencies as
well. In this study, nutritional supplements recommended for patients have completed the
deficiency of micronutrients, except zinc mineral, were investigated, and vitamin D,
vitamin B12, folic acid, sodium, potassium, calcium, phosphorus, iron and magnesium
values were increased compared to preoperative measurements. This result reveals the
importance of periodic follow-up for patients undergoing SG. For the zinc element, the
deficiency was 2.4% before the operation, 22% for the first month, 29.3% for the 3rd
month and 41.5% for the 6th month. As observed in the measurements, the deficiency
gradually increased. Regarding this decrease in zinc value, patients may not be able to
use the recommended supplement correctly or the recommended dosage level may be
considered. This issue should be examined in detail in more comprehensive studies about
zinc.

Finally, a comprehensive statistical analysis is performed in this thesis.
Correlations between the change rate of all micronutrients and the percentage change in
weight loss are examined. The results showed significance for negative correlation in only
between the change in folic acid levels and the change in weight loss percentages from
preoperative to 1st month postoperative measurements. Folic acid levels were lower in
patients with high weight loss. Considering this result, folic acid supplementation may be
recommended more than the doses used in this period to eliminate the risks that may
occur in people who lose weight faster. According to this result, the relationship between

folic acid levels and weight loss percentages should be examined in more detail.
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