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Abstract

Obesity management options include a low-calorie diet, behavioral therapy, regular physical activity and pharma-
cological therapy. However, treatment failure is frequently encountered, most of these methods are ineffective, and
a positive outcome is rarely maintained in the long term. In morbidly obese patients, bariatric surgery is consid-
ered the most effective treatment for obesity as well as the accompanying diseases. Bariatric surgery promotes
much greater weight loss than conservative treatment, regardless of the applied surgical technique. Bariatric sur-
gery patients should receive professional perioperative (preoperative, intraoperative and postoperative) care from
a multidisciplinary team of specialists, including a bariatric surgeon, a general practitioner, a dietitian and a health
psychologist. Patients require postoperative nutritional counseling to be able to stabilize their weight and maintain
long-term weight loss after surgery. Patients are guided by bariatric dietitians through the process of adopting new

eating habits and behavior, learning how to make healthy food choices.
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Introduction

In recent years, bariatric surgery has become the
most effective weight loss therapy for moderately
and morbidly obese people [1, 2]. Conservative treat-
ment can induce the loss of 5-10% of body weight,
whereas bariatric surgery leads to weight loss of
50-60 kg, which delivers significant health benefits
[3]. Bariatric surgery has a noticeable effect on the
patients’ health, but significant weight loss and re-
duced food intake can lead to nutritional and vitamin
deficiencies [4]. For this reason, physicians and dieti-
cians play a very important role during perioperative
care and 6-12 months after surgery. Patients have to
be told about what is expected of them both before
and after the operation. They should be prepared for
the procedure and informed about the importance of
physical and mental wellbeing for further treatment.
During bariatric therapy, patients should remain in
the care of a team of specialists. The failure to ob-

serve bariatric recommendations, uncontrolled di-
etary supplementation or restrictive eating can lead
to serious health problems, metabolic dysfunctions,
and impaired absorption of nutrients and vitamins,
which prolongs the preparatory period for weight-loss
surgery [5]. After the operation, patients should work
with dieticians and physicians to develop new eating
habits and control their body weight. Regular consul-
tations with a dietician should be scheduled 1, 3, 6, 9
and 12 months after the surgery, and then once every
year. Unfortunately, consultations with a dietician are
not reimbursed by the Polish health insurance sys-
tem, and many patients have to pay for their visits.
Patients who do not consult a dietician are at much
greater risk of regaining the lost weight [6].

Preoperative assessment

The main aim of preoperative assessment is to
determine whether the patient fulfills the criteria
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for bariatric surgery. Patients are evaluated for con-
comitant health conditions based on the body mass
index (BMI) score, chronic diseases associated with
excessive body weight, and risk factors that can con-
tribute to disease and premature death.

The potential candidates for bariatric surgery are
persons with BMI higher than 40 kg/m? or BMI of 35—
40 kg/m? who have been diagnosed with concomi-
tant illnesses, in particular type 2 diabetes, lipid me-
tabolism disorders and ischemic heart disease [7]. In
2011, laparoscopic adjustable gastric bands (LAGB)
were approved for use by the Food and Drug Admin-
istration (FDA) in patients with BMI of 30-35 kg/
m?, but the inclusion criteria differ across countries.
In most cases, patients with the above BMI are quali-
fied for LAGB if they suffer from diabetes [8]. Accord-
ing to recent research, surgical treatment of diabetic
patients should be a priority because it reduces the
overall treatment costs [9, 10]. Bariatric surgery can
also deliver health benefits for patients suffering
from degenerative joint disease, sleep apnea, gastro-
esophageal reflux, non-alcoholic fatty liver diseases,
hypoventilation syndrome and asthma [11, 12].

A detailed dietary assessment is an important step
in the process of determining a patient’s eligibility for
bariatric surgery. During the assessment, a dietician
obtains information about the patient’s eating habits
and previous attempts to lose weight. The patient is
also screened for diseases that could increase periop-
erative risk as well as behaviors that could complicate
postoperative recovery, in particular:

* lack of appropriate medical care,
e inability to remain in postoperative care for

a long period of time,
 limited mobility and functional abilities, lack of

long-term support from family or friends,
 alcohol or drug dependence,

e sudden, life-threatening illnesses,
* autoimmune diseases.

The exclusion criteria for bariatric surgery include
personality disorders, severe depression and psychi-
atric disorders, but in some circumstances, patients
may be admitted for surgery upon the recommen-
dation of a psychiatrist who has experience in treat-
ing obese patients. Other concomitant diseases that
may complicate surgery include celiac disease and
inflammatory bowel disease, because postoperative
complications such as deep vein thrombosis (DVT)
[13] and pulmonary embolism (PE) significantly in-
crease the risk of death in those patients. Celiac dis-
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ease also impairs nutrient absorption, which can lead
to malnutrition, iron deficiency anemia, vitamin B
and folic acid deficiency, and vitamin K-dependent
clotting factor deficiency [14, 15].

Bariatric patients have to be aware that weight
loss is a long process that could require pharma-
cological therapy. Some patients, in particular
those undergoing Roux-en-Y gastric bypass surgery
(RYGB), have to avoid non-steroidal anti-inflamma-
tory drugs, which increase the risk of gastric and je-
junal ulcers [16, 17].

Preoperative assessment should support the
identification of habits and behaviors that could
increase the risk of perioperative and postopera-
tive complications. Smoking delays convalescence,
contributes to stomatal ulceration and increases
the risk of death [18]. The psychological profiles of
bariatric surgery candidates range from depression,
anxiety and fear of being alone to social anxiety and
fear of social rejection [19]. Many bariatric patients
lose up to 60% of excess weight in 1 year, which
could be a traumatic experience. Patients who are
emotional eaters should receive special care [5]. In
Boniecka’s research stress was found to be one of
the most frequent causes of eating between meals,
and moreover a large part of the patients reported
an increase in appetite due to stressful situations
[20]. Regular medical checkups before and after sur-
gery as well as family support are essential because
dramatic weight loss is a life-changing experience.

Dietary management

Patients considering bariatric surgery should
be able to consult a dietician before the operation.
During the consultation, patients are provided with
information about the dietary regimen throughout
the weight loss process. Consultations take place
individually or in groups, and patients learn about
postoperative options as well as the challenges they
will face and the sacrifices they will have to make
after the procedure. Patients have to be aware that
the preoperative diet could save their lives, and they
should be ready to embark on the prescribed dietary
regimen as soon as possible. Weight loss surgery
changes the way patients experience hunger and
satiety, but it does not change their environment.
Patients need to realize that they will face the same
temptations after surgery; therefore, they need new
methods and tools for overcoming self-defeating be-
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haviors. Patients will have to learn how to shop for
food immediately after the operation and in the fu-
ture. Dietary consultations should begin a minimum
of 6 weeks before the operation; they should be
based on a detailed assessment and the results of
blood tests and glucose tolerance tests. A dietician
will evaluate the patient’s attitude towards future
changes and his or her motivation, and will set re-
alistic goals for the future [21]. The patient should
also be provided with a set of weight-management
benchmarks for controlling his/her diet and lifestyle.
Patients are advised to eat regular meals (at least
4 during the day), plan food purchases in advance
and prepare low-calorie meals. A 1000 kcal diet is
recommended over a period of 4 weeks to enable
the patient to adjust to the postoperative reduction
in the quantity and quality of consumed food. Pa-
tients should eat breakfast within 1 h of waking and
subsequent meals every 3—4 h. They should learn
new cooking techniques to reduce the content of fat
and aromatic hydrocarbons in meals [22]. To prepare
for the postoperative diet, patients should always
eat meals at the table, fully focus on the meal, cut
their food into small chunks, chew food for longer
and refrain from drinking liquids during the meal
[23]. They may be prescribed orlistat (3 tablets daily
before main meals) to speed up preoperative weight
loss [24, 25].

Morbidly obese patients have very low levels of
physical activity. Many of them find it difficult to
exercise due to joint pain, respiratory problems and
very low fitness levels. According to observations,
physical activity speeds up convalescence, which is
why patients should be encouraged to undertake
some form of physical activity before bariatric sur-
gery [26].

In some bariatric clinics, patients have to meet
specific requirements to qualify for surgery. Patients
may be required to reduce their body weight by
5-10%. Preoperative weight loss decreases the risk
of surgical complications, but its positive effect on
long-term postoperative outcome has not been sci-
entifically confirmed [13, 27].

Obesity may lead to nutritional deficiencies;
therefore, surgery candidates should undergo nu-
trient panel blood tests. They should be particularly
screened for iron (total iron binding capacity (TIBC),
ferritin and transferrin levels), folic acid (in particu-
lar in women of reproductive age; however, female
patients should wait 18-24 months after surgery
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before getting pregnant), vitamin B,,, thiamine (vi-
tamin B,), vitamin D and calcium levels. Anemia was
found amongst 10-22% pre-operatively [28]. This is
most likely due to the fact that the diets of obese pa-
tients are calorie-dense, high in carbohydrates and
fats, and low in vitamins and minerals.

Nutritional deficiencies should be addressed be-
fore surgery because the relevant risk increases sig-
nificantly after the operation. A retrospective study
of patients qualified for RYGB surgery revealed iron
deficiency in 44% of the subjects, thiamine deficien-
¢y in 29%, and vitamin D deficiency in 68% [29]. The
diets of patients suffering from nutritional deficien-
cies should be supplemented. According to practical
experience, an oral vitamin B,, supplement adminis-
tered in a daily dose of 350 pg offers effective treat-
ment for most patients [30, 31].

Assessment of the risk of malnutrition should
be done before bariatric surgery. Calcium, albumin,
iron, zinc, magnesium, phosphorus, folic acid and vi-
tamin B,, and D levels must be assessed as part of
the preoperative routine evaluation [32].

Surgical techniques and diet modification

Laparoscopic gastric banding (LGB) is the least
invasive surgical technique and does not require
gastric incisions or removal and rerouting of the
intestines [33]. This type of surgery generally leads
to the loss of 55-60% of excessive weight. It does
not impair nutrient absorption, which eliminates the
need for vitamin and mineral supplementation after
the operation. After LGB surgery, patients have to
learn to eat slowly and chew their food for longer to
avoid vomiting after meals [34].

Roux-en-Y gastric bypass is a standard technique
in bariatric surgery. The smaller stomach is connect-
ed directly to the jejunum, and ingested food by-
passes the duodenum, which significantly reduces
the surface area for absorption. This technique is
highly effective for weight loss, but malabsorption
can lead to nutritional and vitamin deficiencies. For
this reason, RYGB patients should be regularly moni-
tored and prescribed dietary supplements [35].

Sleeve gastrectomy (SG) is a new and increas-
ingly popular surgical technique in bariatric treat-
ment [36]. The volume of the stomach is reduced
by around 70-80% to 100-150 ml, which forces the
patient to significantly limit his/her food intake. The
procedure does not affect the intestines, so dietary
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supplementation is not required, with the exception
of B-group vitamins (in particular B, and B,,) [37].
Laparoscopic sleeve gastrectomy increased signifi-
cantly from 2009 to 2014 (+42.9%), and at present
it represents the most popular bariatric procedure
performed in Poland [38].

Postoperative dietary guidelines

Patients should be aware that bariatric surgery
alone without a suitable diet or physical activity
will not lead to sustained weight loss [39]. Dietary
guidelines are similar for all types of bariatric sur-
gery, and modifications are introduced subject to
individual need. After the operation, patients should
eat a low-calorie and protein-rich diet, choose foods
with the right volume and consistency, and drink the
appropriate amount of fluids [40]. The right diet will
enable patients to avoid unpleasant sensations af-
ter surgery, such as stomach cramps, vomiting, diar-
rhea, constipation, dumping syndrome and gastro-
esophageal reflux.

After bariatric surgery, the new diet should be in-
troduced in 5 stages:

e liquid diet,

« fortified liquid diet,

» easily digestible soft diet,
e easily digestible solid diet,
e low-calorie diet.

In the first 6-8 weeks after surgery, a more re-
strictive diet should be followed to promote healing
of surgical wounds and enable the gastric tract to
accommodate to the changes. Energy and nutrient
intake should be balanced to prevent the loss of lean
body mass and speed up wound healing [40]. A lig-
uid neutral and sugar-free diet should be followed
in the first 3 days after surgery, and nutritional lig-
uids should be introduced in the following days [41].
A part of the liquid diet can be administered intrave-
nously, and orally administered fluids should be lim-
ited to tolerable amounts, beginning with 15-30 m|,
and gradually increasing the daily intake to 1500 ml.
Liquids should administered in small amounts, and
patients should avoid drinking through a straw,
which causes excess air in the stomach. Liquids
should be lukewarm, preferably at body tempera-
ture, to avoid irritation of the gastrointestinal mu-
cosa [42]. Three to seven days after surgery, daily
liquid intake can be increased to 1900 ml. Liquids
should be consumed 30 min before or 30-60 min
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after a meal [40, 42] to prevent the dumping syn-
drome. The dumping syndrome is observed mainly
in RYGB patients, and less frequently in SG patients.
High-risk patients should be identified before the
surgery [43].

The refeeding syndrome increases insulin se-
cretion, decreases glucagon production, disturbs
protein synthesis and decreases phosphorus, po-
tassium and magnesium levels in the blood serum.
Electrolyte imbalance can be a life-threatening con-
dition during postoperative care [44], and early diag-
nosis minimizes the risk of death [45].

The postoperative diet is planned individually,
subject to the patient’s nutritional requirements
and tolerance levels. Nutritional liquids should be
introduced in the first week after surgery, including
skimmed milk, soy milk, skimmed natural yogurt
and blended soups based on lean poultry and veg-
etable stock (carrot, parsley, celery). Liquids can be
fortified with soy protein isolate or whey protein
powder at up to 20 g per serving [40]. This option
is particularly recommended for patients suffering
from lactose intolerance who are at higher risk of
protein deficiency. The liquid diet should be main-
tained for 2 weeks after the operation. In successive
weeks, liquids should be gradually replaced with soft
foods consisting of ground low-fat and high-protein
products such as eggs, fish, poultry, lean meat, low-
fat cottage cheese or boiled beans [40, 46].

Vegetables can be gradually introduced if the
diet is well tolerated by the patient. Food should
be chewed for longer, and it should be divided into
small portions (around 1/4 cup) served 5-6 times
a day. The dietician should monitor the patient’s dai-
ly protein intake. The diet should be rich in whole-
some protein in a minimum daily amount of 60 g
[40]. Gastric bypass surgery increases protein de-
mand by 30%, and daily protein intake should reach
around 120 g [23]. Four to 6 weeks after the oper-
ation, boiled soft vegetables and soft, peeled fruit
may be introduced. Fruit should be served as juice
diluted with water or in purée form. The number of
meals per day remains the same, but portion size is
increased to 1/2 cup. Protein intake is increased to
60-80 g/day. In the first months after surgery, pa-
tients are advised to avoid foods that are not easily
digestible, including red meat, chicken, turkey, prod-
ucts made with white flour, foods with high sugar
and high fat content, raw fruits and vegetables with
high fiber content [40].
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Patients should receive detailed dietary guide-
lines from the dietician to ensure that the weight-
loss process is successful. In successive months af-
ter the operation, portions should still be small, and
daily protein intake should not be less than 60 g.
Liquids should be consumed 30 min before or
30-60 min after a meal. Meals should be eaten reg-
ularly, in a quiet atmosphere, and food should be
chewed for longer. Two months after the procedure,
portion size can be increased to 150 ml per meal,
daily protein intake should be 60-80 g, and dai-
ly liquid intake should be 1500-1900 ml [23, 47].
The intake of high-energy products should be re-
duced to 700-900 kcal per day in the first few
months after surgery. In successive months, daily
energy intake should be adjusted to the patient’s
age, height and weight, and it usually ranges from
1000 to 1200 kcal [46]. Patients should drink at
least 1500 ml of fluids per day. The recommended
beverages include water, weak tea, chamomile and
mint tea. Alcohol, carbonated drinks, sweetened
beverages, fruit and vegetable juice can promote
indigestion and should be avoided in the first year
after surgery [40].

In the USA and other countries where bariatric
surgery is the leading type of obesity treatment,
a food pyramid has been designed for patients
[48, 49]. Dietary recommendations are presented
in graphic form, and the pyramid helps patients to
make the right food choices and adjust their portion
size. The pyramid includes physical activity which
contributes to weight loss.

Postoperative supplementation

Bariatric patients should be prescribed vita-
min and mineral supplements to avoid the risk of
nutritional deficiencies. The recommended dose is
1 tablet taken twice a day. Liquid or chewable sup-
plements are preferred [50].

The following supplementation regimen is rec-
ommended as of the third day after surgery:
 calcium (calcium citrate) at 1200-1500 mg/day,
» vitamin D, at 1000-2000 |U/day,

» vitamin B,, at 500 mg/day for oral supplements
or 1000 mg/month for intramuscular injections.
Dietary supplements containing folic acid (400 mg/

day) and elemental iron (65-80 mg/day), prefera-

bly with vitamin C, are also recommended. Routine
administration of folic acid, vitamin B,, and iron is
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not required in patients who have undergone lap-
band surgery [51].

According to observations, bariatric patients in-
crease their intake of vitamin, mineral and iron sup-
plements in line with dietary recommendations [52].
However, a study of RYGB surgery patients, conduct-
ed 12 months after the procedure, revealed very low
levels of hemoglobin, ferritin, zinc and vitamin B,,,
and increased plasma C-reactive protein levels [53].
Thirty-six months after the procedure, around 15%
of patients using multiple supplements were diag-
nosed with ferritin and vitamin B,, deficiency as well
as anemia [54]. Folic acid deficiency and high homo-
cysteine levels were also reported [55].

The influence of bariatric surgery on bone
metabolism

Obesity is an independent risk factor for vitamin D
deficiency. Calcium deficiency and elevated para-
thormone (PTH) levels are also frequently reported
in bariatric surgery candidates. A study of 279 mor-
bidly obese subjects who were candidates for gastric
bypass surgery was conducted to address the above
concerns. Blood samples were analyzed to deter-
mine the serum concentrations of 25(0OH)D, calcium,
alkaline phosphatase (AP), intact PTH and 1,25-di-
hydroxyvitamin D. Calcium and AP serum levels
were within the norm in 88% of the subjects. Vita-
min D deficiency (serum 25-hydroxyvitamin D levels
< 20 ng/ml) was reported in 60% of the patients,
and elevated PTH levels were found in 48% of the
subjects [56]. According to most studies, vitamin D
supplements administered at 1000-5000 IU/day
effectively increase 25(0H)D levels above 30 ng/ml
[57], but they may not be sufficient in patients with
elevated serum PTH levels [58].

Research has also demonstrated that vitamin D,
supplements induce a smaller increase in serum
25(0OH)D levels in obese subjects than in persons
with a healthy body weight, which suggests that
the hydroxylation of vitamin D to 25(0OH)D is com-
promised in the liver of obese patients [59]. Mineral
deficiencies increased with time after bariatric sur-
gery. Calcium deficiency was noted in 10-25% of the
patients 2 years after the procedure and in 25-48%
of the subjects 4 years after the surgery. Deficiency
of 25(0H)D, was reported in 17-52% of the patients
in the first 2 years and in 50-63% of the subjects
4 years after the procedure [55]. The progressing
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deterioration in bone metabolism after bariatric
surgery is caused by several factors [60], including
decreased nutrient absorption. Pharmacological
treatment administered for preventive purposes and
to treat associated conditions, such as ulceration at
the site of gastrojejunal anastomosis, can also com-
promise nutrient absorption and bone health. Rapid
weight loss in itself is a risk factor that can impair
bone metabolism. The patients’ diet should be care-
fully planned to prevent nutritional deficiencies, and
bisphosphonate treatment may be required in some
cases. According to a meta-analysis of recent studies,
bariatric surgery may contribute to a deficiency of
calcium and fat-soluble vitamins, mainly vitamin D,
which is a risk factor for osteopenia and osteoporo-
sis [61].

Postoperative challenges

The most rapid weight loss is observed in the
first 6 months after surgery, and it can last up to
18 months. Dietary guidelines for bariatric patients
have to be formulated with great caution to ensure
that they are not demotivating and do not lead to
malnutrition [18].

During dietary consultations, patients should
be encouraged to analyze the influence of cultural
factors, financial concerns, lifestyle choices and per-
sonal preferences on their diets. Meals should be
nutritionally balanced and should be composed of
lean meat, fruit, vegetables and whole grain prod-
ucts. Patients who opt for a vegetarian diet should
learn how to replace meat with plant-based foods.

Patients have to be adequately motivated to
ensure that they are not discouraged when they
suddenly stop losing weight. According to postoper-
ative statistics, less than 5% of patients lose 100%
of excessive weight, and their body mass increases
by around 20-25% ten years after surgery. Patients
should be provided with detailed information about
all stages of the weight loss process, which will en-
able them to prepare mentally for the necessary
changes in their dietary habits. It should be noted
that nutritional deficiencies can follow not only from
the failure to follow the prescribed diet, but also
from a highly restrictive approach to dieting [62, 63].

Gastric resection and gastric bypass surgery re-
duce hunger and increase satiety. Patients have to
learn to listen to their own bodies and restrict the
amount of food that can be accommodated by the
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new stomach size. Eating regular meals in the right
proportions and in a quiet atmosphere is crucial
for sustained weight maintenance. Patients should
remain in long-term postoperative care to develop
new eating habits, adopt a healthy life style and be-
come physically active. According to recent research,
the patients’ quality of life improves after bariatric
surgery. These changes are experienced immediately
after the procedure, and they are most visible in the
first year after the operation. The patients’ quality of
life does not deteriorate in successive years, but it
continues to be somewhat lower in comparison with
non-obese subjects [64].

Rapid and sustained weight loss contributes to
an improvement in mental wellbeing. Patients find
it easier to cope with the demands of daily life, they
no longer require assistance, and they can begin to
exercise and become more physically active, which
visibly improves their quality of life. Bariatric sur-
gery can reverse some diseases linked with obesity,
including diabetes, sleep apnea and hypertension,
which improves the patients’ daily wellbeing and
prolongs their life expectancy [65].

Unfortunately, some bariatric patients do not
experience an improvement in their quality of life
despite ongoing treatment and weight loss. The
above could result from postoperative complications
such as gastroesophageal reflux [66], depression or
lack of professional medical care, including dietary
advice [67]. Patients’ mental health should be reg-
ularly monitored, because morbid obesity often re-
sults from the subjects’ inability to cope with daily
life. Bariatric surgery can change the patients’ ex-
ternal appearance, but additional work is required
to promote positive psychological change. For this
reason, counseling support is essential throughout
the entire weight loss process. Patients who fail to
cope with mental issues and are not provided with
dietary guidance are at much higher risk of laps-
ing back into their old eating habits. According to
research, the above affects around 5% of bariatric
patients [68].

Conclusions

Bariatric surgery is the most effective weight loss
treatment in morbidly obese patients, but it may
lead to complications and undesirable side effects.
Non-invasive surgical methods are safer and more
effective than traditional open surgery. Modern
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bariatric surgery relies mainly on laparoscopic tech-
niques, which are characterized by reduced postop-
erative pain, shorter hospitalization, faster recovery
and an improved esthetic outcome. Early outcomes
of laparoscopic vertical banded gastroplasty point
to a significant decrease in the incidence of periop-
erative complications in comparison with open sur-
gery that leads to similar weight loss. Dieticians play
a very important role in preparing patients for the
operation and providing them with support after
the surgery. A balanced diet is the key to successful
weight loss in all stages of treatment. Bariatric pa-
tients should receive comprehensive care at a min-
imum from 6 months before to 24-36 months after
surgery. The medical team should comprise an en-
docrinologist, a surgeon, a dietician and a psychol-
ogist. Patients who receive comprehensive medical
treatment and personalized dietary guidelines lose
weight faster and experience greater improvement
in their quality of life.
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