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Abstract

The effect of obesity on the onset and spread of inflammatory pathways is
tremendous. Gastric bypass surgery has continued to be a very effective measure to
reduce morbid obesity. The main aim of this study was to determine the level of
circulating tumour necrosis factor C -alpha (TNF-a) and C-reactive protein (CRP),
and interleukin-10 (IL-10) in the morbidly obese patients before and after surgery.
Twenty-two participants were the cohort which was followed over a period of
twelve months. The plasma levels of TNF-a, CRP, and IL-10, and body mass index,
lipid profiles were measured; all parameters showed a steady decrease during the
period of observation. One month after surgery, IL-10 levels significantly increased
to 968.8 = 171.8 pg/mL, while TNF-o levels significantly decreased to 158.8 +
38.18 pg/mL. CRP levels were 1.36 + 0.88 mg/dL post-surgery. Overall, it can be
concluded that the study yielded statistically significant decreases in patient BMI,
with significant changes in biochemical parameters with positive results in
cytokines.

Keywords: Bariatric Surgery patients, C-Reactive Protein, Immunomodulatory
nutrients, Interleukin-10, and Tumor Necrosis Factor Alpha.
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1. Introduction

Obesity is explained as the surplus build up of fat tissue that is caused by a continued
positive energy balance. Its pathogenesis is complex, as it is a mix of environmental and
genetic factors. The factual evidence has reported that plus to overeating of calories and
genetic predisposition, a sedentary lifestyle is the leading cause of obesity [1-3]. Obesity
epidemic is a significant health problem to the Indian population and similar tendencies are
evident all over the world. This has increased the incidence of Type 2 diabetes mellitus,
dyslipidaemia and hypertension and hence morbidity and mortality related to the metabolic
conditions [2]. Recently research has linked these comorbidities to a systemic inflammatory
state commonly found in obese patients [3]._ Therefore, bariatric surgery is being explore as a
therapeutic option to determine its effects on the decrease in serum levels of pro-
inflammatory cytokines such as TNF-a and the increase in anti-inflammatory factors such as
IL-10, in patients with morbid obesity [4, 5]. Nutrition cannot be neglected to regulate the
caloric intake and mitigate the nutritional shortages; the modern studies confirm that nutrition
plays a crucial role in the management of perioperative period. However, the high rates of
deficiencies and comorbidities related to obesity (that arise before the surgery) place the
patients in a group of individuals with increased risks. This increased susceptibility is largely
explained by the fact that there is a loss of a section of the gastrointestinal tract which is an
anatomical change that initiates an observable reduction in immune competence [6].

Obesity has become a serious worrying epidemic especially affecting the younger
generations. In addition to the widespread impact on the overall health, obesity in these
cohorts has been empirically linked with the dysregulation of blood pressure, hyperlipidemia,
and hyperinsulinemia, thus increasing the risk of developing such conditions as type 2
diabetes mellitus and coronary artery disease. Some bariatric surgical procedures address
these metabolic effects by eliminating the gastric portion responsible for producing ghrelin, a
hormone that regulates hunger and metabolism. By lowering ghrelin levels, these surgeries
can help mitigate some of the metabolic consequences of obesity. The areas with the highest
rate of overweight and obesity are urban, compared to rural areas. This high incidence of
overweight and obesity has led to the main causes of death in India being associated with
cardiovascular problems and DM2, accounting for 17.9 million deaths annually and
representing 31% of all global fatalities [7].

Obesity, incredibly visceral or central obesity, is the result of a combination of
environmental, nutritional and social factors such as high-calorie, low-fibre diets, sedentary
lifestyle and low awareness of this problem, leading to a lethal combination of obesity and
insulin resistance, which generates devastating metabolic and biochemical alterations in
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different organs and systems of the human body [8]. Adipose tissue has an extremely
important implication, mainly due to its endocrine functions in inducing the synthesis of
signalling proteins known as adipokines [9-11] (e.g: leptin and adiponectin), and various
inflammatory factors such as Tumor Necrosis Factor a (TNF-a), Interleukins (IL) 1P, IL-6,
IL-18, tissue plasminogen activator inhibitor, as well as C-Reactive Protein (CRP) [12].
Various studies have strongly suggested that these factors could generate a pro-inflammatory
and prothrombotic state in obese patients [13-14].

TNF-a has been detected 5 to 10 times higher in obese subjects and animals when compared
to controls [15-18]. In in vivo studies, the expression of TNF-a has been associated with
catabolic states that cause a wasting syndrome called cachexia [19-21]

In animal models [21-22], low serum levels of this cytokine are related to an exaggerated
immune response to the antigen with excessive inflammation and tissue damage. In humans,
low IL-10 levels are associated with the severity of various types of diseases. The action of
IL-10 is to attenuate the inflammatory process induced by TNF-a, IL-6 and IL-1. Low levels
of IL-10 have recently been associated with metabolic syndrome and DM2 [21-24]. There are
various approaches to achieve weight reduction in patients with morbid obesity (>40 kg/m?)
[25]. These include dietary and pharmacological strategies [26]. However, when other
approaches fail, surgical strategies such as bariatric surgery exist. For over 40 years, bariatric
surgery has proved to be a successful method, continuously refined through extensive
experience and research. It carries a low risk of complications and helps patients maintain
weight loss for a longer duration. The procedure typically requires a shorter hospital stay of
2-3 days compared to 5-8 days and is less invasive when performed laparoscopically. The
benefits in these patients are due to the significant weight loss that affects capillary glycemia
levels, insulin resistance, inflammatory cytokines and increased anti-inflammatory cytokines.
However, certain mechanisms are not fully understood. The indications for subjecting a
patient to bariatric surgery are Body Mass Index (BMI) >40Kg/m? or BMI >35 Kg/m?
associated with medical complications such as DM2 and metabolic complications related to
obesity, dyslipidaemias, etc. [27]. Adequate nutrition is essential in modulating this immunity.
Some foods have protective functions for our body and can increase the response of our
defence system [28]. Foods that are sources of polyunsaturated fatty acids such as omega-3,
vitamins such as A, C, D and E, minerals such as zinc and iron, proteins, probiotic
microorganisms and prebiotic fibres can strengthen immunity [29]. With the above discussion,
the question raised is: Does gastric bypass surgery reduce inflammatory cytokine levels and
increase anti-inflammatory cytokine levels in morbidly obese patients?

The present study aimed to evaluate the effects of immunomodulatory nutrients and the
serum levels of TNF-0, CRP, and IL-10 in patients with morbid obesity before undergoing
gastric bypass surgery, as well as at 1, 2, 6, and 12 months postoperatively, at NRI Medical
College, Mangalagiri, Andhra Pradesh, India.

2. Methodology

This is an exploratory, qualitative, cross-sectional, population-based, and descriptive
research. Data were obtained through an online questionnaire with nutritional questions about
the patient's and bariatric surgery's particularities, about the intake of immunomodulatory
nutrients and identification data such as age, sex and anthropometric data such as current
weight, pre-surgical weight, and pre-surgical and current BMI calculated through information
obtained by the questionnaire [30].
Patients who attended the obesity clinic at NRI Medical College, Mangalagiri, Andhra
Pradesh, India, were included in the study. Post-surgical assessments were conducted at the
first, second, sixth, and twelfth months. At each appointment, the following measurements
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and tests were performed: BMI, waist circumference, blood chemistry, complete blood count,
postprandial glucose, glycosylated haemoglobin Alc, lipid profile, and levels of TNF-a, CRP,
and IL-10. Variables studied in the current observational study are serum levels of pro-
inflammatory factors TNF-a, CRP, and anti-inflammatory IL-10 as Dependent Variables, and
the Independent Variable are gastric bypass surgery in morbidly obese patients.

2.1 Characteristics of Patients

The sample selected for convenience and included all patients who visited the obesity
clinic at the NRI Medical College, Mangalagiri, Andhra Pradesh, India, from March 2022 to
December 2022 were included, with a total of 22 patients.
The study included patients with morbid obesity or grade 3 obesity, along with other co-
morbidities, consisting of 22 participants, 17 men and 5 women. The average age of the
participants was 42 years, ranging from 19 to 58. The current study excludes patients who did
not sign the consent form for participation, pregnant or lactating individuals, those whose
bariatric surgery was cancelled due to comorbidities or elevated surgical risk, and patients
who died during the protocol implementation were excluded from the current study.
Once the patient was selected to participate in the protocol, a clinical record is made, which
includes a complete clinical history. Anthropometric evaluation, preoperative laboratory tests,
Complete blood count, Liver function tests, Coagulation times, Hb1Ac, Serum levels of TNF-
a, CRP and IL-10, Blood chemistry, and other clinical profiles were tested before and after
surgery at 1-, 2-, 6- and 12-months period.
To obtain the samples, 10 mL of blood was taken from a peripheral vein from each patient
after 8-12 hours of fasting. Serum was obtained from each sample and analysed in the
laboratory using conventional methods on automated equipment with radioimmunoassay
techniques.
The levels of IL-10, TNF-a and CRP, in each sample, were determined using sandwich
ELISA kits from PathScan Chemiluminescent (Cell Signal, Boston, MA, USA).

2.2 Assessment of the consumption of immunomodulatory nutrients

The consumption of immune-modulating nutrients was assessed through a digital
questionnaire with questions about nutritional particularities adopted after bariatric surgery,
type of surgical procedure, whether the patient had ever taken supplements with any immune-
modulating nutrients, and signs and symptoms of some nutritional deficiencies.

A survey was designed based on work of Amaral E Melo GR et al. (2020) [31],
incorporating questions about individuals' dietary habits and nutritional status. It was
modified to include online questions focused on immune modulation. The questionnaires
were scored based on the signs and symptoms in the body and served as screening for
possible hypermeabilities. They are scored from 0 to 3 points, where 0 - symptom/rarely
present; 1 - mild/occasional symptom; 2 - moderate/frequent symptom; 3 - severe/very
frequent symptom, and interpreted according to the classification in Table 1.
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Table 1: Interpretation for classification of Intestinal Hypermeability
Questions
Pre-surgical weight
What surgical technique was used?
How many Liters or glasses of water do you usually drink per day?
Dark green leafy vegetables (kale, taro, mustard, watercress, chard...)
Tubers (manioc, potato, yam...)
Orange fruits and vegetables (pumpkin, mango, carrot, papaya...)
Eggs
Corn, sunflower, and soybean oil
Olive oil
Oilseeds (nuts, cashews, almonds)
Milk
Milk products (cheese, butter, yogurt...)
Citrus fruits (e.g.: orange, passion fruit, acerola, kiwi, lemon...)
Do you consume any of the following items?
Do you have difficulty seeing in low-light environments, dry skin, or dry eyes?
Do you have problems with poor wound healing, hair loss, and weak nails? Do you have weak bones or
muscle pain?
Do you have skin spots, inflammation and frequent bleeding gums?
Do you have frequent inflammation or infections?
Do you have dizziness, irritation, fatigue, shortness of breath and loss of appetite?
Do you have regular bowel movements?
Did you feel any improvement in your immunity after surgery?

2.3 Anthropometric Data Collection and Classification

Anthropometric information was collected using a digital questionnaire, which obtained
data such as pre-surgical weight, current weight, height, and pre-surgical and current BMI.
These were calculated from the information acquired and classified according to the cutoff
points presented in Table 2.

Table 2: Cut-off point for BMI classification for adults [32]

BMI (kg/m?) Classification Grade Obesity/Class Risk of disease
<18.5 Skinny or Low Weight 0 Normal or high
18.5-24.9 Normal or eutrophic 0 Normal
25-29.9 Overweight or pre-obese 0 Little elevated
30-34.9 Obesity I High
35-39.9 Obesity 11 Very High
> 40 Obesity 11 Serious

2.4 Data collection and analysis of results

The data were presented in absolute and relative frequency; this information refers to
issues related to the modulation of immunity through nutrients, patient characteristics and
intestinal hypermobility. Personal and anthropometric data were collected using mean and
standard deviation with the help of Microsoft Office Excel 2019 software and SPSS software.

3. Results

Table 3 or Figure 1 displays the mean + SD of CRP levels. The first column represents the
CRP values before surgery (4.88 = 1.85). The second column shows the CRP levels one
month post-surgery (1.36 + 0.88), indicating a significant decrease from baseline. Subsequent
measurements at two months (1.03 + 0.73), six months (0.97 + 0.65), and twelve months
(0.78 £ 0.31) demonstrate that the lowered CRP levels were maintained over the follow-up
period.
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The first column presents the TNF-a levels before surgery. Post-surgery measurements
were taken at one month, showing a significant reduction, which was sustained in the
following months: two months, six months, and finally at twelve months (Figure 2).
Table 3 or Figure 3 presents the mean + SD values of IL-10 levels in pre-surgical and post-
surgical patients. The first column shows the IL-10 levels before surgery. The second column
represents the levels one month after bypass surgery, significantly increasing to 968.8 £ 171.8.
The third column shows the IL-10 levels two months post-surgery, rising to 1046.3 + 139.9.
The fourth and fifth columns display measurements at six months and twelve months post-
surgery, with levels maintained throughout this period
Table 3 shows the evolution of morbidly obese patients who underwent bypass surgery. Pre-
surgical and post-surgical follow-ups are at 1 month, 2 months, 6 months, and 12 months. The
anthropometric variables BMI and waist circumference showed the following behaviour with
significant improvement, which was expected. Still, it should be noted that these patients
maintained BMI and circumference over 12 months and that they are related to the levels of
CRP, TNF-a decreased and increased proportionally with the levels of IL-10 when compared
with the anthropometric variables. Regarding glucose, postprandial glucose, triglycerides,
total cholesterol, HDL and LDL, it revealed a significant decrease in the same way when
TNF-a, CRP and IL-10 are re-evaluated, attributing that this weight loss through this method
improves the metabolic situation and is sustained. There were variables such as systemic
blood pressure and glycosylated haemoglobin, without showing significant changes.

Table 3: Comparison of patients' variables before and after surgery

Pre-Surgery Post-Surgery
Parameters Pre-Surgery 1-month 2-months 6-months 12-months  p-Value
BMI (Kg/m?) 45434792 38.76+829  3433+586  32.55¢4.88  30.44+5.58  0.001
BP SYST (mmHg) 122.5+13.99 117.25412.55 113.6249.22  108+19.69  119.4424.48  0.015
BP DIA (mmHg) 80+8.16 73.624528 71754549  70.12+14.93  66.2+1444  0.01
C waist size (cm)  126.3+19.78 116.75+16.82  109.5+6.01  98.37+9.57  99.248.04  0.002
LA SIS 96.649.44  88.25+9.09 88+7.38 86.37+4.77 85+4.74  0.023
(mg/dL)
Postprandial
glucose (PPG)  94.1+15.92  87.5£16.69  78.5+7.46  73.25+12.65  62+10.83  0.014
(mg/dL)
Triglycerides 17517805 1220244388 1122562275  106:31.64  105£6.78 0.03
(mg/dL)
T"ta(lrglglj’éis)terd 182422.87  156.37+30.92 160.62+18.60 156.12+21.38 166.8£19.13  0.018
HDL cholesterol 4 7.0 51 3513:11.08  42.5:1448  5025:18.07 67244007  0.04
(mg/dL)
Glycosylated
haemoglobin 4.63£0.77  4.64+1.01 4.40+1.22 5.19£1.08  5.40+£0.29  0.034
(HbAlc %)
C-reactive protein
(CRP) (migdl) 88185 1.49+0.94 1.30+0.82 0.85£0.57  0.78+0.31  0.0007
TNF-alpha Protein
o) 303.7466.59  158.8+38.18  119.16+14.59  116+22.15  120+13.45  0.0003
I“terllg‘;lz;“é/g (L= 687151123 968.84+171.8 1046.3£139.9 1137.2484.02 1097.5£99.6  0.0001
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Figure 1: Significant decrease in CRP levels in patients undergoing bariatric surgery
compared to baseline and follow-up up to twelve months.
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Figure 2: TNF-a levels before surgery and at 1, 2, 6, and 12 months
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Figure 3: IL-10 levels before surgery and at 1, 2, 6, and 12 months show an increase from the
preoperative value to 1 month, and are maintained over 12 months.

The substantial decrease in BMI and waist circumference from pre-surgery to subsequent
time points (1 month, 2 months, etc.) suggests that the p-value for these parameters is
significantly below 0.05. The results show that there is a significant and statistically
significant improvement in the post-surgical procedure [33].
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The level of CRP showed a sharp and sustained reduction that started at the baseline and
continued during the 1-, 2-, 6-, and 12- months postoperative periods, with p-value less than
0.05, thus indicating a statistically significant attenuation. Similarly, post-surgery a significant
decrease in the TNF-a concentration was observed with p-value below 0.05, which highlights
the presence of a significant decrease in pro-inflammatory activity. On the other hand, the
levels of IL-10 increased significantly during the post-operative time with a p-value less than
0.05, which reflects the significant increase in the intensity of anti-inflammatory effects
during the time. Moreover, glycaemic control indicators such as the level of fasting glucose,
post-prandial glucose, triglycerides, and lipid profile in general showed a significant
improvement after treatment, which is a significant increase in the overall metabolic
parameters [34]. In contrast, systemic blood pressure and glycosylated haemoglobin (HbAlc)
exhibit only minor fluctuations, suggesting no significant change over the study period.

3.1 Assessment of the consumption of immunomodulatory nutrients

Table 4 shows modest to positive associations (r = 0.55-0.66) between the number of
alternatives reported and the symptoms of nutritional shortage, implying that the probability
of several deficiencies rises as symptoms do. For symptoms including skin lesions and
bleeding gums, the strongest correlation (r) 0.66, CI: 0.36-0.85, indicated a possible
relationship to vitamin C deficiency. Confidence intervals spanning all objects are limited and
do not cross zero, supporting statistical dependability. These findings highlight the importance
of monitoring these symptoms in clinical evaluations since they imply consistent correlations
between reported symptoms and possible micronutrient shortages.

Table 4: Signs and symptoms of vitamins deficiency

Idonot Tonlyhavel I have 2 I have 3 I have 4 I have 5 R-
y . alternativ  alternativ  alternati  alternativ 95% CI
have alternative value
es es ves es

Questions

Do you have
difficulty
seeing in low-
light
environments,
dry skin or dry
eyes?

Do you have
problems with

0,
E:;fn";‘“ﬁ‘;i 22('57)“ 318% (7). 364%(8)  9.1%(2) - - 0.55 [g‘%]
loss and weak
nails?
Do you have N
weak bones or 5?12;) 27.3% (6) 13.6% (3) 4.5% (1) - - 0.59 [(())fgz]_
muscle pain? '
Do you have
skin spots,
1 1 0,
lﬂa‘flr’::;t;ﬁ‘; 7(21'2)“ 22.7% (5) 4.5% (1) 0% (0) - - 0.66 [81382]
bleeding
gums?
Do you have
dizziness,
irritation,
1 V)
sh(fittfeus?o ] 36(‘84)4’ 27%(5)  13.6%(3)  13.6%(3)  9.1%(Q2) 45%(1) 06l [812(3)]_
breath and/or
loss of
appetite?

Table 5 shows the number of participants who use supplements from the listed items that may
support immune system improvement. It shows that a small portion does not consume any of
the items. The majority uses 2 or more supplements for assistance, where there was a relevant

54.5% [0.31 -
12 273%(6)  13.6%(3)  9.1% (2) - - 0.62 0.83]
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number of combinations between omega 3, proteins, and probiotics, demonstrating that the
most used supplement is multivitamins, both isolated 44.1% (n=10) and combined with other

supplements 38.5% (n=8).

Table 5: Supplements used by individuals.

Supplements % (n)

Poly-vitamins 44.1% (10)

Omega 3 4.5% (1)

Proteins 3.3% (1)

Prebiotic Fibers 0

Probiotics 4.5% (1)

No consumption of any items above 15% (3)

:A combination of more than 2 or more supplements 36.3% (8)

Table 6 shows the results of the intestinal permeability questionnaire, which can identify an
imbalance of pathogenic and non-pathogenic microorganisms (called dysbiosis) that would be
detrimental to the absorption of nutrients and, consequently, to the immune system. The
results showed that most symptoms were absent or rare. However, in some questions, a good
portion of the participants had complaints of diarrhea and/or constipation 59.5%, abdominal
pain and distension 52.9%, frequent or chronic fatigue 48.4%, memory and mood changes
71.2% and food allergies 41.8%.

Table 6: Frequency of Intestinal Hypermobility Symptoms

Sy ADSCRURATE % coional v6  frequent % common 5
Diarrhea and/or constipation 40.5% 33.7% 17.0% 8.8%
Abdominal pain/bloating 47.1% 0.3% 13.7% 7.2%
Mucus or blood in stool 93.5% 4.6% 0.7% 1.3%
Joint pain/arthritis 65.7% 16.3% 1.0% 1.0%
Frequent/chronic fatigue 51.6% 33.7% 10.1% 4.6%
Food allergies 58.2% 25.8% 9.8% 6.2%
Nasal congestion 68.3% 19.3% 8.5% 3.9%
Asthma/airway allergies 82.4% 10.8% 5.6% 1.3%
Eczema/hives 83.3% 11.1% 3.9% 1.6%
Memory/mood changes 28.8% 38.9% 20.3% 12.1%
Acute/chronic inflammation 83.0% 12.1% 2.6% 2.3%
Use of anti-inflammatory drugs 75.8% 17.6% 3.9% 2.6%
History of antibiotic use 69.0% 22.5% 5.6% 2.9%
Alcohol consumption 74.5% 15.0% 5.6% 4.9%
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Figure 4: Average number of days of food consumption.

Figure 4 illustrates the following key observations, visually representing the data and trends
related to the study.

e The average consumption of milk, dairy products, eggs, and meat, where the average
consumption of milk, chicken, and fish was 3 days, eggs and red meat 4 days, and dairy
products 6 days per week.

e The average weekly consumption of oils and oilseeds, where corn, sunflower, soybean and
oilseed were consumed 3 days a week and olive oil 5 days a week.

e The average weekly consumption of vegetables and whole foods, where raw vegetables or
legumes, cooked vegetables or legumes, tubers and citrus fruits had an average consumption
of 4 days, orange vegetables, beans and whole foods 6 days, fresh fruits 5 days and other
legumes only 2 days a week.

e The average weekly consumption of ultra-processed foods, where sweets and desserts had
the highest consumption of 4 days and then sausages consumed on 3 days, fried meat, other
fried foods, barbecue or barbecue 2 days a week, artificial juice, ready-made meals/fast food
and soft drinks 1 day, cookies/crackers and jarred snacks 0 days of consumption per week.

4. Discussion

This study frames the strong impact of bariatric surgical surgery on the systemic
inflammatory milieu that is evident in the patients with morbid obesity. One of the most
significant findings is that pro-inflammatory cytokines, including tumor necrosis factor alpha
(TNF-a) and C-reactive protein (CRP), are significantly attenuated, at the same time as the
anti-inflammatory cytokine interleukin -10 (IL -10) is significantly increased [21], which is
evident as early as one month after the operation and continues to be observed over a twelve-
month period. Taken together, such results suggest that the Roux-en-Y gastric bypass provides
a significant decrease in the persistent, low grade inflammatory condition of obesity [22].
The proinflammatory cytokine tumor necrosis factor-alpha (TNF-a) which is mainly produced
by the adipose tissue in individuals with obesity is a critical determinant of the pathogenesis
of insulin resistance and systemic inflammation. High levels of TNF-o worsen metabolic
imbalances, dysfunctional endothelial processes and increase the risk of cardiovascular
disease [22-23]. In this study, TNF-a levels were significantly reduced following surgery,
aligning with decreased BMI and improved metabolic markers. Similarly, CRP, an acute-
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phase reactant elevated in inflammatory states and a known predictor of cardiovascular
events, declined progressively at each follow-up interval. This sustained reduction indicates a
lowering of systemic inflammation and a favorable shift in metabolic risk profile.

The information previously discussed suggests that TNF-a could be a mediator of insulin
resistance and that its secretion could also be related to obesity and increased visceral fat
deposition [22, 34]. The information on obesity and insulin resistance has increased over the
last 20 years. It is worth mentioning that various authors such as Spiegelman and Hotamisligil
have been involved in this topic, publishing several studies describing the close relationship
between the immune system through low-grade inflammation, obesity and insulin resistance
[15]. This low-grade inflammation is the initiator and maintains these alterations for several
years, affecting all organs and systems (adipose tissue). Therefore, it is important to explain
that in patients who lose weight, levels of biochemical markers such as glucose, lipids,
glycosylated haemoglobin, BMI, and systemic blood pressure improve. Additionally, this
study also observed that bariatric surgery not only reduces markers of metabolic alteration but
also lowers inflammatory factors and increases anti-inflammatory factors, suggesting that the
procedure is effective in reversing the low-grade inflammatory state in patients with morbid
obesity. The current study observed this balance between the decrease in inflammatory factors
(CRP and TNF-a) and the increase in IL-10 in our study group.

Conversely, IL-10, known for its anti-inflammatory and immune-regulating functions,
increased significantly postoperatively. IL-10 acts by inhibiting the synthesis of pro-
inflammatory cytokines and promoting immune balance. Its elevation post-surgery suggests
the restoration of immunological homeostasis, potentially offering long-term protection
against metabolic and inflammatory disorders [21].

Among the signs and symptoms questioned, 47.1% of the participants had 1 or more
symptoms of difficulty seeing in low-light environments, dry skin and dry eyes. This is due to
a possible lack of vitamin A. The signs and symptoms present may indicate poor
supplementation or low protein absorption that would hinder the absorption/assimilation of
vitamin A. Regarding poor healing, hair loss and weak nails, there were 76.4% complaints of
1 or more alternatives; these signs indicate possible zinc deficiency. A study by Wang et al.
(2023) [35] with 324 post-surgical participants showed a deficiency in 42.5% of participants,
showing that the highest prevalence of deficiency was in biliopancreatic diversion procedures
with duodenal switch (duodenal switch), while the present study obtained only 1 of the people
undergoing DS.

Regarding omega-3, 18.5% of participants reported using supplementation. Omega-3 has
well-documented benefits for immune and inflammatory responses by enriching immune cell
membranes and promoting anti-inflammatory mediator production [36]. Protein
supplementation was used by 31.7% of participants, a crucial measure given the common
deficiency post-surgery due to reduced gastric volume and early satiety. Whey protein is
particularly beneficial in preserving lean mass and modulating immunity through its
immunoglobulin content and anti-inflammatory action [37-39].

The healthy microbiota is imperative to the effective functioning of the immune defence
system. The effect of intestinal hyperpermeability is the enhancement of the generation of
inflammatory cytokines, and a nutrient-enriched and balanced diet contributes to immune
regulation and gut integrity maintenance [40-42].

The average intake of protein-rich foods including eggs and red meat was four times per
week compared to six times of dairy products, which could be explained by the fact that the
latter were more intolerable after surgery [4, 43-45]. The consumption of oil and nuts was
three days / week; olive oil was taken five days. These food items contain unsaturated fatty
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acids and bioactive compounds which mediate the anti-inflammatory mechanisms [46,47].
The emphasis on whole foods was made in accordance with dietary guidelines, which
recommend satiety and glycemic control [48].

Although the frequency of consumption of ultra-processed foods included moderate
frequency level, it remains an issue of concern. A reduced consumption of these products
could be linked to postoperative intolerance and dumping syndrome. These foods lack the
vital micronutrients which play a critical role in immune functionality as well as metabolic
homeostasis [49,50].

Conclusions

Bariatric surgery showed an outcome on the reduction of systemic inflammation and
metabolic health in patients with morbid obesity without a longer follow-up period of 12
months. The level of pro-inflammatory cytokines such as TNF-a and CRP reduced
significantly, whereas the production of the anti-inflammatory cytokine IL-10 also increased
significantly. The indication of immunological changes are time-dependent in accordance
with quantifiable changes in body mass index, waist circumference, glycemic, and
dyslipidemic indices. These results highlight the point that gastric bypass not only has an
important effect of reducing weight but also has a modulatory effect on the proinflammatory
milieu that is implicated with obesity-associated comorbidities. However, nutrition issues
were also highlighted in the study. It reported the presence of clinical symptoms of vitamin A,
zinc and iron deficiencies suggesting that they were either not eaten properly, or could have
been poorly absorbed. It is important to mention that multivitamin preparations became the
most commonly used supplements. Despite the available literature, there is still a poor
adoption of protein and immunomodulatory supplements which include omega -3 fatty acids
and probiotics. The continued postoperative nutritional monitoring is invaluable in
maintaining clinical outcomes, enhancement of immune response, and prevention of
micronutrient deficiencies. Overall, it can be concluded that bariatric surgery is a valuable
treatment procedure that can be used on the way to reversing obesity-associated inflammation
and improving the quality of life. To ensure that the palate re-education process is not
complicated and in order to reduce the risk of the occurrence of nutrient deficiencies, the
nutritional evaluation is to be conducted thoroughly after the operation. Clinical
manifestations indicate that there is a deficiency of vitamin A, zinc, and iron, and the
deficiency of vitamins C and D was reported less frequently. The prevailing supplementation
was multivitamins and they were regularly used together with other agents according to the
advice of experts. Protein intake was found to be suboptimal although it is necessary to have
lean body mass. Use of immunomodulatory adjuncts which included probiotics, omega-3
fatty acids and prebiotic fibers was strongly limited which could be due to lack of awareness
about the therapeutic effects.

Conflict of Interest: The authors declare that they have no conflicts of interest.

References

1] X. Lin and H. Li, “Obesity: Epidemiology, Pathophysiology, and Therapeutics,” Frontiers in
Endocrinology, vol. 12, no. 1, 2021.

2] G. R. Babu et al., “Association of obesity with hypertension and type 2 diabetes mellitus in

India: A meta-analysis of observational studies,” World Journal of Diabetes, vol. 9, no. 1, pp.
40-52. 2018.

[3] J. Dalal et al., “Clinical and Demographic Characteristics of Patients with Coexistent
Hypertension, Type 2 Diabetes Mellitus, and Dyslipidemia: A Retrospective Study from
India,” Drugs - Real World Outcomes, 2023,

4] M. Safaei, E. A. Sundararajan, M. Driss, W. Boulila, and A. Shapi’i, “A systematic literature

5209



Ibrahim et al. Iraqi Journal of Science, 2026, Vol. 67, No. 10, pp: 5198-5212

[5]

[6]
[7]

8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]
(18]
[19]

[20]

[21]

[22]

review on obesity: Understanding the causes & consequences of obesity and reviewing
various machine learning approaches used to predict obesity,” Computers in Biology and
Medicine, vol. 136, no. 104754, 2021.

J. R. Villarreal-Calderon, R. Cuellar-Tamez, E. C. Castillo, Eder Luna-Ceron, G. Garcia-
Rivas, and L. Elizondo-Montemayor, “Metabolic shift precedes the resolution of
inflammation in a cohort of patients undergoing bariatric and metabolic surgery,” Scientific
Reports, vol. 11, no. 1, 2021.

E.-C. Krzizek, J. Brix, A. Stockl, V. Parzer, and B. Ludvik, “Prevalence of Micronutrient
Deficiency after Bariatric Surgery,” Obesity Facts, vol. 14, no. 2, pp. 197-204, 2021.

A. Sreeniwas Kumar and N. Sinha, “Cardiovascular disease in India: A 360 degree
overview,” Medical Journal, Armed Forces India, vol. 76, no. 1, pp. 1-3, . 2020.

C. J. Lavie, D. Laddu, R. Arena, F. B. Ortega, M. A. Alpert, and R. F. Kushner, “Healthy
Weight and Obesity Prevention,” Journal of the American College of Cardiology, vol. 72, no.
13, pp. 1506-1531, 2018.

B. Lizarbe, B. Campillo, I. Guadilla, P. Lopez-Larrubia, and S. Cerdan, “Magnetic resonance
assessment of the cerebral alterations associated with obesity development,” Journal of
Cerebral Blood Flow & Metabolism, vol. 40, no. 11, pp. 2135-2151, 2020.

C. B. Lagarde et al., “Obesity-associated epigenetic alterations and the obesity-breast cancer
axis,” Oncogene, vol. 43, no. 11, pp. 763-775, 2024.

R. Kassir et al., “Brain alterations associated with overweight evaluated by body mass index
or body fat index in an elderly population: the PROOF study,” Frontiers in Endocrinology,
vol. 14,2023.

J. Lainampetch et al., “Association of Tumor Necrosis Factor Alpha, Interleukin 6, and C-
Reactive Protein with the Risk of Developing Type 2 Diabetes: A Retrospective Cohort Study
of Rural Thais,” Journal of Diabetes Research, vol. 2019, p. €9051929, 2019.

Y. Zhou, Y. Yang, T. Zhou, B. Li, and Z. Wang, “Adiponectin and Thyroid Cancer: Insight
into the Association between Adiponectin and Obesity,” Aging and Disease, vol. 12, no. 2, pp.
597-597, 2021.

P. Jakubek, B. Pakula, M. Rossmeisl, P. Pinton, A. Rimessi, and M. R. Wieckowski,
“Autophagy alterations in obesity, type 2 diabetes, and metabolic dysfunction-associated
steatotic liver disease: the evidence from human studies,” Internal and Emergency Medicine,
vol. 19, no. 5, pp. 14731491, 2024.

T. V. Rohm, D. T. Meier, J. M. Olefsky, and M. Y. Donath, “Inflammation in obesity,
diabetes, and related disorders,” Immunity, vol. 55, no. 1, pp. 31-55, 2022.

T. McLaughlin, S. E. Ackerman, L. Shen, and E. Engleman, “Role of innate and adaptive
immunity in obesity-associated metabolic disease,” The Journal of Clinical Investigation, vol.
127, no. 1, pp. 5-13, 2017.

X. Wenet al, “Signaling pathways in obesity: mechanisms and therapeutic
interventions,” Signal Transduction and Targeted Therapy, vol. 7, no. 1, 2022,

X. Hildebrandt, M. Ibrahim, and N. Peltzer, “Cell death and inflammation during obesity:
‘Know my methods, WAT(son),”” Cell Death & Differentiation, vol. 30, 2022,

J. M. Webster, L. J. A. P. Kempen, R. S. Hardy, and R. C. J. Langen, “Inflammation and
Skeletal Muscle Wasting During Cachexia,” Frontiers in Physiology, vol. 11, pp.1-22, 2020.

U. Jung and M.-S. Choi, “Obesity and Its Metabolic Complications: The Role of Adipokines
and the Relationship between Obesity, Inflammation, Insulin Resistance, Dyslipidemia and
Nonalcoholic Fatty Liver Disease,” International Journal of Molecular Sciences, vol. 15, no.
4, pp. 6184-6223,2014.

Marit Zuurveld et al., “An advanced in vitro human mucosal immune model to predict food
sensitizing allergenicity risk: A proof of concept using ovalbumin as model
allergen,” Frontiers in Immunology, vol. 13, 2023.

J. Suleiman, M. Mohamed, and A. Bakar, “A systematic review on different models of

5210



Ibrahim et al. Iraqi Journal of Science, 2026, Vol. 67, No. 10, pp: 5198-5212

[23]

[24]

[25]

[26]

[27]

[28]
[29]
[30]

[31]

[32]
[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

inducing obesity in animals: Advantages and limitations,” Journal of Advanced Veterinary
and Animal Research, vol. 7, no. 1, p. 103, 2020.

R. Li et al., “Traumatic inflammatory response: pathophysiological role and clinical value of
cytokines,” European journal of trauma and emergency surgery, vol. 50, no. 4, 2023.

Renata et al., “IL-10 and IL-1B Serum Levels, Genetic Variants, and Metabolic Syndrome:
Insights into Older Adults’ Clinical Characteristics,” Nutrients, vol. 16, no. 8, pp. 1241-1241,
2024.

M. J. Davies et al., “Management of hyperglycaemia in type 2 diabetes, 2022. A consensus
report by the American Diabetes Association (ADA) and the European Association for the
Study of Diabetes (EASD),” Diabetologia, vol. 65, no. 12, 2022.

C. L. Haase, S. Lopes, A. H. Olsen, A. Satylganova, V. Schnecke, and P. McEwan, “Weight
loss and risk reduction of obesity-related outcomes in 0.5 million people: evidence from a UK
primary care database,” International Journal of Obesity, vol. 45, no. 6, pp. 1249-1258, 2021.
M. Potrykus, S. Czaja-Stolc, S. Malgorzewicz, M. Proczko-Stepaniak, and A. Df;bska—élizieﬁ,
“Diet Management of Patients with Chronic Kidney Disease in Bariatric Surgery,” Nutrients,
vol. 15, no. 1, p. 165, 2022.

C. Munteanu and B. Schwartz, “The Relationship between Nutrition and the Immune
System,” Frontiers in Nutrition, vol. 9, no. 1, pp. 1-23, 2022.

P. C. Calder, “Foods to deliver immune-supporting nutrients,” Current Opinion in Food
Science, vol. 43, pp. 136-145. 2022.

V. S. Chamarthi and S. F. Daley, “Perioperative Care for Metabolic and Bariatric
Surgery,” StatPearls, 2025,

G. R. do Amaral ¢ Melo, P. O. Silva, J. Nakabayashi, M. V. Bandeira, N. Toral, and R.
Monteiro, “Family meal frequency and its association with food consumption and nutritional
status in adolescents: A systematic review,” PLOS ONE, vol. 15, no. 9, p. €0239274, 2020,

C. B. Weir and A. Jan, “BMI Classification Percentile And Cut Off Points,” PubMed, 2021.

N. K. Ibrahim, K. K. Ghudhaib, A. A. D. Allawi, and F. A. Hammoudi, “Evaluation of HE4
and IGFBPs as Novel Biomarkers of Systemic Lupus Erythematosus with Lupus Nephritis,”
Indian Journal of Forensic Medicine & Toxicology, pp. 41244130, 2020,

J. H. Abu-Shana, N. G. Abdulkareem, A. O. Jasim, and Y. H. Abbood, “Effect of Diabetes
Mellitus Type 2 on the Correlation of Vitamin D with Lipid Profile in Iraqi Patients,” Iraqi
Journal of Science, pp. 48814889, 2024.

L. Wang, Z. Zhang, Z. Wang, and T. Jiang, “First study on the outcomes of biliopancreatic
diversion with duodenal switch in Chinese patients with obesity,” Frontiers in surgery, vol. 9,
2023.

M. H. Theinel ef al., “The Effects of Omega-3 Polyunsaturated Fatty Acids on Breast Cancer
as a Preventive Measure or as an Adjunct to Conventional Treatments,” Nutrients, vol. 15, no.
6, p- 1310, 2023.

E. J. Arentson-Lantz and S. Kilroe, “Practical applications of whey protein in supporting
skeletal muscle maintenance, recovery, and reconditioning,” Journal of Animal Science, 2021.
S. Adler, W. Olsen, B. Rackerby, R. Spencer, and D. C. Dallas, “Effects of Whey Protein
Supplementation on Inflammatory Marker Concentrations in Older Adults,” Nutrients, vol.
15, no. 18, p. 4081, 2023.

S. Minj and S. Anand, “Whey Proteins and Its Derivatives: Bioactivity, Functionality, and
Current Applications,” Dairy, vol. 1, no. 3, pp. 233-258, 2020

A. Saez, B. Herrero-Fernandez, R. Gomez-Bris, H. Sanchez-Martinez, and J. M. Gonzalez-
Granado, “Pathophysiology of Inflammatory Bowel Disease: Innate Immune
System,” International Journal of Molecular Sciences, vol. 24, no. 2, p. 1526, 2023.

A. Ghuraibawi, I. K. Sharquie, and F. 1. Gorial, “A novel Link of Serum IL-39 Levels in
Patients with Rheumatoid Arthritis,” Iraqi journal of science, pp. 1651-1661, 2023.

Marek Vebr, Renata PomahacCova, J. Sykora, and J. Schwarz, “A Narrative Review of

5211



Ibrahim et al. Iraqi Journal of Science, 2026, Vol. 67, No. 10, pp: 5198-5212

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

Cytokine Networks: Pathophysiological and Therapeutic Implications for Inflammatory
Bowel Disease Pathogenesis,” Biomedicines, vol. 11, no. 12, pp. 3229-3229,2023,

Waralee Joymak et al., “Effect of encapsulated egg white noodles as a meat substitute on
weight management in overweight and obese participants: a controlled trial,” Food
Production Processing and Nutrition, vol. 7, no. 1, 2025.

M. Askari, J. Heshmati, H. Shahinfar, N. Tripathi, and E. Daneshzad, “Ultra-processed food
and the risk of overweight and obesity: a systematic review and meta-analysis of
observational studies,” International Journal of Obesity, vol. 44, no. 10, 2020.

J. S. L. Laurentino, I. M. de O. Martins-Costa, R. T. de Oliveira-Silva, A. B. M. V. dos
Santos, and P. de A. Palmeira, “Long-term effect of food insecurity on body weight gain and
metabolic risk in a context of high socioeconomic vulnerability in a medium-income country:
the SANCuité cohort, Brazil, 2011-2022,” Frontiers in Public Health, vol. 13, 2025.

M. Garcia-Aloy et al., “Biomarkers of food intake for nuts and vegetable oils: an extensive
literature search,” Genes & Nutrition, vol. 14, no. 1, 2019

M. S. Al-Fayyadh, “Effect of a Ketogenic Diet on Some Biochemical Parameters in Obese
People,” Iraqi Journal of Science, pp. 55725579, 2023.

S. Sherf Dagan et al., “Nutritional Recommendations for Adult Bariatric Surgery Patients:
Clinical Practice,” Advances in Nutrition: An International Review Journal, vol. 8, no. 2, pp.
382-394, 2017,

M. R. Zaparolli et al., “Food Intake Evaluation During the First Year of Postoperative of
Patients with Type 2 Diabetes Mellitus or Glycemic Alteration Submitted to Roux-En-Y
Gastric Bypass,” ABCD Arquivos Brasileiros de Cirurgia Digestiva (Sdo Paulo), vol. 31, no.
2,2018.

A. H. Qadhier al, “The effect of bariatric surgery on dietary Behaviour, dietary
recommendation  Adherence, and micronutrient deficiencies one year after
surgery,” Preventive Medicine Reports, vol. 35, p. 102343, 2023.

5212



