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Abstract

Background/Aim Adipose tissue can increase levels of inflammation and oxidative stress, which explains the relationship
between obesity and many chronic diseases. Weight loss, changes in adipose tissue metabolism, and dietary nutrient intake
changes following bariatric surgery could affect a number of oxidative- and inflammation-related factors. Therefore, this
study aimed to assess the potential relationship between dietary intake and inflammatory/antioxidant markers in the 6 months
following Roux-en-Y gastric bypass surgery (RYGB).

Material and Methods This pilot prospective cohort study included 45 patients with severe obesity who underwent RYGB.
The patients were assessed at three different time points: baseline, 3 months, and 6 months post-surgery. Throughout the
study, dietary intake data, levels of total antioxidant capacity (TAC), NF-kB, and serum levels of certain micronutrients
were measured three times. Dietary macro- and micronutrient intake data were obtained three times throughout the study
using the 24-h food recall questionnaire.

Results The analysis of dietary indices in the present study found a significant positive correlation between the dietary intake
of zinc, copper, MUFA, and serum TAC levels. It also revealed a significant inverse correlation between serum levels of
NF-«xB with vitamin E and PUFA intake. Additionally, there was a significant positive association between the amount of
dietary carbohydrates and saturated fatty acids intake and the levels of NF-kB. Furthermore, within 3 to 6 months after the
surgery, patients experienced an increase in serum levels of TAC, ferritin, vitamin D3, vitamin B12, and folate. However,
there was a decrease in serum levels of NF-xB, zinc, and copper.

Conclusions Weight loss and nutritional status may potentially impact oxidative stress and inflammation levels within
6 months following RYGB surgery. Further research is necessary to comprehensively investigate the different facets of this
correlation and elucidate the precise underlying mechanism.
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Introduction

Obesity is defined as an excess fat accumulation in the adi-
pose tissue due to various factors such as genetics or life-
style [1]. The adipose tissue itself can cause higher levels

Key points

1. Higher dietary intakes of zinc, copper, and MUFA were
associated with higher antioxidant defense.

2. Lower intakes of cholesterol, SFA, and carbohydrate intakes

were associated with higher antioxidant/inflammation ratio level.
3. Higher dietary vitamin E and PUFA intakes were associated
with lower level of inflammatory factor.

4. Weight reduction and dietary management after bariatric
surgery may impact oxidative stress/inflammation levels.
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of inflammatory cytokines and oxidative markers, which
could explain the correlation between obesity and many
chronic diseases [2, 3]. The macrophages present in the adi-
pose tissue could cause the generation of pro-inflammatory
cytokines [4, 5]. The antioxidant defense system could also
change in obese individuals. For example, reduced levels of
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catalase and glutathione could occur due to obesity, indicat-
ing a weakened antioxidant activity in patients with obesity
[6-8]. Changes in dietary intake could also affect the level
of inflammation and oxidative stress in individuals. Lower
intakes of antioxidants such as vitamin C, E, and beta-caro-
tene could also affect the oxidative balance [7-9].

Various approaches are recommended for the manage-
ment of obesity, among which bariatric surgery is considered
the most effective way for rapid and long-term weight loss in
patients with severe obesity. Weight reduction could have a
beneficial effect on the levels of inflammation and oxidative
stress and could lower the risk of chronic diseases as well [4, 6].
However, the surgery itself could cause inflammatory responses
and increase the levels of inflammatory mediators and reac-
tive oxygen or nitrogen species. In addition, lower absorption
of some dietary nutrients could also occur as a harmful effect
of bariatric surgery [10]. Furthermore, many dietary changes
would occur following bariatric surgery. Many food restrictions
could occur after the surgery, which could affect the patients’
dietary nutrient intake, especially during the first year after the
operation [11]. Recommendations for selecting healthy dietary
patterns guide these patients towards higher consumption of
specific foods or food groups such as fish, poultry, skim milk,
and fruits, and lower consumption of sweets, red meat, soft
drinks, and the like after bariatric surgery, which could affect
their nutrient intake [12]. A complete diet, including appropri-
ate daily nutrient intake, could affect oxidative stress and related
diseases. Many nutrients could affect the antioxidant system,
either as a component of this system or as direct antioxidants.
However, the effect of various nutrients on oxidative balance
is a matter of controversy [13]. Additionally, the clear associa-
tion between inflammation and diet [14] shows the necessity
of assessing this association in patients’ post-bariatric surgery.

As mentioned, many changes regarding oxidative and
inflammatory markers could occur due to changes in adipose
tissue following weight reduction after bariatric surgery.
These changes are accompanied by dietary changes in this
population due to dietary restrictions or changes in dietary
habits. There are limited reports regarding changes in dietary
intake post-operatively and their correlations with inflamma-
tory and antioxidant markers. Hence, this pilot study aimed
to assess the relationship between dietary intake of macro-
and micronutrients and inflammatory and antioxidant mark-
ers in the period of 6 months after Roux-en-Y gastric bypass
surgery (RYGB).

Materials and Methods
Ethics Statement

This study was approved by the Ethics Committee of the
Tehran University of Medical Sciences (Ethics number:
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IR. TUMS.MEDICINE.REC.1400.011). Participants were
provided with an explanatory letter detailing the study, and
written informed consent was obtained from all participants
before they entered the project.

Study Design, Setting, and Participants

This pilot prospective cohort study was conducted from
December 2022 to July 2023. It included 45 patients
between the ages of 20 and 50 with severe obesity who
underwent bariatric surgery and had a BMI between 40
and 50 kg/m?. All surgeries were performed by a specific
surgeon (A.P) at Hazrat-e Rasool General Hospital, Teh-
ran, which is recognized as a Center of Excellence by
the International Federation for Surgery of Obesity. The
surgical technique used was Roux-en-Y gastric bypass,
with a pouch size of 25-30 mL and a Roux-en-Y limb of
130-150 cm. The laparoscopic technique with a five-port
approach was utilized.

To be eligible for the study, participants had to be
willing to participate and have not been involved in any
specific diet program such as vegetarian, ketogenic, or
intermittent fasting diet (apart from the usual post-oper-
ative protocol) before and during the 6 months follow-
ing the surgery. Patients who had previously undergone
bariatric surgery or reversal; were pregnant or breastfeed-
ing; smoked at least five cigarettes per day for the past
6 months; had kidney disease, pancreatitis, cancer, uncon-
trolled thyroid disorders, inflammatory, neurological, or
autoimmune diseases; or had a history of heart attacks and
strokes were excluded from the study. Patients who with-
drew from surgery, cooperation in the study, or became
pregnant during the follow-up were also excluded.

Clinical, anthropometric, and biochemical variables were
assessed in all patients at 3 and 6 months after the surgery.

Variables, Data Sources/Measurement
Anthropometric and Dietary Intake Measurements

Height was measured without shoes using a measuring tape
attached to a wall, with a nearest 0.5 cm precision. Body
weight was measured through a scale with maximum accu-
racy (the SECA 711 scale, Medical Measuring Systems, and
Scales Factory, USA), requesting participants to remove
heavy clothes and shoes. Patients’ height was measured
using a strip gauge with an accuracy of 0.1 cm and without
shoes, while the back of the head, shoulder blades, buttocks,
and heels were touching the stadiometer. All of the partici-
pants completed the 24-h food recall questionnaire three
times throughout the study period.

Weight loss was assessed using % total weight loss
(TWL) and % excess weight loss (EWL). % TWL was
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calculated as [(preoperative weight — weight at follow-up)
/ preoperative weight] X 100. % EWL was calculated as
[(preoperative weight — weight at follow-up) / (preoperative
weight —ideal body weight)] X 100. % EBMIL was calcu-
lated using the formula: (Excess BMI Loss)=100 * (Initial
BMI — Post-operative BMI) / (Initial BMI — 25). In addition,
ABMI was calculated as (Initial BMI — Post-operative BMI).
Ideal weight was defined as the weight corresponding to a
BMI of 25 kg/m”.

Laboratory Measurement

The participants completed fasting blood samples (10 ml)
for biochemical assessments. Samples were taken at baseline
and at the end of each study phase in the early morning after
an overnight fast. The samples were immediately centrifuged
(Hettich D-78532, Tuttlingen, Germany) at 3500 rpm for
10 min to separate serum and then stored at — 80 °C before
laboratory analysis. ELISA kits (Human ELISA Kit, Shang-
hai Crystal Day Biotech Co., Ltd) were used to measure
the levels of TAC and NF-kB. All measurements were per-
formed using the ELISA method. In addition, serum labora-
tory parameters including serum hemoglobin (Hb), ferritin,
albumin, vitamin D3, vitamin B12, folic acid, zinc, and cop-
per were recorded. The 24-h food recall questionnaire was
completed three times throughout the evaluation period.

Post-OperativeCare

All patients were required to visit the obesity clinic for multi-
ple assessments of weight loss, blood sample collection, and
food recall at 1, 3, and 6 months after the surgery. According
to international bariatric surgery guidelines, patients started
taking daily multivitamins and mineral supplements, as well
as calcium citrate (500 mg) twice daily, beginning the day
after surgery. Additionally, all patients received monthly
intramuscular neurobion injections (including 1000 pg of
vitamin B12, 100 mg of vitamin B1, and 100 mg of vitamin
B6) and oral vitamin D3 (50,000 IU) following the surgery.
The diet protocol for patients undergoing bariatric surgery
was thoroughly explained during regular post-surgery vis-
its. This included a clear liquid diet for the first 2 days, a
full liquid diet from the second to the fourteenth day, a
soft diet from the 14th to the 28th day, a puree diet from
the 28th day to 1.5 months post-operation, and finally, the
usual table food at 1.5 months post-operation. All patients
were advised to engage in exercise, specifically aerobic and
strength activities.

Statistical Methods

We used the Kolmogorov—Smirnov test to check the nor-
mal distribution of variables. Continuous variables were

presented as means and standard error. To assess the inter-
action effect of time and surgery on each outcome, we con-
ducted repeated measures ANOVA analysis. Multivariate
linear regression models were used to predict the association
between the mean changes of TAC/NF-«xB and other clinical
variables, including anthropometric indices, dietary intake
measurements, and biochemical parameters. Age, sex, and
BMI were adjusted as covariates in the multivariable analy-
sis. Statistical significance was defined as a P-value less than
0.05, and we performed the analysis using SPSS 26.0.

Results
Patient Characteristics

The mean age of our study population was 40.47 +9.6 years,
with a total of 45 patients. Of these patients, 41 (91%) were
female, 15 (33.3%) had diabetes, and 13 (28.8%) had hyper-
tension. The average weight and BMI of the patients were
119.65 kg and 44.66 kg/m?, respectively. To analyze food
habits, we categorized the patients into four subgroups: vol-
ume eating (36 patients, 80%), emotional eating (26 patients,
57.7%), grazing (30 patients, 66.7%), and sweet eating (28
patients, 62.2%). Table 1 presents the clinical and demo-
graphic characteristics of the study participants.

Weight Loss and Dietary Intake Trends at Four Time
Points Before and After Surgery

The repeated measures ANOVA (with Greenhouse—Geisser
correction) showed consistent trends in changes in weight
and BMI patterns. However, no consistent trends were
observed in changes in the proportion of dietary intake
patterns across visits. The present study found that at 1, 3,
and 6 months after surgery, patients experienced signifi-
cant decreases in weight and BMI compared to the baseline
(P<0.001). Additionally, the percentage of total weight
loss (TWL), excess weight loss (EWL), and excess BMI
loss (EBMIL) increased over time (P <0.001) (Table 2). In
terms of nutrient intake, the mean intakes of selected nutri-
ents sharply decreased during the first month after surgery.
However, a gentle increasing trend was observed at 3 and 6
months post-surgery (P <0.001) (Table 3) (Fig. 1).

Serum Levels of TAC, NF-kB, and Dietary Intake
Indicators Before and After Surgery

Following the surgery, the mean levels of TAC, NF-«xB, Hb, fer-
ritin, albumin, vitamin D3, vitamin B12, folate, zinc, and cop-
per were sequentially measured at two different time points. The
changes in TAC levels observed during the study indicated an
increasing trend in patients, while the serum levels of NF-xB
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showed a decreasing trend. The repeated measures ANOVA
(with Greenhouse—Geisser correction) revealed that within 3
and 6 months after the surgery, the serum levels of TAC, ferritin,
vitamin D3, vitamin B12, and folate increased in patients, while
the serum levels of NF-kB, zinc, and copper decreased (Table 4).

Predictive Validity of Dietary Intake Indicators
for Total Antioxidant Capacity (TAC) Levels 6 Months
After Surgery

We investigated the relationship between serum TAC
levels and specific micro-/macronutrients in patients
who underwent bariatric surgery. Analysis of the dietary
intake indicators revealed a significant positive correla-
tion between serum TAC levels and the intake of zinc,
copper, and MUFA. This means that an increase in the
intake of zinc, copper, and MUFA was associated with
an increase in TAC levels. Furthermore, there was a sig-
nificant negative correlation between TAC levels and
dietary cholesterol levels. This indicates that an increase
in cholesterol intake was linked to a decrease in TAC
levels. There was no significant correlation between
TAC concentrations and other dietary intake indicators
(Table 5).

Predictive Validity of Dietary Intake Indicators
for NF-kB Values 6 Months After Surgery

We investigated the relationship between serum NF-kB
values and specific micro-/macronutrients in patients
who underwent bariatric surgery. Analysis of dietary
intake indicators showed a significant inverse correla-
tion between serum NF-kB values and intake of vitamin
E and PUFA. This means that a higher intake of vita-
min E and PUFA was linked to lower NF-kB values.
Additionally, we found a significant positive correla-
tion between NF-kB values and dietary intake of SFA
and carbohydrates. This suggests that a higher intake
of dietary SFA and carbohydrates was associated with
increased NF-xB values. No significant association was
found between NF-kB values and other dietary intake
indicators (Table 6).

Discussion

Dietary changes and weight reduction after bariatric sur-
gery can affect various metabolic disorders, inflamma-
tory markers, and oxidative markers. Regarding dietary
changes in the present study, there was a decrease in some
dietary intakes during the first month post-surgery, while
others increased at 3 and 6 months post-surgery. Many
studies have examined the dietary intakes of patients at
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Table 1 Baseline pre-operation characteristics of patients

Variables Value
Age, mean + SD, year 40.47+9.6
Female Sex, no (%) 41 (91.1)
Weight, mean +SD, kg 119.65+20.71
Height, mean +SD, cm 163.1+£9.9
BMI, mean + SD, kg/m? 44.66+3.62
Comorbidities, no (%)
T2DM 15 (33.3)
HTN 13 (28.8)
Dyslipidemia 19 (42)
Hypothyroidism 10 (22.2)
PCO 17 (37.8)
Food habits, no (%)
Volume eating 36 (80)
Emotional eating 26 (57.8)
Grazing 30 (66.7)
Sweet eating 28 (62.2)

T2DM type 2 Diabetes mellitus, HTN hypertension, PCO polycystic
ovarian syndrome

different time points after surgery. For example, a study by
Ziadlou et al. reported that most dietary intakes of micro/
macronutrients increased between 6 and 12 months post-
surgery [11]. The variations in dietary intakes observed
between studies were mainly due to differences in surgical
procedures, participant characteristics, patient education,
follow-up duration, and other factors. Based on repeated
measurements analysis in present study, serum levels
of TAC, ferritin, vitamin D3, vitamin B12, and folate
increased in patients, while serum levels of NF-kB, zinc,
and copper decreased at 3 and 6 months after surgery.
Furthermore, the assessment of the relationship between
dietary intakes and total antioxidant capacity (TAC) levels in

n,% M@ Carbohydrate, %
6 morths After
3 months After

1 month After

Before surgery

Fig. 1 The changing trend in the percentage of dietary macronutrient
intake
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Table.2 Wei.ght loss trends at Variables* Before surgery After surgery P-value
four time points before and after
surgery Baseline 1 month 3 months 6 months
Weight 119.65 +3.09 107.47 £2.85 96.73 +£2.54 86.67+2.29 <0.001
BMI 44.67+0.54 40.11+0.52 36.12+0.49 32.39+0.52 <0.001
TWL% - 10.22+0.27 19.15+0.39 27.49+0.74 <0.001
EWL% - 23.75+0.78 44.44+1.23 63.7+2.06 <0.001
EBMI% - 23.75+0.79 44.44+1.23 63.7+2.06 <0.001
ABMI - 4.55+0.13 8.54+0.19 12.27+0.35 <0.001
“Mean + SE
BMI body mass index, TWL% total weight loss percentage, EWL% excess weight loss percentage,
EBMI1% excess BMI loss percentage
P-value less than 0.05 is considered statistically significant
Table 3 . The changing trend Variables* Before surgery  After surgery P-value
in the dietary macro- and
micronutrient intake before and Baseline 1 month 3 months 6 months
after surgery
Calorie, kcal 341412195  647.33+21.5 892.2+29.13 1154.44+35.84 <0.001
Carbohydrate gr  gr 508.76 +30.75 61.10+2.60 89.16+3.8 118.66+4.53 <0.001
% 59.8+0.66 37.33+0.50 39.49+0..50 40. 83+0.35 <0.001
Protein ar 129.14+7.26  48.42+1.38 59.94+1.55 69.57+1.82 <0.001
% 15.01+0.22 30.22+0.36 27.22+0.36 24.33+0.28 <0.001
Fat ar 163.01+14.70  19.31+1.01 35.23+1.84 48.26+2.52 <0.001
% 25.20+0.44 32.48+0.19 33.28+0.14 34.83+0.07 <0.001
Vitamin C, mg 155.72+23.99  34.54+3.01 57.45+4.64 86.45+6.20 <0.001
Vitamin E, mg 16.59+3.30a 341+0.17b  4.65+0.28 5.57+0.386¢ <0.001
Folate, pg 508.76 +30.75 109.07+7.88 175.03+12.10 224.16+13.24 <0.001
Zinc, mg 1446+0.74a  3.63+0.16b  4.53+0.266 6.13+0.364c <0.001
Copper, mg 1.89+0.13a 047+0.03b  0.62+0.05 0.86+0.07c <0.001
Selenium, mg 151.95+14.01 29.52+5.45 51.41+9.66 68.17+12.81 <0.001
PUFA, gr 17.15+1.377 3.47+0.28 5.99+0.48 7.89+0.63 <0.001
MUFA, gr 27.56+2.01 5.45+0.40 7.99+0.58 12.67+0.92 <0.001
SFA, gr 25.15+1.24 6.61+0.76 11.80+3.96 14.20+0.81 <0.001
Cholesterol, gr 261.07+11.09 59.50+2.53 94.09+3.99 138.37+5.88 <0.001

PUFA polyunsaturated fatty acids, MUFA mono-unsaturated fatty acids, SFA saturated fatty acids

“Mean + SE

P-value less than 0.05 is considered statistically significant

patients undergoing bariatric surgery revealed a significant
positive association between serum TAC levels and zinc,
copper, and monounsaturated fatty acid (MUFA) intake.
Therefore, increasing dietary intake of zinc, copper, and
MUFA can significantly enhance TAC levels. Conversely,
there was a significant negative association between TAC
and dietary cholesterol levels, indicating that an increase in
dietary cholesterol intake could decrease TAC levels.
According to the findings of the present study, it is clear that
the dietary changes that happened after the bariatric surgery
could explain the reason for some changes. For example, higher
protein intake in the present study could increase the dietary

intake of zinc, and this could in turn increase the level of TAC
as it was seen. Several mechanisms could possibly describe the
association between dietary intakes and oxidative stress. Con-
sidering the positive association between dietary copper intake
and TAC, it can be mentioned that copper is considered as a
pro-oxidant or antioxidant agent depending on the situation. It
is asserted that copper could induce the antioxidant activity of
Cn/Zn/SOD (copper-zinc-superoxide dismutase) and this could
possibly describe the positive association observed [15]. On the
other hand, it is clear that zinc deficiency is correlated with oxi-
dative stress [16], and this could justify the positive relationship
between dietary zinc intake and TAC level. Zinc, as important
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Table4 Serum level of TAC,
NF-kB, and micronutrients
before and after surgery

Variables* Before surgery After surgery P-value?
Baseline 3 months 6 months

TAC, U/ml 7.01+0.16 8.56+0.18 9.78+0.20 0.008
NF-xB, ng/ml 1.87+0.028 1.16+0.031 0.97+0.033 0.06
Hb mg/dl 13.33+0.24 13.36+0.14 13.20+0.22 0.60
Ferritin, mg/dl 41.15+5.65 57.99+7.30 68.58+7.61 0.001
Albumin, gr/dl 4.33+0.05 4.31+0.05 4.22+0.04 0.95
Vitamin D3, ng/ml 3224+192a 35.88+1.61 39.47+2.14b 0.04
Vitamin B12, pg/ml 360.97 +£23.20 931.19+93.20 737.31+48.88 <0.001
Folic Acid, ng/ml 9.62+0.71 a 12.17+1.09 b 13.41+0.99b 0.002
Zinc, pg/dl 88.59+2.65a 83.35+2.53b 81.02+2.35 0.03
Copper, pg/dl 104.75+2.305 100.65+2.60 97.04 £2.09 0.02

“Mean +SE

The repeated measures ANOVA is used

#P-value less than 0.05 is considered statistically significant

mineral, can interact with some groups such as the sulfhydryl
or thiol groups in proteins, and in this way, it can decrease their
reactivity for causing oxidative stress [17]. Moreover, zinc is
essential for the production of metallothioneins (MTs) as the
proteins rich in cysteine [18], and this protein can act as a scav-
enger for ameliorating oxidative stress. In addition, zinc could
increase the level of glutathione (GSH) as a potent antioxidant
[19] which is a component of antioxidant system in the body.

Table 5 Predictive validity of the variables on TAC values 6 months
after surgery

Hence, the aforementioned effects attributed to zinc could
possibly justify the positive association between dietary zinc
and TAC. As another mechanism for the relationship between
dietary intakes and oxidative stress, it was found that dietary
MUPFAs could decrease the chance of lipid peroxidation in
the membranes and this could enhance the antioxidant system
by inhibiting the production of DNA-modifying factors [20].
Hence, it seems logical to see a positive association between

Table 6 Predictive validity of the variables on NF-xB values 6
months after surgery

Independent variable B* Vil P-value Independent variable B* i P-value?
Calorie 0.003 0.134 0.35 Calorie 0.000 0.168 0.42
Protein 0.015 0.507 0.30 Protein 0.008 0.050 0.80
Carbohydrate 0.002 0.349 0.43 Carbohydrate 0.005 0.654 0.06
Fat 0.005 0.147 0.49 Fat 0.034 0.235 0.32
Vitamin C 0.001 0.016 0.43 Vitamin C —0.030 —0.085 0.65
Vitamin E 0.052 0.084 0.63 Vitamin E —0.004 -0.374 0.02
Folic acid 0.002 0.122 0.53 Folic acid 0.045 0.114 0.14
Zinc 0.288 0.738 0.06 Zinc 0.019 0.379 0.26
Copper 1.012 0.310 0.08 Copper —0.028 —0.099 0.62
Selenium 0.101 0.143 0.13 Selenium —0.001 -0.235 0.13
PUFA 0.008 0.025 0.88 PUFA —0.009 —0.365 0.03
MUFA 0.191 0.850 0.03 MUFA —0.002 —-0.130 0.69
SFA —-0.138 —-0.538 0.21 SFA 0.106 0.840 0.03
Cholesterol —0.045 —1.286 0.01 Cholesterol 0.03 0.033 0.93

PUFA polyunsaturated fatty acids, MUFA mono-unsaturated fatty
acids, SFA saturated fatty acids

Model P-value, 0.04; R, 0.72; R-square, 0.52; adjusted R-square, 0.43
Multiple hierarchical linear regression is used

“Unstandardized coefficient

TStandardized estimated coefficient

P-value less than 0.05 is considered statistically significant
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PUFA polyunsaturated fatty acids, MUFA mono-unsaturated fatty
acids, SFA saturated fatty acids

Model P-value, 0.02; R, 0.63; R-square, 0.48; adjustedR-square, 0.37
Multiple hierarchical linear regression is used

“Unstandardized coefficient

TStandardized estimated coefficient

p-value less than 0.05 is considered statistically significant
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dietary intakes of MUFAs and TAC due to the protective effects
of MUFAs against oxidative stress.

On the other hand, the negative correlation between
TAC and dietary cholesterol intake could be explained by
the detrimental effects of cholesterol on oxidative damage
and mitochondrial dysfunction [21]. This oxidative dam-
age and increase in free radicals may be accompanied by a
decrease in endogenous antioxidants. Therefore, it is pos-
sible that dietary cholesterol intake indirectly decreases
TAC levels through a direct increase in oxidative stress
[22]. Furthermore, the present study found a significant
negative association between serum NF-kB values and
vitamin E and PUFA intake. This means that an increase
in dietary consumption of vitamin E and PUFA is accom-
panied by a decrease in NF-xB levels. Additionally, there
was a significant positive association between NF-«xB lev-
els and dietary SFA and carbohydrate, suggesting that an
increase in SFA and carbohydrate intake could lead to an
increase in NF-kB levels. The inverse association observed
between dietary vitamin E and NF-«B levels highlights the
anti-inflammatory effects of vitamin E, as it can reduce
C-reactive protein and pro-inflammatory cytokines [23].
Vitamin E also inhibits cyclooxygenase-2 (COX-2), which
further contributes to its anti-inflammatory effects [24].
Additionally, the inhibition of interleukin-1 (an NF-xB
inducer) by vitamin E [25] may explain the inverse asso-
ciation between vitamin E intake and NF-xB levels.
Another dietary component with an inverse association
with NF-kB is PUFA. Dietary fatty acids, such as PUFAs,
can affect membrane features, including fluidity, recep-
tor function, and lipid raft formation [26, 27]. The type
of PUFA plays an essential role in the balance between
pro- and anti-inflammatory cytokines [28]. Omega-3,
which is an important PUFA, has been shown to have
anti-inflammatory properties [29]. Therefore, the inverse
correlation observed in the present study may be attributed
to omega-3 as a significant PUFA.

As demonstrated in the present study, dietary changes
were observed after bariatric surgery that could potentially
impact the levels of inflammatory markers. For example, the
current study reported a decrease in carbohydrate intake after
surgery, which would likely lead to reduced inflammation,
consistent with the findings of this study. Another study also
found that higher carbohydrate intake was associated with
weight regain after bariatric surgery, which may indicate
fat accumulation. Based on this evidence, it is known that
any increase in adipose tissue is linked to elevated levels of
inflammation [30]. The direct relationship between dietary
carbohydrate intake and NF-«xB can be explained by mecha-
nisms that focus on the effects of high dietary carbohydrate
on inflammation. Higher intake of dietary carbohydrates can
lead to increased MCP-1, a chemokine that has pro-inflam-
matory effects. Additionally, dietary carbohydrate intake can

potentially decrease galectin-3, an anti-inflammatory agent
[31]. Furthermore, high dietary carbohydrate intake can result
in elevated blood glucose levels and phosphorylation of IxkB
kinase, which activate the NF-kB pathway and subsequently
trigger the secretion of inflammatory signals [32, 33]. There-
fore, it can be argued that dietary carbohydrate, particularly
at higher levels, can induce the NF-xB pathway and promote
inflammation. This may explain the direct association between
dietary carbohydrate intake and NF-kB. Regarding the last
finding, the positive correlation between dietary SFAs and
NF-xB can be explained by certain facts about the inflamma-
tory effects of SFAs. Dietary SFAs can activate NF-kB and
mitogen-activated protein kinase, both of which enhance the
genes associated with inflammation in various tissues [34].
Thus, it is reasonable and expected to observe a direct associa-
tion between SFA intake and NF-«B.

Regarding the changes in TAC and NF-xB after bariatric
surgery, previous studies have clearly demonstrated their posi-
tive effects on oxidative stress levels at the 6-month mark after
the procedure [35, 36]. Consistent with this study, Pinto et al. also
observed a decrease in oxidative stress markers at 3 and 12 months
post-surgery in individuals who underwent RYGB [37]. Further-
more, various studies have reported a decrease in inflammatory
markers and an increase in antioxidants over a 6-month period
following RYGB surgery [38, 39]. These changes can be attrib-
uted to the reduction in NF-xB, a factor that triggers inflammation
[40]. There are several mechanisms that could explain the observed
changes after bariatric surgery. One potential mechanism is related
to the impact of weight loss on NF-kB. Weight loss following bari-
atric surgery has the potential to increase the levels of the receptor
for the soluble form of advanced glycation end-products (SRAGE).
This receptor, which is present in the plasma, can bind to RAGE
and prevent the interaction between RAGE and the inflammatory
pathway ligands mediated by NF-«xB [41, 42].

This study had some limitations. First, the study only fol-
lowed up with participants for 6 months, which may not be
long enough to observe weight regain and dietary changes
that could be associated with changes in oxidative stress and
inflammation. This study was also limited by the small sample
size. Unfortunately, we were unable to increase the sample size
due to research budget constraints. Additionally, due to the
design of the study, it was not possible to establish causal rela-
tionships. On the other hand, assessing dietary intakes to deter-
mine nutrient levels before and after surgery may be limited by
recall bias. Another limitation is that the study only considered
one type of bariatric surgery (RYGB), while other types of sur-
gery may result in different changes post-operatively. It would
be interesting to compare various types of surgery. However, a
strength of the study is that it comprehensively assessed dietary
intakes and serum levels, as well as inflammatory and antioxi-
dant markers before and after surgery. Furthermore, it exam-
ined changes over time. However, further studies are needed
to confirm the observed relationships.
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Conclusion

This study showed that in patients undergoing RYGB, higher
intakes of zinc, copper, and MUFA, as well as lower intakes of
cholesterol, were associated with higher TAC levels, emphasiz-
ing the protective effects of dietary changes on oxidative bal-
ance. On the other hand, higher dietary vitamin E and PUFA, and
lower carbohydrate and SFA intakes, were associated with lower
NF-«B levels as a marker of inflammation. Therefore, weight
reduction and dietary management after bariatric surgery may
potentially impact oxidative stress and inflammation levels within
a 6-month period after RYGB. The clinical implications of this
study suggest that training the individuals underwent bariatric
surgery to adhere to a healthy, nutritious diet containing an abun-
dance of unsaturated fatty acids and antioxidants, while restrict-
ing their consumption of carbohydrates and saturated fatty acids
post-bariatric surgery, can enhance the metabolic outcomes of the
surgery by promoting antioxidant/inflammatory balance.

Howeyver, further studies are needed to better understand
the exact correlations between dietary intakes and oxidative
stress and inflammation after bariatric surgery, particularly
over longer durations and with larger sample size.
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