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Abstract
Background: Nutrient deϐiciency and dietary restriction are common after bariatric surgery, regardless of weight loss. We aimed to evaluate the 

postoperative change in dietary patterns. 

Methods: 113 patients who underwent bariatric surgery from 2018 to 2021 were followed up at baseline and three months after surgery. 
Anthropometric and biochemical data were collected retrospectively, and the diet was analyzed by a food frequency questionnaire (FFQ). 

Results: Postoperative weight, body mass index (BMI), and % body fat decreased signiϐicantly (p < 0.001). Prealbumin (PA) and retinol-binding 
protein (RBP) levels decreased signiϐicantly at 3 months post-surgery  (p < 0.001); however, vitamin D (VD) , zinc, and albumin (ALB) levels increased (p 
< 0.05). Hemoglobin (HGB) in the Roux-en-Y gastric bypass (RYGB) group was lower than that in the sleeve gastrectomy with jejunal bypass (SGJB) and 
the sleeve gastrectomy (SG) group (p < 0.05). The intake of cereals, tubers, legumes, meat, poultry, and aquatic products decreased (p < 0.001), whereas 
the intake of vegetables (except for soybeans), fruit, eggs, milk and dairy products, and water increased (p < 0.05). The RYGB group had a higher intake 
of cereals, tubers, and legumes than that in the other groups (p < 0.05), although there was no association between the reduction of intake in these food 
groups and weight loss. 

Conclusion: Bariatric surgery has a beneϐicial impact on weight loss and dietary patterns. Preoperative nutritional assessment and continuous follow-
up are critical with bariatric surgery to prevent weight regain and malnutrition. 
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Introduction
Currently, more than 2.2 billion people, representing 

40% of the global population, are classiϐied as overweight or 
obese [1]. Data from the China Chronic Disease and Nutrition 
Surveillance surveys (2015–2019) indicate that the prevalence 
rates of overweight and obesity in China are 34.3% and 16.4%, 
respectively, making China second only to the United States in 
obesity prevalence [2,3]. Bariatric surgery is recognized as an 
effective intervention for obesity, offering substantial weight 
reduction and mitigating obesity-related comorbidities, such 
as type 2 diabetes, cardiovascular diseases, hypertension, 
and certain cancers [4]. It has also been shown to delay the 
progression of chronic kidney disease [5]. Additionally, 
bariatric surgery reduces the risk of premature mortality by 
30%–50% and enhances health-related quality of life [6,7]. 
Post-surgery, patients achieve excess weight loss (%EWL) 

of 31.6%, 60%, and 77% at three, six, and twelve months, 
respectively, with maximum weight loss typically occurring 
within two years. Long-term outcomes indicate that 50% EWL 
is maintained ϐive years post-surgery [7,8]. 

Restrictive procedures, such as sleeve gastrectomy (SG), 
limit food intake by removing the larger, curved portion of the 
stomach, while malabsorptive procedures bypass sections of 
the intestine, signiϐicantly reducing nutrient absorption due 
to decreased contact between the intestinal epithelium and 
nutrients [9,10]. Despite the substantial weight loss achieved 
through bariatric surgery, patients face an increased risk of 
postoperative nutritional deϐiciencies over time, attributable 
to reduced food intake and malabsorption. According to 
the World Health Organization, one-third of the global 
population experiences some form of malnutrition, including 
micronutrient deϐiciencies, obesity, and diet-related non-
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communicable diseases. By 2025, half of the global population 
is projected to be malnourished [1]. Among individuals with 
obesity, both pre- and post-surgical nutritional deϐiciencies 
are prevalent, particularly in levels of vitamin D (VD), iron, 
transferrin (TRF) saturation, folic acid, hemoglobin (HGB), 
and parathyroid hormone. These deϐiciencies are inϐluenced 
by factors such as the degree of obesity, ethnicity, geographic 
region, dietary culture, and sex [9]. Preoperatively, deϐiciencies 
in bariatric surgery candidates have been reported at rates 
ranging from 71%–100% for VD, 2.9% - 7.6% for zinc, 7% for 
ferritin (FER), 11.6% for TRF, 2.2% for HGB, and 1.1% - 13.4% 
for albumin (ALB) [11-13]. Postoperative deϐiciency rates vary 
signiϐicantly across studies  of 24.3% - 100% for VD, 4.2% - 
50% for ALB, 0% - 55% for FER, 4.7% - 8% for HGB, and 19% 
- 40% for zinc [11,12,14]. Addressing nutritional deϐiciencies 
through preoperative assessment and correction is crucial, 
as such deϐiciencies can exacerbate postoperative nutrition-
related complications.

Additionally, recent evidence indicates that obesity and 
its associated metabolic abnormalities signiϐicantly increase 
the risk for severe COVID-19 outcomes [15,16]. Bariatric 
surgery, by effectively reducing body weight and improving 
metabolic proϐiles, may indirectly enhance immune function 
and thus improve clinical outcomes in patients who contract 
SARS-CoV-2. Even COVID-19 associated treatment or vaccine 
have been invented, maintaining an adequate nutritional 
status is critical for optimal immune competence, whereas 
postoperative nutritional deϐiciencies could compromise 
host defenses against viral infections [17,18]. Therefore, the 
investigation of nutritional deϐiciencies and dietary pattern 
changes following bariatric surgery not only aids in optimizing 
postoperative management but also provides an indirect 
framework for understanding and potentially improving 
immune responses in high-risk obese populations during the 
COVID-19 pandemic.

Although several studies have examined macronutrient 
and micronutrient intake before and after bariatric surgery 
[19-21], the impact of dietary patterns on weight loss remains 
inadequately understood. Dietary patterns reϐlect individual 
eating habits and daily nutrient intake, and poor dietary 
habits are responsible for at least 8 million deaths annually 
[1]. Suboptimal dietary practices, including excessive sodium 
intake, insufϐicient fruit consumption, and high consumption 
of reϐined grains, have been associated with 1.51 million 
cardiometabolic deaths (51.0%) between 2010 and 2012 
[22]. Therefore, evaluating dietary patterns is essential to 
understanding the etiology of obesity and its associated 
diseases [23,24]. 

Materials and methods
Methods

113 Chinese adults (59.3% female, mean age 33.4 ± 9.79 
years, mean BMI 37.04 ± 7.26 kg/m2) underwent laparoscopic 

bariatric surgery, of which 47.8% were sleeve gastrectomy 
with jejunal bypass (SGJB), 33.6% were SG and 18.6% were 
Roux-en-Y gastric bypass (RYGB). Patients completed baseline 
evaluation and follow-up in a tertiary hospital from 2018 to 
2021. Bioelectrical impedance analysis (BIA) was used to 
assess the body composition information, including weight, 
BMI, waist-hip ratio, body fat ratio, skeletal muscle, and 
basal metabolic rate. Percent of total weight loss (% TWL) 
and % EWL were calculated three months after surgery. The 
biochemical data of each patient at baseline(M0) and three 
months after surgery(M3) were analyzed, including blood 
routine, liver function, renal function, 25-hydroxy vitamin D 
(25(OH)D), serum zinc, ALB, prealbumin (PA), retinol-binding 
protein (RBP), TRF, FER, and HGB. Other nutrients such as 
folic acid, vitamin B12 were not included in the analysis due 
to insufϐicient cases.

Dietary assessment 

All patients completed Food Frequency Questionnaire 
(FFQ) and a 24-hour dietary record at M0 and M3. Nutritional 
assessment was conducted by a registered dietitian. The FFQ 
collected from Jinshazhou Hospital of Guangzhou University 
of Chinese Medicine was mainly composed of two parts. 
The ϐirst part includes information about appetite change, 
eating habits, gastrointestinal problems, etc. The second part 
includes 56 food items in 9 food groups: cereals, vegetables, 
fruit, meat, poultry, aquatic products, eggs, soybeans, milk and 
dairy products, and water. The questionnaire was designed 
with 6 response levels: never or less than 4 times a month, 
once a week, 2-4 times a week, 5-6 times a week, 1-2 times a 
day, more than 2 times a day. Validated photos, such as 60 g 
of an egg, and 200 g of an apple, were used to help quantify 
the intake of portion size. 110 valid questionnaires and 24-
hour dietary records were collected. The weight in grams of 
each food was multiplied by its frequency of consumption. 
However, we did not calculate the intake of macronutrients, 
vitamins, and minerals.

Postoperative nutrient supplementation

After surgery, patients received oral nutritional 
supplements (ONS) to augment dietary protein intake and 
prevent malnutrition. In accordance with evidence-based 
guidelines, supplementation protocols were tailored by 
procedure type [14]. For example, patients undergoing SG and 
SGJB received ONS containing 231 kcal, 9.25 g protein, 28.2 g 
carbohydrates, and 9.1 g fat per serving, supplemented with 
chewable tablets containing vitamins and micronutrients 
(each tablet contains: vitamin A 375mcg, vitamin C 120 mg, 
VD 1000 IU, calcium carbonate and calcium citrate 600.84 
mg, vitamin E 24.8 mg, vitamin B1 10 mg, vitamin B2 10 mg, 
vitamin B5 10 mg, vitamin B6 10 mg, vitamin B12 500 mg, 
folic acid 500 mg, niacin 50 mg, biotin 300 mcg, iron 18 mg,
magnesium 105 mg, iodine 150 mcg, copper 750 mcg, 
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selenium 60 mcg, zinc 15 mg, manganese 2 mg, chromium 
120 mcg, molybdenum 75 mcg, choline bitartrate 5 mg). 
Patients undergoing RYGB received similar supplementation 
adjusted for individual tolerance. Detailed protocols are 
provided in Supplementary Table 1.

As shown in Table 1, all three bariatric procedures—
RYGB, sleeve gastrectomy (SG), and sleeve gastrectomy 
with jejunal bypass (SGJB)—signiϐicantly reduced patients’ 
weight (p < 0.05), accompanied by improvements in other 
key parameters, including BMI, % body fat, waist–hip ratio, 
skeletal muscle mass, and basal metabolic rate. Among the 
three procedures, a signiϐicant gender-based difference in BMI 
changes was observed only for SGJB (men: −8.822; women: 
−7.357; p < 0.05), as illustrated in Figure 1. Xu, et al. reported 
results consistent with our ϐindings, noting a TWL of 18% and 
an EWL of 72% [28]. 

Nutritional deficiencies

While bariatric surgery provides substantial beneϐits in 
terms of weight loss, the risk of postoperative nutritional 
deϐiciencies increases over time due to inadequate dietary 
intake, indigestion, malabsorption, and drug–nutrient 
interactions. Serum proteins, including ALB, PA, RBP, and 
TRF, are crucial indicators for assessing nutritional status. As 
presented in Table 2 and Figure 2, the prevalence of PA and 
RBP deϐiciencies at M3 were signiϐicantly higher than at M0 
(p < 0.001), whereas the incidence of ALB deϐiciency was 

Table 1: Anthropometric characteristics at baseline (M0) and three months after bariatric 
surgery (M3).

Parameters M0 M3 p value
Weight (kg) 104.10 ± 25.20 84.40 ± 19.50 < 0.001
BMI (kg/m2) 37.00 ± 7.26 30.00 ± 5.64 < 0.001
% Body Fat 42.500 ± 7.08 36.40 ± 8.41 < 0.001

Waist-Hip Ratio 0.96 ± 0.08 0.91 ± 0.09 < 0.001
Skeletal Muscle (kg) 33.14 ± 7.55 29.13 ± 6.33 < 0.001

Basal Metabolic Rate (kcal) 1642 ± 272.68 1513.56 ± 230.47 < 0.001
%TWL / 18.60 ± 4.03 /
%EWL / 65.60 ± 33.71 /

Values are presented as the mean ± SD; data were are subject to normal distribution by 
Shapiro-Wilk test (p > 0.05); mean values were compared using paired t - test; signiϐicant 
difference of values p < 0.05. Number of patients is 113 for each measurement except 
data missing for 5 patients in waist-hip ratio at M3.

Statistical analysis

Continuous variables are presented as mean with standard 
deviation (SD) and interquartile range (IQR) and frequencies 
as percentages. Paired t - test and chi-square test were used 
to analyze for continuous variables and categorical variables, 
respectively. Nonparametric tests (the Mann-Whitney U test 
and paired Wilcoxon rank-sum tests) were used to test the 
difference in various food intake frequencies before and after 
surgery; The Kruskal-Wallis test was used to test the difference 
in various food intake frequencies between three types of 
procedures. IBM SPSS Statistics 25.0 software was used and a 
p - value below 0.05 was considered to be signiϐicant.

Results
Please See Supplementary Tables for additional data. 

Discussion
Anthropometric characteristics 

Bariatric surgeries are widely recognized for their 
long-term efϐicacy. Numerous studies have explored the 
physiological mechanisms underlying weight loss after 
bariatric surgery. Luo and Tavakkoli highlighted that weight 
loss involves a range of physiological mechanisms, including 
hormonal changes, improvements in immune function, 
alterations in bile acid signaling, enhanced hepatoportal 
glucose processing, and changes in the gut microbiome [25]. 
Baheeg, et al. reported a 90% satisfaction rate among patients 
who maintained an 18.88% total weight loss (TWL) ϐive years 
post-surgery [26]. Maciejewski, et al. demonstrated that Roux-
en-Y gastric bypass (RYGB) sustained long-term excess weight 
loss (%EWL) of 56.4%, with 71.8% of patients achieving 
>20% weight loss and 39.7% achieving >30% weight loss at 
10 years postoperatively [27].

Figure 1: Net Change of BMI between men and women in three procedures. Among 
three procedure groups, signiϐicant difference in net change of BMI between men and 
women was only found in the SGJB group (p < 0.05).
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Figure 2: Patients’ percentage in nutritional deϐiciencies status (percentage 
distribution, %) of normal or deϐiciency before and 3 months after bariatric surgery 
(data from table 2). Dark gray: percentage of patients in normal nutritional status. 
Light gray: percentage of patients in Deϐiciency nutritional status.
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lower at M3 than at M0 (p < 0.05). Celik, et al. linked low total 
protein and ALB levels to a heightened risk of malnutrition. 
However, ALB, as an acute negative reactant, can be inϐluenced 
by confounding factors such as infection [29]. 

RBP, with a half-life of 12 hours [30], is the most responsive 
protein in the body, while PA, with a half-life of 2–3 days [31] 
, is more sensitive in reϐlecting changes in nutritional status 
than TRF and ALB, which have half-lives of 8 and 20 days, 
respectively [32,33]. Protein deϐiciency, primarily caused by 
inadequate intake and malabsorption, manifests as muscle 
weakness, fragility, and edema [34].

Vitamin D (VD) plays a pivotal role in bone health 
by maintaining calcium and phosphorus homeostasis, 
alongside its immunological and cardiovascular beneϐits [35]. 
Preoperative VD insufϐiciency and deϐiciency were prevalent in 
our study, consistent with prior research [13,36]. Parrott, et al. 
found postoperative VD deϐiciency in 100% of their patients. 
Key factors inϐluencing VD levels include BMI, comorbidities, 
body fat percentage, sun exposure, postoperative physical 
activity, and lifestyle [37]. Chakhtoura, et al. recommended 
multivitamin supplementation with an additional 5000 IU of 
VD daily, combined with dietary interventions and sunlight 
exposure, as a single VD dose is insufϐicient for most patients 
to achieve normal 25(OH)D levels [38,39]. Our study revealed 
adherence rates to multivitamin supplementation of 62% 
(daily), 28.3% (sometimes), and 9.7% (never). High-dose 
VD3 supplementation (5000–6000 IU) signiϐicantly improved 
25(OH)D levels at M3 (p < 0.001). 

Iron is essential for immunometabolism and brain function 
[40,41]. Iron deϐiciency is common in individuals with 
obesity and chronic low-grade systemic inϐlammation, which 
impairs iron absorption and bioavailability [42]. Although 

bariatric surgery mitigates obesity-related complications and 
inϐlammation, malabsorption exacerbates iron deϐiciency. 
Gowanlock, et al [43] observed a decline in ferritin (FER) levels 
from a peak at 3 months post-surgery. Factors contributing to 
iron deϐiciency and anemia include preoperative FER levels, 
malabsorptive procedures, and age.

According to the World Health Organization, useful 
biomarkers to assess iron status are serum FER and TRF 
saturation [44]. However, the level of FER can be elevated 
during malignancy and infection [45]. Benotti, et al. found that 
the rate of iron deϐiciency (approximately 60%) in metabolic 
surgery candidates may be underestimated when considering 
inϐlammation. The rate of iron deϐiciency may be two or three 
times higher than the prevalence of low FER [46]. Even though 
we instructed patients with FER concentrations of < 30 ng/L 
to take iron supplements (40–80 mg of Fe) and vitamin C, 
the prevalence of iron deϐiciency increased by 2.3% at M3 
compared with the incidence at M0. 

We found a signiϐicant difference in HGB levels at M3 (p < 
0.05) compared with levels at M0 between the three bariatric 
procedures, as shown in Table 3. The RYGB group had a 
higher risk of anemia at M3 compared with the risk in the two 
other groups. Iron deϐiciency can be induced by the impaired 
absorption of iron owing to the reduction of gastric acid and 
the use of antacids [9,10]. Early diagnosis and intervention 
are strategies to prevent the development of iron deϐiciency 
and iron-deϐiciency anemia, which progress long-term after 
bariatric surgery [43]. Other nutrients related to anemia are 
vitamin B12 and folic acid, which are not routinely measured 
at M3 in our center. The prevalence of folic acid and vitamin 
B12 deϐiciencies is relatively low in the literature (at M0 and 
M3) [11,12,47].

Zinc is an important element of metalloenzymes and 
transcription factors in the body [48,49]. Zinc deϐiciency can 
lead to hair loss, diarrhea, anemia, and an altered sense of taste 
[50,51]. The preoperative prevalence of zinc deϐiciency in our 
study was higher than that in the literature [13,52]. The higher 
prevalence of zinc deϐiciency before surgery found in our study 
might be related to a relatively low intake of zinc-containing 
foods among patients living in inland cities of China. However, 
the prevalence of zinc deϐiciency at M3 was signiϐicantly lower 
(9.9%) than that at M0 (p < 0.05). Regarding supplementation, 
we advised patients to take zinc gluconate when serum zinc 
values were < 0.76 mg/L. Copper levels should be evaluated 
with long-term zinc supplementation because this can lead to 
copper deϐiciency [53,54]. 

Table 2: Prevalence of nutritional deϐiciencies at baseline (M0) and three months after 
bariatric surgery (M3).

Parameters M0 (baseline) M3 (three month after 
bariatric surgery) p value

VD
(< 30.0ng/mL)

Normal (7.1%) 8/111 (59.5%) 66/111
< 0.001

Deϐiciency  (92.9%) 103/111 (40.5%) 45/111

Zinc
(< 0.76mg/L)

Normal (73.5%) 82/111 (90.1%) 100/111
0.001

Deϐiciency (26.5%) 29/111 (9.9%) 11/111

ALB
(< 40.0g/L)

Normal (90.4%) 102/113 (99.1%) 112/113
0.003

Deϐiciency (9.6%) 11/113 (0.88%) 1/113

PA
(< 0.20g/L)

Normal (90.4%) 102/113 (61.1%) 69/113
< 0.001

Deϐiciency (9.6%) 11/113 (38.9%) 44/113

RBP
(< 25.0mg/L)

Normal (95.6%) 108/113 (69%) 78/113
< 0.001

Deϐiciency (4.4%) 5/113 (31%) 35/113

TRF
(< 2.00g/L)

Normal (96.5%) 109/113 (94%) 107/113
0.553

Deϐiciency (3.5%) 4/113 (5.3%) 6/113

FER
(< 30.0ng/mL)

Normal (89.4%) 101/113 (87.7%) 99/113
0.677

Deϐiciency (10.6%)12/113 (12.3%) 14/113
HGB

(< 115g/L 
female;

< 130g/L male)

Normal (95.6%) 108/113 (97.4%) 110/113

0.472
Deϐiciency (4.4%)5/113 (2.65%) 3/113

Results are presented as % deϐiciency out of the total sample of patients (n = 113), 
unless otherwise speciϐied. Signiϐicant difference of values p < 0.05.

Table 3: Association between postoperative anemia and different types of surgery 
Between group differences for three procedures were analyzed by use of ANOVA and 
the χ² test.

HGB Normal Low χ2 p value

Type
SG (97%) 37/38 (3%) 1/38

4.45 0.04SGJB (100%) 54/54 (0%) 0/54
RYGB (90%) 19/21 (10%) 2/21
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Change of dietary patterns

A balanced diet not only meets a person’s energy and 
nutrient requirements but also helps maintain a healthy 
weight and prevent obesity and obesity-related comorbidities 
[55]. Dietary Guidelines for Chinese Residents (2022) and 
the CFP recommend ingesting at least 25 different foods each 
week, mainly plant-based foods, supplemented with animal-
source foods [55]. Nevertheless, dietary imbalances were 
observed in China from 1961 to 2017: the consumption of 
whole grains and legumes in China declined annually over this 
period, accompanied by an increase in animal-source foods 
and processed foods [22,56]. The dietary patterns among the 
Chinese population are now similar to those in populations 
in Western countries [57]. Rising demand for sweetened 
beverages and convenience foods, as well as red meat and 
reϐined grains, is associated with stroke, coronary artery 
disease, and diabetes [22,58]. In contrast, the ingestion of 
fruit, vegetables, whole grains, skimmed dairy products, and 
fermented dairy products could prevent prediabetes [58].

Even though a rich variety of foods is recommended 
after surgery, common complications, such as vomiting and 
abdominal bloating, can result in food restriction and further 
exacerbate existing nutritional deϐiciencies. A prospective 
observational study indicated that the food tolerance score 
and total energy intake decreased signiϐicantly 1 month after 
bariatric surgery but increased three months after surgery [8]. 
In addition, other studies found that in patients undergoing 
RYGB, energy intake decreased by 45% - 72%, and the intake of 
carbohydrate, protein, fat, and micronutrients also decreased 
(p < 0.001) [20,59].

In Chinese adults, 50%–60% of the total calorie intake 
comes from carbohydrates, mainly derived from reϐined 
grains [22,55]. Assessment of grain intake is particularly 
important to evaluate the dietary patterns among the Chinese 
population. The consumption of grain intake declined over 
the past 30 years; speciϐically, the intake of legumes was 
low [60]. The consumption of rice and wheat has different 
associations with metabolic syndrome between regions and 
genders [61,62]. At M3, the frequency of cereals, tubers, and 
legumes intake declined signiϐicantly after all three bariatric 
procedures (p < 0.001) as shown in Table 4. Most patients 
reported a sensation of “plugging” and an urge to vomit after 
eating rice and noodles during the ϐirst three months or 
even longer, postoperatively. Gastrointestinal complications 
might be a major cause of the reduction in carbohydrate 
intake. The intake of cereals, tubers, and legumes at M3 was 
substantially higher after RYGB than that after SG and SGJB 
(Table 5). Patients who underwent RYGB appeared to have 
a higher tolerance for cereals compared with the tolerance 
in patients who underwent SG or SGJB, even though some 
studies suggest that postoperative intake of monosaccharides 

leads to dumping syndrome and hypoglycemia [63]. The 
reduction of cereals, tubers, and legumes intake at M3 after 
bariatric surgery is a major factor in lowering the total energy 
intake and energy distribution ratio of carbohydrates [20]. 
Nevertheless, we did not ϐind association between the number 
of cereals, tubers, and legumes consumption and weight loss. 
A study by Andromalos found no signiϐicant relationship 
between the energy distribution ratio of macronutrients and 
weight loss [64]. 

The main dietary protein sources are meat, poultry, aquatic 
products, eggs, soybeans, and milk and dairy products, which 
provide complete protein, B vitamins, essential fatty acids, 
calcium, and other nutrients. The average intake of meat, 
poultry, and aquatic products at M0 was higher than the levels 
recommended by the CFP, whereas the intake of eggs, milk 
and dairy products, soybeans were comparatively low. The 
frequency of egg, milk and dairy products intake at M3 was 
signiϐicantly higher at M3 (p < 0.001) than that at M0. Despite 
the fact that plant-based proteins are recommended after 
bariatric surgery, the intake of soybean at M0 was comparable 
to that at M3. According to our dietary assessment, the reasons 
why patients consumed low amounts of high-quality protein 
were as follows: concerns regarding high cholesterol in eggs, 
milk-drinking habits, high purine in soybeans, insecure food 
sources, and time constraints and cost regarding cooking. 

Table 4: Change of intake frequency at baseline (M0) and three months after bariatric 
surgery (M3).

Frequency of intake
(Times/D)

M0
Median (IQR)

M3
Median (IQR) p value

Cereals, Tubers
&Legumes 1.00(1.00, 2.00) 0.00(0.00, 0.00) 0.000

Vegetables 1.00(0.00, 3.00) 1.00(1.00, 3.00) 0.006
Meat, Poultry

&Aquatic products 3.00(2.00, 5.00) 2.00(1.00, 3.00) 0.000

Fruit 0.14(0.14, 0.43) 0.79(0.43, 1.00) 0.000
Eggs 0.43(0.43, 0.79) 0.79(0.43, 1.00) 0.007

Soybeans 0.14(0.43, 0.43) 0.14(0.14, 0.43) 0.847
Milk&

Dairy products 0.14(0.00, 0.43) 0.59(0.14, 1.00) 0.000

The frequency of intake by different food groups before and three months after surgery 
were compared using Mann-Whitney tests (signiϐicant difference of p < 0.05). IQR = 
Interquartile Range (25th percentile, 75th percentile).

Table 5: Change of intake frequency between different types of surgeries.
Frequency of intake

(Times/D) 
SG

Median (IQR)
SGJB

Median (IQR)
RYGB

Median (IQR) p value

Cereals, Tubers
& Legumes 0.0(0.0, 0.0) 0.0(0.0, 0.0) 0.0(0.0, 1.0) 0.001

Vegetables 1.0(1.0, 3.0) 1.0(1.0, 3.0) 2.0(1.0, 3.0) 0.114
Meat, Poultry

& Aquatic products 1.5(1.0, 3.0) 2.0(1.0, 3.0) 2.0(1.5, 3.0) 0.256

Fruit 0.8(0.4, 0.8) 0.6(0.4, 0.8) 0.8(0.4, 1.0) 0.369
Eggs 0.8(0.4, 1.0) 0.8(0.1, 1.0) 0.8(0.1, 1.0) 0.725

Soybeans 0.4(0.1, 0.4) 0.14(0.1, 0.4) 0.4(0, 0.4) 0.693
Milk & Dairy products 0.8(0.1, 1.0) 0.4(0.4, 1.0) 0.4(0.0, 0.8) 0.230
The frequency of intake by different food groups among different types of surgeries 
were compared using Kruskal-Wallis tests (signiϐicant difference of p < 0.05).
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The intake of meat, poultry, and aquatic products decreased 
postoperatively. Tough and dry meat as an important source 
of protein was poorly tolerated early after bariatric surgery. 
Inadequate protein intake and malabsorption after bariatric 
surgery increase the risk of protein deϐiciency [19]. This 
deϐiciency leads to muscle loss, fatigue, hair loss [65], and even 
edema, which exerts an inϐluence on immune function and 
metabolism [9]. Medical nutrition therapy recommendations 
include a high protein intake of at least 60 g or 1.5 g/kg of 
ideal body weight after bariatric surgery [66]. In a study by 
Guillet, et al. [67], spontaneous protein intake after surgery 
could not meet the protein requirements for most patients, 
even though the amount changed over time. During a 7-year 
follow-up study, postoperative protein intake was low, and in 
at least one-quarter of the subjects, the amount was below 
the recommended dietary limit [20]. Although postoperative 
protein powder supplementation helped increase the patients’ 
total protein intake, many patients experienced postoperative 
changes in their sense of taste, and gastrointestinal intolerance, 
which might have decreased their compliance with protein 
supplementation [68]. In our study, only 38.9% of the patients 
reported to take protein powder every day throughout 
three months as suggested, 36.3% of the patients reported 
sometimes, and 24.8% of the patients reported never.

As patients gradually adapt to the changes in dietary 
patterns and the limitations of obesity surgery, gastrointestinal 
symptoms are alleviated [69]. The frequency of intake 
of vegetables (p < 0.05) and fruit (p < 0.001) increased 
signiϐicantly at M3 compared with that at M0. Vegetables 
and fruit containing vitamins, minerals, dietary ϐiber, and 
phytochemicals are important parts of a healthy diet. 
Increasing the intake of fruit and vegetables can effectively 
reduce the risk of chronic diseases [55,70]. Continuous 
nutrition education, such as food choices, eating habits, and 
cooking tips, provided by a registered dietitian collaborating 
with a multidisciplinary team helps patients establish healthy 
dietary patterns.

Weight loss after bariatric surgery does not involve 
addressing energy intake and expenditure alone. Selecting 
speciϐic dietary patterns like Jiangnan diet may have beneϐicial 
impacts on obesity management [71]. Future work is needed 
to investigate the relationships between eating patterns, 
eating behavior, and weight over time.

On the other hand, inner physiological system also plays 
a signiϐicant role as the microenvironment might be changed 
post-surgery. Biobaku, et al. (2020) claims that obesity and 
inϐlammation could be reversal with weight loss by surgery 
via cytokines regulation. Among those cytokines, CCL18 plays 
a role (downregulated) in all three types of surgeries (RYGB, 
SB, and AGB), which suggesting CCL18 might be critical in 
metabolism activities [72-75].

The strengths of this study are that we evaluated three 
different bariatric procedures; we reported the prevalence of 
nutritional deϐiciencies, nutritional supplementation dosage, 
and weight outcomes; and our ϐindings were similar to those in 
previous studies. Although we did not calculate macronutrient 
and micronutrient intake, all patients in this study completed 
follow-up visits, and a 24-hour dietary record was used to 
validate dietary intake. However, a more comprehensive FFQ 
should be used to improve self-reported validity and reduce 
bias. 

Limitation and future directions

While our study demonstrates signiϐicant short-term 
improvements in anthropometric parameters and dietary 
modiϐications following bariatric surgery, the limited three-
month follow-up period precludes an evaluation of the 
long-term sustainability of these changes. The limitation 
of this study was the small number of patients with certain 
nutritional deϐiciencies, such as vitamin B1, folic acid, vitamin 
B12, copper, and calcium due to extended intervals between 
follow-up visits . Additionally, we were unable to evaluate the 
patients’ compliance with nutritional supplementation and 
the durability of weight loss over a long period of time owing to 
a low rate of participation in follow-up visits. Future iterations 
of this work should consider extending the follow-up period to 
12 months or beyond. Such extended monitoring would allow 
us to track whether the early improvements in nutritional 
markers and dietary habits are maintained over time or if 
deϐiciencies recur. Furthermore, our ϐindings support the need 
for tailored, evidence-based supplementation protocols that 
differ according to the type of bariatric procedure. 

Conclusion
In conclusion, bariatric surgery results in signiϐicant short-

term weight loss and favorable changes in dietary patterns. 
However, the durability of these modiϐications remains 
uncertain due to the short follow-up period. Future studies 
should incorporate extended follow-up intervals to better 
understand long-term adherence to dietary modiϐications 
and the potential recurrence of nutritional deϐiciencies. 
Additionally, optimizing supplementation protocols based on 
procedure type may enhance clinical outcomes and patient 
adherence. These ϐindings provide a foundation for future 
research aimed at improving postoperative nutritional 
management and long-term weight maintenance.
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