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Abstract
Background  This study analyzes the long-term outcomes of metabolic bariatric surgery (MBS), focusing on weight 
loss, nutritional deficiencies, and patient satisfaction. We evaluate different surgical techniques to identify their impact 
on these outcomes.

Methods  A five-year retrospective analysis was conducted on 249 patients who underwent MBS at a specialized 
center. Baseline characteristics included an average age of 38.5 years, weight of 118.5 kg, and BMI of 43.2 kg/m². 
Weight loss outcomes were assessed using mean excess weight loss (%EWL) at 60 months. Surgical techniques 
included laparoscopic sleeve gastrectomy (LSG), one anastomosis gastric bypass (OAGB), and Roux-en-Y gastric 
bypass (RYGB). Nutritional deficiencies and patient-reported quality of life were also evaluated.

Results  The mean %EWL at 60 months was 92.1% ± 25.8% (p = 0.013). While LSG and OAGB showed similar weight 
loss patterns, RYGB resulted in further weight reduction from the third year onwards. Patients revised from LSG to 
RYGB had significantly greater weight loss (102.1%) compared to those revised to mini-gastric bypass (MGB) (84.6%, 
p < 0.05). Nutritional deficiencies were prevalent, with 41.2% of revised LSG patients experiencing iron deficiency and 
14.3% developing new vitamin D deficiencies (p < 0.05). Most patients (85%) reported improvements in quality of life, 
and 85% expressed a willingness to undergo surgery again (p = 0.0028).

Conclusions  MBS resulted in substantial and sustained weight loss, particularly in RYGB patients. Surgical revisions, 
especially from LSG to RYGB, were associated with greater weight loss but also increased nutritional risks. Persistent 
iron and vitamin D deficiencies highlight the necessity of individualized supplementation and long-term monitoring. 
Type-targeted supplementation represents an innovative approach to optimizing long-term nutritional support in 
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Introduction
Metabolic bariatric surgery (MBS) is considered one of 
the most effective therapy for the treatment of subjects 
with a (Body Mass Index) BMI over 40  kg/m2 or with 
a BMI between 35 and 40  kg/m2 with obesity-related 
comorbidities [1, 2]. Long-term follow-up studies [3, 
4] demonstrated a substantial mortality reduction in 
patients who previously underwent MBS, as well as a 
reduction in the risk of developing new comorbidities 
with related healthcare costs.

According to the IFSO/ASBMS 2022 guidelines [3], 
MBS is recommended for patients with a BMI ≥ 35  kg/
m², regardless of the presence or severity of comorbidi-
ties. For individuals with a BMI between 30 and 34.9 kg/
m², MBS is indicated when metabolic diseases, such as 
type 2 diabetes, are present and non-surgical treatments 
have failed to achieve adequate control. These guidelines 

also suggest that BMI thresholds should be adjusted to 
different populations, particularly for the Asian popula-
tion, where the threshold for clinical obesity is set at a 
BMI ≥ 25 kg/m² due to the higher metabolic risk. Further-
more, the guidelines emphasise that age should not be 
considered an absolute contraindication for surgery, pro-
vided that frailty and comorbidities are carefully assessed.

Surgical techniques include laparoscopic adjustable 
gastric banding (AGB), laparoscopic sleeve gastrectomy 
(SG), also referred to simply as sleeve gastrectomy, to 
avoid confusion with vertical banded gastroplasty (VBG), 
laparoscopic Roux-en-Y gastric bypass (RYGB), one 
anastomosis gastric bypass (OAGB) and biliopancreatic 
diversion with duodenal switch (BPD/DS). AGB is largely 
abandoned in current clinical practice due to suboptimal 
long-term outcomes. When used, it is typically employed 
in combination with banded sleeve gastrectomy or 

bariatric patients. Future studies with larger cohorts and validated tools are needed to confirm these findings and 
strengthen clinical guidelines.

Trial registration  This study is registered at ClinicalTrials.gov (NCT06664580).
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banded gastric bypass. SG involves the removal of a large 
portion of the stomach, reducing its capacity and hunger 
hormone production [4]. Although less prone to severe 
malnutrition, patients may develop iron, B12 and vitamin 
D deficiencies. RYGB and OAGB combine restrictive and 
malabsorptive components, with the exclusion of part of 
the small intestine, which increases the risk of deficien-
cies of vitamins, calcium, iron and B12 [5]. BPD/DS also 
combines restriction through a SG and malabsorption 
by bypassing a significant portion of the small intestine, 
resulting in substantial weight loss but also a higher risk 
of severe nutritional deficiencies, especially of fat-soluble 
vitamins, protein, iron, calcium and B12 [6]. According 
to the IFSO Worldwide Survey 2020–2021 (Angrisani et 
al., 2024), the most commonly performed bariatric pro-
cedures are SG and RYGB, while LAGB has seen a signifi-
cant decline in use [7].

Among the major drawbacks of all types of MBS is the 
regain of initially lost weight [8]. In addition, the nutri-
tional needs of bariatric patients are often not met, 
despite the widespread use of vitamin and mineral sup-
plements [9]. A recent systematic review has emphasised 
that there is still a lack of long-term follow-up data sug-
gesting how long nutritional deficiencies might persist 
after MBS, especially for RYGB and SG [10]. The risks of 
nutritional deficiencies are greater in patients who have 
undergone RYGB [11], but previous studies have shown 
that, despite the extensive use of supplements, nutritional 
deficiencies can occur several years post-operatively 
even in patients who have undergone SG [12, 13]. Recent 
research further highlights the role of individualized sup-
plementation strategies in mitigating these deficiencies. 
For example, Basolo et al. [14] analyzed the long-term 
effects of a tailored micronutrient supplementation regi-
men, showing that patients receiving targeted formula-
tions exhibited a significantly lower incidence of vitamin 
D and iron deficiencies compared to those following 
generic multivitamin protocols. The study also empha-
sized the importance of adherence to supplementation, 
noting that poor compliance was a key predictor of per-
sistent deficiencies. These findings reinforce the need for 
personalized approaches and continuous biochemical 
monitoring to optimize post-MBS nutritional outcomes.

The study explores the effects after five years of MBS, 
focusing on nutritional health, weight maintenance and 
patient satisfaction, with a focus on the use of targeted 
supplements according to the type of intervention.

Research design and methods
Study design and participants
We retrospectively analyzed the medical records of 249 
patients who underwent MBS at the outpatient ser-
vice of the “Obesity Center” of the Policlinico Tor Ver-
gata University Hospital Rome, Italy between 2012 and 

2017. The cohort consisted predominantly of females 
(95.6%, n = 238), with only 4.4% (n = 11) of participants 
being male. This imbalance reflects the well-documented 
higher prevalence of MBS among women in clinical set-
tings. However, this gender disparity limits our ability 
to conduct meaningful gender-specific analyses. While 
our findings primarily represent outcomes in female 
patients, the extent to which results might differ in males 
remains uncertain. Future studies should consider tar-
geted recruitment strategies to ensure a more balanced 
gender representation, allowing for a deeper exploration 
of potential sex-specific metabolic and nutritional out-
comes post-MBS. We included only subjects with avail-
able follow-up data for at least five years post-surgery. 
Exclusion criteria were as follows: age < 18 or > 65 years, 
personal history of alcoholism, significant social anxi-
ety or difficulty participating in group activities related 
to post-operative care (referred to as social discomfort), 
recent diagnosis (after MBS) of neoplastic diseases, neu-
rocognitive disorders or other systemic diseases (both 
chronic and acute) potentially leading to disability and 
impacting quality of life. We initially examined 260 medi-
cal records of patients who underwent surgery. After 
applying the exclusion criteria, 11 patients were excluded 
for the following reasons: one patient had a personal his-
tory of alcoholism, one patient reported significant social 
anxiety affecting post-operative care participation, one 
patient had a recent diagnosis of neoplastic diseases, 
and 8 patients had incomplete data. The remaining 249 
patients met the inclusion criteria and were retrospec-
tively analyzed. The patients had previously agreed to 
have their data entered into a prospective database, and a 
waiver was obtained from the ethics committee to allow 
for the retrospective review of this data. The different 
MBS procedures included: AGB, LSG, RYGB, BPD/DS, 
and OAGB. In RYGB, the alimentary limb length ranged 
between 100  cm and 150  cm, and the biliopancreatic 
limb length between 50 cm and 100 cm. For OAGB, the 
biliopancreatic limb length ranged between 180 cm and 
220  cm. All subjects were adult white Europeans and 
gave their own written informed consent to be included 
in the analysis. The study protocol conformed to the ethi-
cal guidelines of the 1975 Declaration of Helsinki and 
was approved by the Lazio Area 5 Territorial Ethics Com-
mittee (100/SR/24). This paper has been registered to 
ClinicalTrial.gov (NCT06664580).

Data collection and outcomes
Data were extracted using the electronic clinical records 
regularly provided by the “Obesity Center’’ outpatient 
service. The following clinical data collected prior to MBS 
and at 3, 6, 12, 24, 36, 48 and 60 months after surgery 
were included: age, gender, weight, height, body mass 
index (BMI), routine biochemical examinations, and use 
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of nutritional supplements. Anthropometric data were 
measured at baseline and at each follow-up visit. Follow-
ing overnight fasting, weight and height were collected 
while the subjects were wearing only underwear. To cal-
culate the percentage of excess weight loss (%EWL), a 
BMI of 25 kg/m² was used as a target to define the ideal 
body weight (IBW). This is standard practice in MBS, as 
a BMI of 25 marks the upper limit of the World Health 
Organisation classification for normal weight. The for-
mula for %EWL is: %EWL = [(Initial weight - Postopera-
tive weight) / (Initial weight - Ideal weight)] × 100, where 
ideal weight corresponds to a BMI of 25. This parameter 
is widely adopted in the literature on MBS to assess post-
operative weight loss outcome [16].

According to the self-reported use of nutritional sup-
plements, patients were defined as “adherent” if they 
reported consistent use for a minimum of five days per 
week. Different types of supplements have been studied, 
including surgery-specific supplements formulated to 
meet the nutritional needs of each surgical procedure, 
such as iron supplements for RYGB or vitamin B12 for 
SG, to reduce the risk of deficiencies: (a) bariatric mul-
tivitamin supplements generally formulated for patients 
undergoing MBS without specific adjustments according 
to the type of surgical intervention; (b) bariatric specific 
supplements specifically designed to meet the nutri-
tional needs specific to the type of MBS performed; (c) 
complete nutritional support: This category encompasses 
patients who require comprehensive supplementation, 
typically including a multivitamin combined with addi-
tional nutrients to address individual deficiencies; (d) 
generic multivitamin supplements: This group includes 
all forms of multivitamin supplements, whether stand-
alone or combined with proteins or other components; 
(e) other supplements: Supplements used to target spe-
cific diagnosed deficiencies are categorized here, such 
as symbiotics, zinc, calcium and Vitamin D, iron supple-
ments, Vitamin C, Omega 3, and folic acid.

Nutritional deficiencies were categorized into short-
term and long-term based on the duration of the defi-
ciency post-surgery. Short-term deficiencies were defined 
as those identified within the first 12 months following 
surgery, while long-term deficiencies were those persist-
ing or appearing after 12 months.

At the time of analysis, patients completed a custom-
ized survey assessing key post-surgical outcomes, includ-
ing weight loss, supplement adherence, and patient 
satisfaction. Although this approach allowed us to cap-
ture specific aspects relevant to our cohort, we acknowl-
edge that the use of a validated instrument, such as the 
BAROS, would enhance comparability with existing lit-
erature. Future studies should consider incorporating 
validated tools to improve methodological robustness 
and facilitate cross-study comparisons. In future studies, 

we will consider using validated instruments like BAROS 
for broader comparability. The survey aimed to assess the 
impact of surgery on patients’ quality of life, particularly 
in the context of obesity-related health problems. It was 
designed in a simple manner to facilitate understanding 
and response by the participants. The survey included 
the following two key questions: (a) Post-intervention 
improvement: “Has the quality of life and/or obesity-
associated diseases improved after the intervention?” 
This question seeks to collect subjective data on the per-
sonal health benefits the patient perceives after surgical 
treatment, including both physical and psychological 
aspects. (b) Willingness to repeat surgery: “Would you 
undergo the same surgery again?“. This question aims to 
assess the patient’s satisfaction with the outcome of the 
surgery and whether his or her experience was positive 
enough to justify repeating the surgery under similar 
circumstances.

Statistical analysis
Statistical analysis was performed with the SPSS 25.0 
software (SPSS, Chicago, IL, USA). Means ± SD or abso-
lute and percent values were used as descriptive statistics 
for quantitative and categorical variables, respectively. 
As this is a retrospective study, no formal protocol for 
outlier detection was established. Data were collected 
and analyzed without predefined criteria for outliers. All 
quantitative variables were tested for normality distribu-
tion using the Kolmogorov–Smirnov test and continuous 
parameters with non-normal distribution were loga-
rithmically transformed before being used in the subse-
quent parametric procedures. Differences in continuous 
variables between groups were assessed using analysis of 
variance (ANOVA) test for multiple comparisons, with 
the Bonferroni test as post-hoc analysis. Differences in 
proportions of discrete traits were assessed using the 
chi-square test. Within-groups differences in continu-
ous variables between baseline and follow-up values were 
assessed using the t-test for paired data. In addition, the 
Kruskal-Wallis test was utilized to determine if there 
were statistically significant differences in the median 
percentage of excess weight loss (%EWL) among differ-
ent groups. The Mann-Whitney U test was applied to 
compare mean %EWL at 60 months between patients 
who underwent revision surgery and those who did not, 
across each type of surgical intervention. To account for 
baseline heterogeneity in age, preoperative BMI, and the 
type of procedure performed, a multivariable regres-
sion analysis was conducted. The model was adjusted for 
key variables including age, preoperative BMI, and type 
of bariatric procedure to assess their impact on weight 
at 60 months post-surgery. For all of these analyses, a 
p-value < 0.05, based on a two-sided test, was considered 
statistically significant.
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Results
The entire sample had a mean age of 38.5 years, a mean 
weight of 118.5  kg and a BMI of 43.2  kg/m² (Table  1). 
Although the initial differences in BMI between the dif-
ferent intervention types were not statistically significant 
(p = 0.060), the patients undergoing BPD had the highest 
mean weight. In contrast, there was significant variation 
in age (p = 0.0000045), with patients undergoing OAGB 
being older on average. Follow-up rates were 98.8% at 3 
months, 96.8% at 6 months, 93.5% at 12 months, 90.2% at 
24 months, 87.4% at 36 months, 94.1% at 48 months and 
91.0% at 60 months.

To consider the initial heterogeneity between the 
groups, we conducted a multivariate regression analysis 
to assess the impact of age, preoperative BMI and type 
of bariatric procedure on weight at 60 months postop-
eratively. The regression model included these variables 
as independent predictors, with weight at 60 months as 
the dependent variable. The analysis revealed that the 
type of intervention significantly influenced weight at 60 
months. Specifically, patients who underwent RYGB gas-
tric bypass had a statistically significant weight reduction 
at 60 months (p = 0.015), with a mean weight difference 
of 24.9  kg compared to other procedures. In contrast, 
other types of intervention such as SG, BPD and OAGB 
showed no statistically significant effect on long-term 
outcomes.

The mean %EWL at 60 months varied significantly 
between the groups, with an overall mean of 92.12% and 
a standard deviation of 25.78%. The Kruskal-Wallis test 
showed statistically significant differences in the median 
%EWL between the groups (p = 0.013), suggesting that 
the effectiveness of the procedures may vary significantly. 
Figure 1 shows the comparison of weight loss at 3, 6, 12, 
24, 36, 48, 60 months after surgery for the three most 

common procedures. The averages of the percentage 
weight loss (%WL) show that SG and OAGB have similar 
weight loss trajectories, while RYGB shows from the third 
year onwards a further weight loss, which is not notice-
able in the other two surgeries. However, the differences 
between the procedures at each time point were not 
statistically significant. AGB patients (data not shown) 
exhibited significantly lower %EWL at the final follow-up 
compared to the other procedures. This outcome aligns 
with the restrictive nature of AGB and its declining use in 
clinical practice due to its suboptimal long-term efficacy.

Comparison of primary and revision procedures
In our analysis, revised patients are those who underwent 
a second bariatric surgical procedure due to insufficient 
weight loss or complications related to the primary inter-
vention. Among the revised patients (n = 38), revisions 
were most common among those who had previously 
undergone LSG (55.3%), followed by AGB (26.3%), RYGB 
(15.8%), and MGB (2.6%). The mean time since the initial 
operation was 9.9 Full details on revision indications and 
surgical techniques are provided in the Supplementary 
Material. A total of 38 patients (15.3%) underwent revi-
sion surgery. Among those who initially underwent AGB, 
1 case was converted to SG due to band slippage, while 
5 cases were revised to OAGB and 4 to RYGB, primar-
ily due to insufficient weight loss. For patients who had 
previously undergone BPD, 1 case was revised to RYGB 
due to malabsorption, 1 case was converted to a banded 
absorption and restriction system due to persistent mal-
nutrition, and 1 case required a revision to enhance 
nutrient absorption due to severe deficiencies. Among 
those initially treated with RYGB, 5 cases were revised 
to OAGB due to weight regain or insufficient weight loss, 
while 1 case required a revision to another RYGB due 

Table 1  Comparison of age, initial weight, and BMI across different metabolic bariatric surgery procedures
Overall sample AGB LSG OAGB RYGB BPD Other procedures p-value

n. 249 (F 238) 16 118 54 49 7 5 -
Age 38.5 ± 9.1 40.8 ± 7.5 35.4 ± 9.2 43.4 ± 8.5 39.7 ± 7.7 37.2 ± 9.3 40.7 ± 6.5 0.0000045
Body Weight 118.5 ± 19.5 110.8 ± 20.9 116.8 ± 17.3 114.1 ± 15.6 123.4 ± 19.8 147.2 ± 32.3 139.4 ± 27.1 0.0024
BMI 43.2 ± 4.67 42.6 ± 5.0 43.4 ± 4.5 41.4 ± 4.5 44.1 ± 4.1 48.5 ± 7.8 45.0 ± 5.5 0.060
%EWL at 60 months
(all sample)

92.1 ± 25.8 72.9 ± 28.4 88.3 ± 25.9 96.1 ± 24.3 95.9 ± 24.1 115.6 ± 11.2 103.1 ± 22 0.013

%EWL at 60 months
(non revised) *

95.2 ± 24.3 82.5 ± 34.1 91 ± 23.7 95.8 ± 24.8 97.3 ± 25.3 114.7 ± 15.6 103 ° 0.094

%EWL at 60 months
(revised) *

86.1 ± 27.9 70.4 ± 28.9 84.6 ± 28.7 102.1 ° 91.5 ± 21.3 116.2 ± 11.2 102 ° 0.087

Age, Weight, and BMI of different types of bariatric surgeries and the total sample. P-values indicate the statistical significance of differences across groups. Data 
as mean ± SD. AGB, Adjustable gastric banding SG, laparoscopic vertical gastrectomy, RYGB, laparoscopic Roux-en-Y gastric bypass; OAGB, one anastomosis gastric 
bypass, BPD, biliopancreatic diversion. %EWL = [(Initial Weight) - (Postop Weight)]/[(Initial Weight) - (Ideal Weight)] x 100, ideal weight is defined by the weight 
corresponding to a BMI of 25 kg/m2. Other procedures include: Biliopancreatic Diversion with Duodenal Switch (BPD/DS) (1 patient), Vertical Banded Gastroplasty 
(2 patients), Bilio-intestinal bypass (1 patient), Overstichs (1 patient), Sleeve Gastrectomy Endozip (1 patient), and SWEECH Duodenale (1 patient). (*) Mann-Whitney 
U tests showed no statistically significant differences in mean %EWL at 60 months between revised and non-revised patients for each type of intervention. The 
p-values obtained are: LSB (p = 0.613), OAGB (p = 0.818), RYGB (p = 0.475), AGB (p = 0.711), Other procedures (p = 1.000), and BPD (p = 0.800). The number of patients 
who underwent revised surgery is as follows: AGB (8), SG (20), RYGB (6), BPD (3), OAGB (1), and Other Procedures (1). (°) Due to the low number of cases for OAGB and 
Other Procedures (only one patient each), standard deviations were not calculated for these categories



Page 6 of 15Gorini et al. Journal of Translational Medicine          (2025) 23:216 

to anatomical complications. Revisions were most fre-
quent in LSG patients, with 10 cases revised to a bypass 
procedure due to GERD and insufficient weight loss, 7 
cases converted to mini bypass due to GERD and weight 
regain, 1 case requiring resleeve due to inadequate 
weight loss, and 1 case revised to Roux-en-Y esophago-
jejunostomy to address severe reflux complications. Non-
revised patients, on the other hand, are those who only 
underwent the primary surgery without the need for fur-
ther intervention. Differences in %EWL between revised 
and non-revised patients were analysed for each type of 
intervention using the Mann-Whitney U test. The p-val-
ues refer to these comparisons between the two groups, 
for each type of surgery at 60 months follow-up. In most 
of the comparisons, no statistically significant differences 
emerged. Figure 1S (Supplementary Material) shows the 
comparison between the effect of SG revisions and that 
of patients who did not undergo revisions. In addition, 
a t-test revealed no significant differences in %EWL at 
60 months between the revised and non-revised groups 
(data not shown, p = 0.970). In the comparison between 
revised and non-revised RYGB patients (Fig.  2S), the 
weight loss trajectory differed significantly between the 
groups.

Nutritional deficiencies and supplements
Figure 2 provides a comprehensive assessment of nutri-
ent deficiencies after various types of MBS, distinguish-
ing between patients who underwent initial surgery and 
those who required revision. In particular, iron deficiency 
remains a significant problem in almost all types of sur-
gery. Despite the widespread use of supplements, targeted 
supplementation shows potential benefits in reducing 
deficiencies of essential nutrients such as vitamin D and 
B12, especially in patients who have undergone revisions 
or more malabsorptive interventions. Furthermore, com-
parison of initial and revision surgery reveals significant 
disparities in deficiency rates. For example, patients who 
underwent SG revision have significantly higher deficien-
cies in iron, vitamin D and folic acid than those who did 
not undergo revision. When assessing the occurrence of 
new nutritional deficiencies after surgery, it is observed 
that these are relatively lower but still significant in some 
groups, such as 11.6 per cent new vitamin D deficiencies 
in patients with unrevised RYGB and 14.3 per cent new 
iron deficiencies in patients with revised SG. Table  1S 
provides detailed data on nutrient deficiencies, illus-
trating higher deficiencies of iron, vitamin D, and folic 
acid in patients revised from SG to RYGB compared to 
non-revised patients. The analysis shows that the per-
centage of supplement use varies significantly between 

Fig. 1  Comparison of percentage weight loss (%WL) post metabolic bariatric surgery between sleeve gastrectomy, one anastomosis gastric bypass or 
mini bypass and gastric bypass (Roux-en-Y). Longitudinal analysis of percent weight loss (%WL) at 3, 6, 12, 24, 36, 48, and 60 months after Sleeve Gas-
trectomy, OAGB, and Gastric Bypass (Roux-en-Y) surgeries. The p-values for differences between surgery types at each time point were calculated using 
one-way ANOVA: 3 months (p = 0.262), 6 months (p = 0.905), 12 months (p = 0.774), 24 months (p = 0.999), 36 months (p = 0.963), 48 months (p = 0.234), 
and 60 months (p = 0.349)
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the different types of surgery and between patients with 
and without revision surgery (Fig. 2). In general, patients 
undergoing SG and OAGB with revision report a higher 
use of supplements and a higher incidence of short- and 
long-term nutritional deficiencies than those without 
revision. The difference in long-term nutritional deficien-
cies between intervention types is statistically significant 
(p = 0.0039), as is the difference in short-term (p = 0.0358) 
and long-term (p = 0.0019) deficiencies between patients 
with and without revision intervention.

The analysis reveals significant differences in the use 
of supplements between the various types of surgery 
(Table  2). Bariatric-specific supplements are most com-
monly used in OAGB and RYGB patients, whereas 

complete nutritional support is prevalent in ‘Other’ pro-
cedures. General multivitamin supplements are used rel-
atively evenly across the different types of surgery, with a 
slight predominance in SG and RYGB patients.

The analysis indicates varying percentages of nutri-
tional deficiencies associated with different categories 
of supplements (Table  3). Supplements specifically for 
MBS show a higher incidence of short-term deficien-
cies (47.1%) than the other categories. In contrast, mul-
tivitamins are associated with the highest long-term 
deficiencies (46.7%). The most common deficiencies 
in all categories include iron and vitamin D, reflecting 
their critical role in post-surgical recovery and health 
maintenance.

Table 2  Use of supplements in bariatric patients by type of surgery
Type of Surgery Generic Bariatric 

Multivitamins
Bariatric-Specific 
Supplements

Complete Nutri-
tional Support

Generic 
Multivitamins

Other Supplements Total 
Supple-
ment 
Use (%)

AGB 18.8% ✓ 6.2% 12.5% 12.5% 6.2% 56.2%
SG 22.0% ↑ 1.7% 5.9% 19.5% ✓ 7.6% 56.8%
OAGB 38.2% ↑↑ 20.0% ↑ 9.1% 14.5% 3.6% 85.5% ↑↑
Other 9.1% 9.1% 36.4% ↑↑ 9.1% 0.0% 63.6% ↑
RYGB 30.6% ↑ 26.5% ↑ 2.0% 18.4% ✓ 6.1% 83.7% ↑↑
Total Use (%) 26.5% 11.2% 7.6% 17.3% 6.0% 68.7%
Table 2 presents the percentage of patients using different types of supplements, categorized by type of metabolic bariatric surgery. To improve readability, arrows 
indicate higher prevalence, and bold text highlights total supplement use per intervention type. Notably, OAGB and RYGB patients reported the highest overall 
supplement use (85.5% and 83.7%, respectively), with a strong preference for bariatric-specific and generic multivitamins. In contrast, SG and AGB patients exhibited 
lower rates of bariatric-specific supplement use. The ‘Other’ category showed the highest use of complete nutritional support (36.4%)

Fig. 2  Heatmap of supplement use and nutritional deficiencies post metabolic bariatric surgery by type of surgery and presence of revisions. The heat-
map shows the short- and long-term utilisation rates of supplements and nutritional deficiencies for patients undergoing MBS. The data are broken down 
by type of surgery: AGB (Adjustable Gastric Banding), SG (Laparoscopic Sleeve Gastrectomy), OAGB (one anastomosis gastric bypass), RYGB (Roux-en-Y 
Gastric Bypass), and other types of surgery grouped as ‘Other’. Other procedures: Vertical Banded Gastroplasty (2 subjects); Biliopancreatic Diversion with 
Duodenal Switch (2), Endoscopic Sleeve Gastroplasty (ESG) using the OverStitch device (1). Chi-square test was used. Surgery Type vs. Supplement Use 
(p = 0.00018), Surgery Type vs. Long-Term Deficiency (p = 0.0039), Revision Status vs. Short-Term Deficiency (p = 0.0358), Revision Status vs. Long-Term 
Deficiency (p = 0.0019)
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Satisfaction and quality of life
Significant differences were observed in patient-reported 
improvements in quality of life and willingness to repeat 
the surgery, with p-values of 0.0028 and 0.0019, respec-
tively. The heatmap visualisation (Fig.  3) clearly indi-
cates higher satisfaction rates in patients undergoing SG, 
OAGB and RYGB, as reflected by higher percentages of 
positive responses. The heatmap indicates varied levels 
of satisfaction across different surgery types, with most 
showing high satisfaction in quality of life improvements. 
Willingness to undergo the same surgery again also dem-
onstrated high satisfaction, though some variations exist.

Figure  4 gives an overview of the results reported by 
patients after the different combinations of MBS revi-
sions, showing a high percentage of patients reporting 
an improvement in quality of life in all groups. In par-
ticular, all patients who underwent Banding with RYGB 
or OAGB reported a 100% improvement in quality of life 
and willingness to undergo the surgery again. However, 
in the LSB plus OAGB group, less willingness to repeat 
the operation was observed, with only 42.9% of patients 
opting for reoperation despite a 71.4% improvement in 
quality of life.

Table 3  Analysis of nutritional deficiencies and supplement use after metabolic bariatric surgery
Supplement Category Short-term 

Deficiencies 
(%)

Short-term Deficiencies ° Long-term 
Deficien-
cies (%)

Long-term Deficien-
cies °

generic bariatric multivitamin 
supplements

19.1% Iron (33.3%), Vitamin D (33.3%), Vitamin B12 (13.3%) 20.6% Iron (36.7%), Vitamin D 
(20%), Vitamin B12 (16.7%)

bariatric specific supplements 47.1% Iron (29.2%), Vitamin D (29.2%), Proteins (20.8%) 23.5% Iron (41.7%), Vitamin D 
(16.7%), Zinc (16.7%)

complete nutritional support 27.3% Iron (62.5%), Folic Acid (12.5%), Vitamin B12 (12.5%) 27.3% Iron (62.5%), Vitamin D 
(25%), Vitamin B12 (12.5%)

generic multivitamin supplements 33.3% Vitamin D (33.3%), Iron (33.3%), Calcium (16.7%) 46.7% Vitamin D (44.4%), Iron 
(22.2%), Folic Acid (16.7%)

other supplements 40% Vitamin D (39.1%), Iron (34.8%), Magnesium (13%) 34.3% Iron (60%), Vitamin D 
(40%)

The table presents the percentages of short- and long-term nutritional deficiencies associated with each category of supplements taken by patients undergoing 
metabolic bariatric surgery (MBS). Short-term deficiencies were defined as those occurring within the first 12 months after surgery, while long-term deficiencies 
were those persisting or emerging beyond 12 months. Deficiencies assessed include iron, vitamin D, vitamin B12, calcium, folic acid, zinc, proteins, and magnesium. 
Type of supplements: (a) generic bariatric multivitamin supplements generally formulated for patients undergoing MBS without specific adjustments according to 
the type of surgical intervention; (b) bariatric specific supplements specifically designed to meet the nutritional needs specific to the type of MBS performed; (c) 
complete nutritional support: This category encompasses patients who require comprehensive supplementation, typically including a multivitamin combined with 
additional nutrients to address individual deficiencies; (d) generic multivitamin supplements: This group includes all forms of multivitamin supplements, whether 
standalone or combined with proteins or other components; (e) other supplements: Supplements used to target specific diagnosed deficiencies are categorised 
here, such as symbiotics, zinc, calcium and Vitamin D, iron supplements, Vitamin C, Omega 3, and folic acid. Only the 3 most common deficiencies (°) for each 
supplement category are shown to highlight the most clinically relevant outcomes

Fig. 3  Impact of surgical type on patient outcomes and satisfaction in metabolic bariatric surgery. Heatmap showing the percentage of positive respons-
es to questions about improvements in quality of life and willingness to undergo the same surgery again, by type of surgical intervention. Chi-squared 
tests indicate significant differences in responses across surgical types (p-values: Improved Quality of Life: 0.0028; Would Do Surgery Again: 0.0019)
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Discussion
Weight loss outcomes
The comparison of the effectiveness of bariatric surgeries 
such as SG, OAGB and RYGB is a critical area of study 
for both clinical practice and patient decision-making. 
SG and OAGB are both popular choices for bariatric sur-
gery and have been shown to provide substantial benefits 
in terms of short- and medium-term weight loss [15]. The 
early results of these procedures provide useful guidance 
for patients and physicians in choosing the initial inter-
vention, considering factors such as patient preferences, 
comorbidities and individual metabolic responses [16]. 
However, while short-term results are often similar, long-
term data provide a different perspective, highlighting in 
particular the superior efficacy of RYGB in maintaining 
weight loss. Starting in the third year post-intervention, 
our data shows that patients who have undergone RYGB 
experienced a more pronounced weight loss, a trend not 
commonly observed with SG or OAGB [17].

The sustained weight reduction from RYGB likely 
results from its malabsorptive component, offering a 
metabolic advantage. Bypassing a portion of the small 
intestine, absent in SG and OAGB, likely improves 
long-term control of comorbid conditions such as dia-
betes and hyperlipidaemia, offering not only weight 
loss benefits but also broader metabolic improvements 
[18]. These results are consistent with previous research 

suggesting that RYGB’s dual mechanism of restriction 
and malabsorption plays a crucial role in its long-term 
efficacy [19]. In addition to these mechanical effects, 
RYGB induces significant hormonal changes that fur-
ther contribute to its success [20]. RYGB lowers ghrelin 
levels, reducing hunger, while increasing the secretion of 
glucagon-like peptide 1 (GLP-1) and peptide YY (PYY), 
key regulators of satiety and glucose homeostasis. Addi-
tionally, RYGB enhances bile acid circulation, promoting 
fat metabolism and stimulating further GLP-1 release, 
creating a synergistic effect that supports weight loss 
and broader metabolic improvements. RYGB also raises 
oxytomodulin (OXM) levels, enhancing satiety, delay-
ing gastric emptying, and improving insulin sensitivity. 
The combined effect of reduced ghrelin, elevated GLP-1, 
PYY, and OXM, and bile acid interactions with recep-
tors like TGR5 and FXR, leads to improved glucose and 
lipid metabolism [21]. Changes in the gut microbiota 
after RYGB may also contribute to its long-term efficacy. 
MBS, including RYGB, not only alters the anatomy of the 
gut, but also significantly remodels the gut microbiota, 
leading to a beneficial microbial composition associated 
with metabolic improvements. In particular, RYGB has 
been associated with alterations in the gut microbiota, 
including changes in the Firmicutes/Bacteroidetes ratio, 
which may influence energy balance and glucose homeo-
stasis. While some studies suggest that an increased 

Fig. 4  Outcomes of surgical revision: a heatmap analysis of quality of life and repeat surgery willingness among patients. Heatmap displaying the per-
centages of patients reporting improved quality of life and willingness to undergo the same surgery again, based on the type of surgical revision. This 
data includes both specific interventions and an aggregated ‘Other’ category for less common surgeries. The p-values for improved quality of life and 
willingness to undergo surgery again are 0.937 and 0.195, respectively. Included surgery combinations for ‘Other’ are: Sleeve gastrectomy + Esophagoje-
junostomy, Biliopancreatic diversion (BPD) + Absorption and restriction system with banding, Sleeve gastrectomy + Re-sleeve, Biliopancreatic diversion 
(BPD) + Gastric bypass (Roux-en-Y), Biliopancreatic diversion (BPD) + Revision to increase absorption, OAGB+ Converted to traditional bypass for biliary 
reflux, Biliopancreatic Diversion with Duodenal Switch (BPD/DS) + OAGB, Banding + Sleeve gastrectomy, and Overstitch + Gastric bypass (Roux-en-Y)
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Firmicutes-to-Bacteroidetes ratio may be linked to 
greater energy harvest and obesity, the direct associa-
tion between shifts in this ratio and increased energy 
expenditure in humans remains unclear. Magne et al. 
[22] highlighted the variability in findings across stud-
ies, emphasizing that the Firmicutes/Bacteroidetes ratio 
alone may not be a definitive marker of metabolic adap-
tations following surgery. Further research is needed to 
elucidate the causal relationship between gut micro-
biota composition and energy metabolism post-RYGB. 
Furthermore, RYGB can promote the proliferation of 
beneficial bacteria such as Akkermansia muciniphila, 
which has been associated with improved metabolic 
health. For instance, Depommier et al. [23] demonstrated 
that supplementation with pasteurized A. muciniphila 
improved insulin sensitivity and reduced plasma choles-
terol levels in overweight and obese individuals, suggest-
ing a role in enhancing metabolic functions. However, 
despite these positive changes, the gut microbiota does 
not fully recover after surgery and dysbiosis may per-
sist, contributing to micronutrient deficiencies that 
require long-term supplementation and careful dietary 
management [24–27]. AGB is known to produce lower 
long-term weight loss than procedures such as RYGB 
and SG. The main reason is its restrictive mechanism, 
which does not address the malabsorptive component 
that contributes to the success of the other procedures. 
Therefore, in this study, we presented the results of AGB 
separately to avoid inappropriate comparisons. The lower 
%EWL observed in patients with AGB is in line with the 
expected results of this procedure, further supporting 
the abandonment of its use in favour of more effective 
bariatric techniques. Our data corroborate the findings 
of Yilmaz et al. [28], who reported the need for revision 
after SG due to insufficient weight loss, weight recovery 
and problems such as gastroesophageal reflux disease 
(GERD). In our cohort, as in Yilmaz’s study, revision from 
SG to RYGB resulted in better outcomes than other revi-
sion options, supporting the effectiveness of RYGB as a 
revision strategy. Although no significant differences in 
long-term %WL emerged between the revised and non-
revised groups (Fig. 1s), patients revised to RYGB showed 
a more favourable weight loss trajectory, consistent with 
Yilmaz’s observations regarding the metabolic benefits of 
RYGB, especially in cases of GERD and high-calorie food 
consumption. Given the higher success rate observed 
with RYGB revisions, this may be considered the pre-
ferred revision strategy, particularly for patients who have 
achieved suboptimal results from SG [27]. Interestingly, 
as shown in Fig. 2S, patients undergoing RYGB revision 
initially have a more pronounced %WL than non-revised 
patients, with significant differences emerging as early 
as 6 months and persisting up to 36 months. However, 
from 48 months onwards, the difference between the 

two groups tends to decrease, indicating that the effect of 
revision may stabilise in the long term, with a levelling off 
of weight loss results. This reflects what Alexandrou et al. 
[29] reported, which highlights the complexity of manag-
ing patients with post-RYGB failure. Although revisions 
may temporarily improve weight loss, long-term success 
depends not only on the choice of procedure, but also on 
nutritional management and post-operative follow-up 
[30].

Nutritional deficiencies
Changes in gastrointestinal anatomy and nutrient 
absorption following bariatric surgery significantly 
impact micronutrient status, particularly for iron and 
vitamin D. Iron deficiency is among the most prevalent 
long-term complications, with prevalence rates ranging 
from 18 to 53% after RYGB and 1–54% after SG, due to 
bypassing the duodenum and reduced gastric acid secre-
tion, both of which are crucial for iron absorption [31]. 
Despite routine supplementation, persistent deficien-
cies remain an issue, particularly in revision patients, as 
observed in our cohort (41.2% iron deficiency in SG-to-
RYGB revisions). Prior studies confirm that post-RYGB 
patients require higher iron supplementation due to 
impaired absorption compared to SG patients [32]. Simi-
larly, vitamin D deficiency is highly prevalent both pre- 
and post-surgery, affecting up to 80% of MBS patients 
prior to intervention. Postoperatively, the reduced capac-
ity for vitamin D absorption, coupled with limited dietary 
intake and altered fat metabolism, exacerbates this defi-
ciency, particularly in malabsorptive procedures such as 
RYGB and BPD [33]. Our results further highlight that 
long-term vitamin D deficiency remains a concern even 
in non-revised patients, with 11.6% of unrevised RYGB 
patients developing new deficiencies. This aligns with 
reports showing that patients undergoing bariatric sur-
gery require higher doses of vitamin D supplementation 
to maintain adequate serum levels [34]. The prevalence 
of iron deficiency after RYGB and SG ranges from 18 to 
53% and 1 to 54% respectively [35]. Our results suggest 
the need for more aggressive or alternative supplementa-
tion strategies to address this ongoing challenge. Interest-
ingly, the use of specific supplements for MBS does not 
seem to offer significant advantages over generic multi-
vitamins. Patients undergoing revision surgery require 
particular attention; in our cohort, iron deficiency rose 
from 17.7 to 41.2% in those revised from SG to RYGB. 
Duodenum bypass in RYGB and reduced gastric acid 
production both contribute to iron absorption problems 
[36]. Despite targeted supplementation, iron deficiency 
remains common, stressing the need for ongoing moni-
toring and alternative approaches.

In our study, a long-term deficiency of crucial nutrients 
such as vitamin D and B12 was observed. Our results 
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reveal significant disparities in deficiency rates between 
initial surgery and subsequent revisions. In particular, 
patients undergoing revision SG have greater vitamin D 
and folic acid deficiencies than their non-revised coun-
terparts [37]. This is in line with studies suggesting that 
surgical revisions may further alter intestinal homeosta-
sis, possibly intensifying malabsorption problems [38]. 
Although in the case of severely malnourished patients 
(especially in the case of BPD) revision can be effective in 
discontinuing supportive nutrition [39]. Furthermore, the 
occurrence of new nutritional deficiencies after surgery, 
although relatively low, remains clinically significant. For 
example, 11.6% of patients with unrevised RYGB develop 
new vitamin D deficiencies and 14.3% of patients with 
revised SG report new iron deficiencies. These results are 
of particular concern because they suggest that surgery 
may induce new metabolic demands or malabsorption 
problems that were not present prior to surgery, even 
in patients compliant with prescription supplements. 
Longitudinal studies have documented similar trends, 
in which patients develop new deficiencies several years 
after surgery, necessitating ongoing nutritional assess-
ments and interventions [40, 41].

Supplementation and recommendations
The data in Tables 2 and 3 indicate that there are no sig-
nificant differences in efficacy between generic multivita-
min supplements for bariatric use, specific supplements 
for bariatric use and complete nutritional support, as all 
show comparable short- and long-term deficiency rates. 
This suggests that each of these types of supplements, 
whether specifically designed for bariatric patients or 
providing a more comprehensive range of nutrients, tend 
to perform similarly in meeting nutritional needs postop-
eratively. Our data are in contrast to the results of a pre-
vious study [42], which found that formulated vitamins 
had no significant differences in micronutrient levels or 
costs compared to separate standard vitamin supple-
ments. However, the study also found that formulated 
bariatric vitamins improved patient compliance. This 
suggests that although the biochemical efficacy of formu-
lated and separate supplements may be comparable, the 
convenience and personalised nature of formulated bar-
iatric vitamins appear to improve patient adherence to 
the supplementation regimen [43]. Therefore, the type of 
supplement may affect not just nutrition, but also patient 
adherence and recovery. On the other hand, generic mul-
tivitamin supplements show lower efficacy, indicated by 
higher long-term deficiency rates. This may be due to 
their less targeted nature, which may not meet the more 
specific and sometimes more severe nutritional needs 
after MBS. This highlights the need for more specialised 
multivitamin formulations to better meet the unique 
challenges faced by patients undergoing MBS, reinforcing 

the importance of choosing the right type of supplement 
for optimal post-operative nutritional management [44]. 
While our results suggest that bariatric-specific supple-
ments did not offer significant advantages over generic 
multivitamins, it is important to consider that 16.9% of 
patients had pre-existing nutritional deficiencies before 
undergoing MBS. This could indicate that some deficien-
cies originate preoperatively rather than being solely a 
consequence of surgery. Identifying and correcting these 
deficiencies before intervention may enhance post-surgi-
cal nutritional outcomes, an aspect that future research 
should investigate. Post-bariatric surgery patients face 
the dual challenge of preventing nutritional deficiencies 
while preserving lean body mass, particularly given the 
risk of sarcopenic obesity. As highlighted before, sarco-
penic obesity results from a combination of muscle loss 
and excess adiposity, which may be exacerbated by inad-
equate protein intake and suboptimal micronutrient sta-
tus [45].

Figure  4 shows higher satisfaction rates in patients 
undergoing SG, OAGB and RYGB, indicated by high 
percentages of positive responses. This higher satisfac-
tion is probably related to the lower nutritional deficien-
cies observed with these types of procedures compared 
to procedures such as BPD and the limited efficacy in 
weight loss observed with banding procedures. The 
heat map shows varying satisfaction levels across inter-
ventions, with most reporting high satisfaction and 
improved quality of life.

Patients’ satisfaction
SG, OAGB and RYGB, reported a 100% improvement in 
quality of life and an equivalent willingness to undergo 
surgery again. This unanimous positive feedback under-
lines the effectiveness of these combined procedures in 
improving patient satisfaction and overall quality of life 
after surgery. This higher satisfaction is probably related 
to the lower nutritional deficiencies observed in these 
types of intervention compared to procedures such as 
BPD and the limited effectiveness in weight loss observed 
with banding procedures [46]. In contrast, SG combined 
with OAGB shows a significant disparity between the 
reported improvement in quality of life (71.4%) and the 
willingness to undergo the same procedure again (42.9%). 
This gap may reflect issues beyond improvements in 
physical health, such as the surgical experience, the 
recovery process, long-term complications, or unfulfilled 
expectations regarding results. Furthermore, psychologi-
cal factors such as mood disorders and patient attitude 
play a crucial role in determining adherence to lifestyle 
changes after surgery. Addressing these aspects through 
psychological interventions is essential to improve gen-
eral well-being and quality of life. Improvements in men-
tal health conditions, probably brought about by weight 
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loss, hormonal changes and strengthening of self-esteem 
and body image after the intervention, further contrib-
ute to improved long-term health outcomes. This under-
lines the importance of a holistic approach in MBS care, 
including both medical and psychological support to 
optimise patient outcomes [47].

Limitations and future directions
This study has several limitations. Firstly, the retrospec-
tive design limits the ability to establish causality between 
the type of intervention and long-term outcomes such as 
weight loss and nutritional deficiencies. Furthermore, we 
did not use a validated instrument such as the BAROS 
questionnaire to assess patient outcomes. Instead, we 
used a simple, customised survey tailored to the specific 
needs of our cohort. In future studies, we plan to inte-
grate validated instruments such as BAROS to improve 
the comparability and robustness of our results. Second, 
the use of self-reported data for supplement intake and 
patient satisfaction introduces the potential for recall 
bias. Self-reported adherence to supplementation regi-
mens may be subject to overestimation, and subjective 
assessments of quality of life can be influenced by per-
sonal expectations and cognitive biases. Future stud-
ies should consider integrating objective monitoring 
systems, such as electronic medical records, automated 
supplement tracking, or direct biochemical assess-
ments, to improve data accuracy and reduce reliance on 
patient-reported outcomes. Comparison with clinical 
parameters, including serum micronutrient levels, could 
further validate self-reported supplementation adher-
ence and deficiency rates, enhancing the robustness of 
future analyses. Third, the predominantly white Euro-
pean population limits the generalisability of our results 
to more diverse populations. The substantial gender 
imbalance in our cohort, with females comprising 95.6% 
of the sample, is consistent with the higher prevalence of 
bariatric surgery among women. However, this limited 
male representation (4.4%) constrains our ability to ana-
lyze potential gender differences in surgical outcomes, 
nutritional deficiencies, and patient satisfaction. Previous 
studies suggest that sex-specific hormonal, metabolic, 
and behavioral factors may influence weight loss trajec-
tories and micronutrient status post-surgery. While our 
data predominantly reflect female patients, a more gen-
der-balanced sample would provide valuable insights into 
differential responses to MBS. Future research should 
consider stratified analyses or targeted recruitment of 
male patients to better elucidate these differences. Addi-
tionally, qualitative studies focusing on the lived experi-
ences of male MBS patients could help uncover unique 
barriers and adherence challenges in this population. 
The cohort’s heterogeneity, with different procedures 
over five years, limits direct comparisons. Although this 

reflects real-world clinical practice, it limits direct com-
parison between procedures. To overcome this prob-
lem, we performed a multivariable regression analysis to 
adjust for baseline differences, but future studies should 
focus on more homogeneous cohorts or analyses strati-
fied by procedure type to minimise this problem. Fur-
thermore, the use of a simple, personalised questionnaire 
to assess quality of life may not have captured all aspects 
of the post-surgical experience as comprehensively as 
validated instruments would. Thus, Dietary factors influ-
ence gut microbiota and metabolism, but we did not 
systematically assess dietary intake post-surgery. Future 
studies should integrate detailed dietary assessments 
to better understand diet-microbiota interactions after 
RYGB. While we assessed long-term nutritional out-
comes and supplement adherence, we did not collect spe-
cific data on food tolerability, particularly during the first 
year after MBS. Early post-surgical dietary tolerance can 
influence nutrient intake, compliance with supplemen-
tation, and overall patient adaptation to dietary recom-
mendations. Additionally, we did not investigate specific 
dietary patterns, such as adherence to a plant-based diet, 
which could impact micronutrient status and long-term 
metabolic outcomes. Given the growing interest in sus-
tainable nutrition and the role of plant-based protein 
sources in maintaining muscle mass post-MBS, future 
studies should explore the impact of legume consump-
tion on nutritional adequacy in bariatric patients [48] 
highlight the importance of culinary and educational 
strategies to enhance legume intake, which could be par-
ticularly relevant for post-bariatric dietary recommenda-
tions.Finally, the small number of patients undergoing 
revision surgery reduces the statistical power of compari-
sons between groups. Although these preliminary results 
provide insight into potential differences in outcomes, 
larger samples and the use of validated questionnaires in 
future research will help to confirm these findings and 
strengthen statistical analyses.

To provide practical clinical insights based on our find-
ings, Table  4 summarizes our key recommendations for 
optimizing long-term MBS outcomes, with a focus on 
supplement use, monitoring for deficiencies, and manag-
ing revisions.

Conclusions
Our study emphasises the importance of personalised 
nutritional management and careful selection of surgical 
techniques to optimise the long-term outcome of MBS. 
Persistent nutritional deficiencies, particularly of iron, 
vitamin D and B12, highlight the need for customised 
supplementation protocols and long-term monitoring. 
The efficacy of RYGB, especially in reviews, demonstrates 
the critical role of choosing the right surgical strategy, 
while recognising the associated nutritional challenges. 



Page 13 of 15Gorini et al. Journal of Translational Medicine          (2025) 23:216 

Future research should focus on larger cohorts and vali-
dated tools to further these findings and refine clinical 
guidelines for primary and revision interventions.
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