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Abstract
Background  Most patients achieve successful weight loss following metabolic bariatric surgery (MBS), but they face an 
increased risk of micronutrient deficiencies due to altered gastrointestinal physiology and dietary restrictions. This study 
evaluated the impact of a specialized multivitamin on blood serum levels before MBS.
Methods  A prospective, within-patient comparison trial was conducted between January and July 2023 at a large bariatric 
clinic. Differences in serum micronutrient levels between baseline and the 3-month follow-up were assessed, along with 
changes in the prevalence of micronutrient deficiencies.
Results  Of 120 patients recruited, 99 (82.5%) completed the 3-month follow-up. Significant changes were observed in 13 
of 21 serum parameters (61.9%). Ten parameters, including iron, vitamin K1, zinc, C-reactive protein, hemoglobin, hema-
tocrit, mean corpuscular volume, calcium, folic acid, and vitamin D, showed significant increases (p < 0.001). Conversely, 
magnesium, phosphate, and albumin levels significantly decreased (p < 0.001). Among 21 parameters, deficiencies were 
identified in 17 (80.1%), with prevalence rates ranging from 1.0% (copper) to 88.8% (vitamin D). After 3 months, signifi-
cant reductions in deficiency prevalence were observed for iron, folic acid, and vitamin D. However, phosphate deficiency 
increased significantly, from 2.1 to 19.8% (p < 0.001).
Conclusions  Micronutrient deficiencies are prevalent in patients with obesity. Preoperative specialized multivitamin sup-
plementation effectively reduces key deficiencies, particularly in iron, folic acid, and vitamin D. Future research should 
address residual deficiencies and evaluate long-term outcomes of prolonged supplementation.

Keywords  Metabolic bariatric surgery · Micronutrient deficiencies · Multivitamin supplementation · Preoperative care · 
Obesity

Introduction

Obesity is a significant contributor to a broad spectrum of 
metabolic disorders, including type 2 diabetes, cardiovascu-
lar disease, dyslipidemia, hypertension, and certain cancers 

[1, 2]. Additionally, it is associated with various psychologi-
cal challenges in specific individuals [3].

Given the inconclusive evidence regarding the long-term effi-
cacy of medical treatments and lifestyle modifications, metabolic 
bariatric surgery (MBS) had been proposed as an effective inter-
vention to achieve sustained weight loss in patients with severe 
obesity [4–6]. While most patients achieved successful weight 
loss following MBS, they faced an increased risk of micronutri-
ent deficiencies due to altered gastrointestinal physiology and 
dietary restrictions [7–9]. Nutritional guidelines for MBS patients 
emphasized the long-term use of specialized postoperative mul-
tivitamins to prevent these deficiencies [10–12].

Extensive research had demonstrated the safety and efficacy 
of multivitamins, tailored specifically to meet the nutritional 
needs of bariatric patients [13–18].

Key Points 
 • Micronutrient deficiencies are highly prevalent in patients 
undergoing MBS, with vitamin D and iron among the most 
affected.
 • Specialized multivitamin supplementation significantly 
improves serum levels of key micronutrients preoperatively.
 • Persistent deficiencies in some micronutrients warrant further 
investigation into optimized supplementation strategies.
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In addition to an increased risk for developing deficiencies 
after surgery, micronutrient deficiencies were already highly 
prevalent in patients with obesity compared to those with a 
healthy weight [9, 19–24]. Several factors contribute to this 
increased prevalence, including limited dietary diversity [25], 
dilution effects caused by increased serum volume, fat and 
muscle mass, and larger liver size; and obesity-related comor-
bidities such as liver steatosis [26], diabetes [27], inflammation 
[28, 29], and hormonal dysregulation [30, 31].

Moreover, inadequate intake or absorption of specific vita-
mins and minerals could disrupt the intricate balance between 
micronutrients, potentially compounding deficiencies. Micro-
nutrients interact in complex ways, where a deficiency in one 
may affect the absorption or metabolism of others, potentially 
compounding nutritional challenges. For instance, low vitamin 
D levels can impair calcium absorption, increasing the risk of 
bone disorders. Consequently, nutritional guidelines empha-
sized the importance of comprehensive nutritional assessments 
before bariatric surgery, including preoperative screening for 
deficiencies and other health parameters [10–12].

Preoperative assessments includes screening for micronu-
trient deficiencies, diabetes, dyslipidemia, and renal function, 
with identified deficiencies corrected as clinically indicated 
before surgery.

Preoperative nutritional optimization is crucial for patients 
undergoing MBS. Major societies, including the American 
Society of Metabolic and Bariatric Surgery, the British Obe-
sity & Metabolic Surgery Society, and the Canadian Adult 
Obesity Clinical Practice Guidelines, provide comprehensive 
preoperative micronutrient screening and supplementation 
recommendations [11, 12, 32].

Clinical studies have evaluated the safety and efficacy of 
post-bariatric specialized multivitamins tailored to the nutri-
tional needs of various types of surgeries [7, 33, 34].

To our knowledge, there are no studies on the effect of spe-
cialized multivitamin supplementation on correcting blood 
serum values before MBS.

Our study aimed to evaluate the effectiveness of a compre-
hensive supplementation protocol in addressing preoperative 
micronutrient deficiencies.

Methods

Study Design

This was a prospective, within-patient comparison trial con-
ducted between January 2023 and July 2023 at a large bari-
atric clinic. Patients met the International Federation for the 
Surgery of Obesity and Metabolic Disorders (IFSO) criteria 
after multidisciplinary screening and consented to undergo 
primary metabolic bariatric surgery. The study received 
approval from the institutional ethics committee (Ethical 

Board Registration Number: 2022-100796-BO-ff) and com-
plied with the ethical standards of the 1964 Declaration of 
Helsinki. Written informed consent was obtained from all 
participants before their inclusion in the study.

Study Objectives

All patients received a specialized multivitamin developed 
for pre-operative intake (WLS Start) for 3 months in addition 
to standard care, which included nutritional, physical, and 
psychological therapy.

Theprimary objective was to determine the within-patient 
differences in serum blood levels of micronutrients between 
baseline and the 3-month follow-up.

The secondary objective was to evaluate the percent-
age change in the prevalence of micronutrient deficiencies 
within patients between baseline and 3 months.

Inclusion and Exclusion Criteria

Patients aged 18 to 65 years with a body mass index (BMI) 
≥ 40 kg/m2, or a BMI ≥ 35 kg/m2 with associated medi-
cal problems such as type 2 diabetes mellitus (T2DM), 
hypertension, obstructive sleep apnea syndrome (OSAS), 
or hypercholesterolemia, were included in the study. Patients 
with a history of gastrointestinal diseases, such as celiac 
disease or inflammatory bowel disease, addiction behavior, 
suspected compliance issues, renal or hepatic insufficiency, 
or those unable to swallow the supplement, were excluded.

Data Collection

This data collection process provided a comprehensive 
assessment of the impact of WLS Start supplementation. All 
the patients were required to discontinue over-the-counter 
(OTC) supplementation.

Data were collected at baseline (after MBS approval but 
before supplementation) and 3 months post-supplementa-
tion initiation. Information collected included demographic 
characteristics such as gender, age, and BMI; associated 
medical problems, including T2DM, hypertension, OSAS, 
and hypercholesterolemia; baseline use of vitamins and sup-
plements; and any adverse effects or complaints related to 
supplement use.

Laboratory Assessment

Peripheral blood samples were collected and allowed to clot 
at room temperature for 30 min. The samples were then cen-
trifuged at 4000 rpm for 10 min at 4 °C, and the resulting 
serum was aliquoted and stored at − 80 °C until analysis. All 
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laboratory analyses were conducted following standardized 
operating procedures to ensure accuracy and reproducibility.

The parameters with deficiencies based on the specified 
reference ranges are in Appendix 1. These parameters were 
selected to evaluate the nutritional and biochemical status of 
the participants comprehensively. Any values falling outside 
the specified reference ranges were classified as deficien-
cies/hypervitaminoses and further analyzed in the context 
of the study.

Composition of the Supplement

WLS Start (FitForMe, the Netherlands) was administered 
once daily. The supplement contains the following micro-
nutrients and dosages, with the respective percentage of the 
recommended dietary allowance (full description in Appen-
dix 2).

This formulation is based on an elaborate literature 
review specifically designed to address the unique nutri-
tional needs of patients preparing for MBS. It provided 
higher concentrations of essential micronutrients, such as 
vitamin B12, vitamin D, iron, and zinc, to mitigate the risk 
of deficiencies common in patients with obesity. The supple-
ment was manufactured and administered following regula-
tory standards to ensure consistency and safety.

Statistical Analysis

Descriptive and inferential statistical methods were applied. 
The normality of the data was assessed using the Kolmogo-
rov–Smirnov test, Q–Q plots, and Levene’s test for equality 
of variances. Categorical variables were presented as counts 
and percentages (n, %). At the same time, continuous data 
were expressed as mean ± standard deviation (SD) for nor-
mally distributed variables and as median with interquartile 
range for skewed distributions.

Within-patient comparisons of categorical variables 
were analyzed using the McNemar test. For continuous 
data, independent-samples test and paired Student’s t-test 
were employed for normally distributed variables, while 
the Wilcoxon signed-rank test was used for non-normally 
distributed variables. Univariate and multivariable logistic 
regression analyses were performed using a backward selec-
tion method to identify and adjust for potential confound-
ing factors. Statistical significance was defined as a p-value 
≤ 0.05. All statistical analyses were conducted using R soft-
ware version 4.1.3.

Sample Size

The sample size was calculated using OpenEpi.com based 
on a clinically relevant reduction in ferritin deficiencies of 
50%, assuming a baseline deficiency prevalence of 14% 

(SD: 15%), a 95% confidence interval (CI), and 80% power. 
The required sample size was determined to be 73 patients. 
Accounting for an anticipated drop-out rate at 3 months pri-
marily due to non-adherence to multivitamin supplemen-
tation, the total sample size for the study was set at 120 
patients.

Results

Baseline Characteristics

A total of 120 patients were recruited for the study, of whom 99 
(82.5%) completed the 3-month follow-up period. The majority 
of participants were female (60.8%), with a mean age of 42.3 
± 11.81 years. The mean BMI at baseline was 47.4 ± 7.1 kg/m2.

Participants presented with various associated medi-
cal problems. The prevalence of hypertension was 49.2%, 
dyslipidemia 57.5%, T2DM 21.7%, hypothyroidism 23.3%, 
asthma 15.0%, depression 52.5%, gastroesophageal reflux 
disease 49.2%, and OSAS 32.5%. No participants had a diag-
nosis of coronary artery disease.

Preoperative Supplement Use

At baseline, 19.9% of participants reported using OTC mul-
tivitamins or individual supplements. Furthermore, 11.6% 
used vitamin D, 2.5% vitamin B, 0.8% vitamin C, 1.6% vita-
min K, 5.8% zinc, 3.3% magnesium, and 2.5% selenium.

Changes in Blood Levels

Across the 21 measured parameters, no cases of hypervita-
minosis were observed during the study. Thirteen param-
eters (61.9%) exhibited statistically significant changes in 
serum levels between baseline and follow-up. Nine param-
eters (42.8%) showed a significant increase in mean values, 
including iron, vitamin K1, zinc, C-reactive protein (CRP), 
hemoglobin, hematocrit, mean corpuscular volume (MCV), 
calcium, folic acid, and vitamin D. Conversely, three param-
eters (13.6%) displayed significant minimal decreases in 
mean values with a mean difference (95% CI) for magne-
sium of − 0.01 (− 0.03; 0.00), phosphate − 1.12 (− 0.17; 
− 0.07), and albumin − 0.89 (− 1.42; − 0.35) (p ≤ 0.001).

The three parameters with the most significant mean 
changes were iron (2.12; 95% CI: 1.12–3.12, p < 0.001), 
folic acid (10.92; 95% CI: 9.54–12.29, p < 0.001), and vita-
min D (11.07; 95% CI: 9.38–12.76, p < 0.001) (Table 1).

Deficiencies

Among the 21 assessed parameters, deficiencies were identi-
fied in 16 (76.2%) parameters, with prevalence rates ranging 
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from 1.0% (copper) to 88.8% (vitamin D) of the patients. No 
deficiencies were observed in vitamin K2 (MK4), vitamin 
B12, or parathyroid hormone.

At the 3-month follow-up, deficiencies were identified in 
15 assessed parameters, with prevalence rates ranging from 
1 to 50% of patients.

After 3 months, 3 out of 21 micronutrients demonstrated 
a significant reduction in deficiency prevalence between 
baseline and follow-up. Iron deficiency decreased from 
30.5 to 15.8% (p = 0.003). Folic acid deficiency showed a 
substantial decline, from 41.5 to 7.4% (p ≤ 0.001), and vita-
min D deficiency improved significantly from 88.8 to 50.0% 
(p ≤ 0.001). However, phosphate deficiency increased sig-
nificantly, rising from 2.1% at baseline to 19.8% at follow-up 
(p ≤ 0.001) (from 2 to 19 patients) (Table 2).

Correcting for Confounding Factor

When correcting for sex and BMI, significant differences 
emerged in the patterns of serum changes and deficiencies. 
For male participants with a BMI < 50, 23.8% of param-
eters, including calcium, phosphate, albumin, folic acid, 
and vitamin D, showed significant changes (p < 0.001). 
In males with BMI > 50, only three parameters (13.6%) 
showed significant increases, zinc, folic acid, and vitamin 
D, with zinc not being significant in the lower BMI group 
(Table 3).

Among female participants with a BMI < 50, 28.5% 
of parameters showed significant changes, including 
hematocrit, MCV, phosphate, folic acid, vitamin B12, and 
vitamin D (p < 0.001). In contrast, women with a BMI 
> 50 exhibited more widespread changes, with 38.1% of 
parameters showing significant differences, including iron, 
CRP, hemoglobin, hematocrit, MCV, calcium, folic acid, 
vitamin D, and parathyroid hormone (p < 0.001) (Table 4).

Regarding deficiencies, iron had the most pronounced 
effect among women with a BMI > 50, decreasing from 43.5 
to 17.4% (p < 0.001). The increase in phosphate deficiency 
was significant only among women with a BMI < 50, rising 
from 0.0% (n = 0) to 16.2% (n = 6) (p = 0.031). No such 
trend was observed in groups with higher BMI categories.

None of the other potential confounding variables, such 
as BMI treated as a continuous variable or the use of pre-
operativeOTC supplements, significantly influenced the 
observed changes or prevalence of deficiencies.

Nausea and Side Effect of Supplement Use

There was no significant association between supplement use 
and nausea (p = 0.377). The majority of participants (67.7%) 
reported no nausea. Mild nausea was noted in 15 participants 
(15.2%), while 17.2% (17 participants) experienced nausea 
without vomiting.

Table 1   Change in blood level 
before and after 3 months of use 
of the supplement

MCV mean corpuscular volume, CRPC-reactive protein

Variable N Mean change 95% confidence interval p-value

Iron 95 2.12 [1.12; 3.12]  < 0.001
Magnesium 95  − 0.01 [− 0.03; 0.00] 0.023
Vitamin A 99 0.01 [− 0.03; 0.05] 0.579
Vitamin E 99 0.15 [− 0.68; 0.97] 0.726
Vitamin K1 98 0.10 [− 0.01; 0.22] 0.073
Vitamin K2 (MK4) 98  − 0.03 [− 0.14; 0.07] 0.528
Vitamin K2 (MK7) 98 0.01 [− 0.08; 0.11] 0.747
Copper 99  − 0.09 [− 0.61; 0.43] 0.744
Zinc 92 61.19 [21.98; 100.41] 0.003
CRP 59 2.16 [0.02; 4.30] 0.048
Hemoglobin 99 0.37 [0.11; 0.63] 0.005
Hematocrit 99 0.01 [0.01; 0.02]  < 0.001
MCV 99 1.06 [0.54; 1.59]  < 0.001
Calcium 95 0.06 [0.04; 0.09]  < 0.001
Phosphate 96  − 0.12 [− 0.17; − 0.07]  < 0.001
Albumin 96  − 0.89 [− 1.42; − 0.35] 0.001
Ferritin 96  − 8.16 [− 17.10; 0.77] 0.073
Folic acid 94 10.92 [9.54; 12.29]  < 0.001
Vitamin B12 95  − 13.40 [− 45.56; 18.76] 0.410
Vitamin D 80 11.07 [9.38; 12.76]  < 0.001
Parathyroid hormone 96  − 6.85 [− 12.02; − 1.68] 0.010
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During the supplementation period, 11.1% of participants 
reported mild side effects, including headache, bloating, flatu-
lence, or an unpleasant taste. These effects were transient and 
did not necessitate discontinuation of the supplement. How-
ever, as dietary patterns and other lifestyle factors were not 
monitored, it remains unclear whether these side effects were 
exclusively attributable to the supplement.

Discussion

This prospective study assessed the impact of specialized 
preoperative supplementation in patients with severe obe-
sity undergoing MBS, focusing on identifying micronutri-
ent deficiencies and evaluating the effectiveness of sup-
plementation in addressing these deficiencies.

The deficiencies were identified in 76.2%, with statisti-
cally significant changes observed in 71.4% between base-
line and follow-up.

Research on the use of specialized preoperative multivi-
tamins in MBS patients are not known. A systematic review 
by Gudzune et al., which included 21,345 eligible patients, 

Table 2   Change of deficiencies

MCV mean corpuscular volume, CRPC-reactive protein, n.a. not 
available

Variable Proportion base-
line

Proportion follow-
up

p-value

Iron 29/95 (30.5%) 15/95 (15.8%) 0.003
Magnesium 3/95 (3.2%) 3/95 (3.2%) 1.000
Vitamin A 2/99 (2.0%) 5/99 (5.1%) 0.375
Vitamin E 1/99 (1.0%) 0/99 (0%) 1.000
Vitamin K1 3/98 (3.1%) 7/98 (7.1%) 0.219
Vitamin K2 

(MK4)
0/98 (0%) 0/98 (0%) n.a

Vitamin K2 
(MK7)

3/98 (3.1%) 8/98 (8.2%) 0.180

Copper 1/99 (1.0%) 1/99 (1.0%) 1.000
Zinc 2/92 (2.2%) 4/92 (4.3%) 0.688
CRP 25/59 (42.4%) 19/59 (32.2%) 0.146
Hemoglobin 3/99 (3.0%) 0/99 (0%) 0.250
Hematocrit 2/99 (2.0%) 0/99 (0%) 0.500
MCV 16/99 (16.2%) 11/99 (11.1%) 0.125
Calcium 5/95 (5.3%) 1/95 (1.1%) 0.125
Phosphate 2/96 (2.1%) 19/96 (19.8%)  < 0.001
Albumin 15/96 (15.6%) 22/96 (22.9%) 0.039
Ferritin 2/96 (2.0%) 0/96 (0%) 0.500
Folic acid 39/94 (41.5%) 7/94 (7.4%)  < 0.001
Vitamin B12 0/95 (0%) 1/95 (1.1%) 1.000
Vitamin D 71/80 (88.8%) 40/80 (50.0%)  < 0.001
Parathyroid hor-

mone
0/96 (0%) 1/96 (1.0%) 1.000

Table 3   Correcting for confounding factors BMI < 50 and male gen-
der, and correcting for confounding factors BMI > 50 and male gender

MCV mean corpuscular volume, CRP C-reactive protein
*Other potential confounding variables, including BMI as a con-
tinuous variable, did not significantly alter the observed outcomes in 
terms of changes in deficiencies

Variable Mean change 95% confidence 
interval

p-value

Correcting for confounding factors BMI < 50 and male gender*
Iron 1.27 [− 0.39; 2.94] 0.128
Magnesium  − 0.01 [− 0.03; 0.01] 0.261
Vitamin A  − 0.02 [− 0.10; 0.06] 0.671
Vitamin E  − 1.32 [− 2.73; 0.09] 0.066
Vitamin K1 0.03 [− 0.16; 0.21] 0.770
Vitamin K2 (MK4)  − 0.12 [− 0.36; 0.13] 0.341
Vitamin K2 (MK7)  − 0.09 [− 0.23; 0.04] 0.153
Copper 0.17 [− 0.79; 1.14] 0.714
Zinc 41.04 [− 42.89;124.97] 0.324
CRP 2.91 [− 0.29; 6.11] 0.071
Hemoglobin 0.17 [− 0.08; 0.42] 0.169
Hematocrit 0.00 [− 0.00; 0.01] 0.240
MCV 0.44 [− 0.44; 1.33] 0.312
Calcium 0.06 [0.03; 0.09]  < 0.001
Phosphate  − 0.18 [− 0.28; − 0.08] 0.001
Albumin  − 1.63 [− 2.42; − 0.85]  < 0.001
Ferritin  − 4.54 [− 27.07;18.00] 0.682
Folic acid 10.24 [7.67;12.82]  < 0.001
Vitamin B12  − 37.40 [− 93.48;18.68] 0.181
Vitamin D 11.04 [7.76;14.33]  < 0.001
Parathyroid hormone  − 4.43 [− 13.48; 4.61] 0.323
Correcting for confounding factors BMI > 50 and male gender*
Iron 2.01 [− 0.05; 4.07] 0.054
Magnesium  − 0.03 [− 0.07; 0.01] 0.183
Vitamin A 0.02 [− 0.11; 0.15] 0.760
Vitamin E 0.81 [− 1.36; 2.98] 0.420
Vitamin K1 0.17 [− 0.04; 0.38] 0.102
Vitamin K2 (MK4)  − 0.09 [− 0.30; 0.13] 0.375
Vitamin K2 (MK7) 0.04 [− 0.13; 0.20] 0.613
Copper 0.12 [− 0.65; 0.89] 0.733
Zinc 149.20 [47.84;250.56] 0.009
CRP 1.97 [− 0.39; 4.34] 0.088
Hemoglobin 0.21 [− 0.22; 0.64] 0.296
Hematocrit  − 0.00 [− 0.03; 0.02] 0.605
MCV 0.30 [− 1.21; 1.81] 0.664
Calcium 0.05 [− 0.03; 0.12] 0.188
Phosphate  − 0.13 [− 0.28; 0.02] 0.083
Albumin  − 0.74 [− 2.49; 1.01] 0.363
Ferritin  − 26.80 [− 67.42;13.82] 0.170
Folic acid 11.04 [6.74;15.34]  < 0.001
Vitamin B12 24.20 [− 55.37;103.77] 0.509
Vitamin D 14.30 [8.42;20.18]  < 0.001
Parathyroid hormone  − 2.34 [− 21.52;16.84] 0.789
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reported that presurgical testing for micronutrient deficiencies 
was performed in fewer than 25% of cases. Over a 36-month 
follow-up, the prevalence of micronutrient deficiencies 
increased across all MBS types, ranging from 20 to 88% [35].

More recently, a systematic review by Tang et al. exam-
ined 27 studies addressing micronutrient repletion before 
MBS, assessing micronutrient status both pre- and post-
MBS. The interventions varied widely, including chronic 
oral supplementation with multivitamins (n = 21), mega-
doses of oral supplements (n = 1), intramuscular injections 
(n = 1), intravenous infusions (n = 1), and combined oral 
and injectable approaches (n = 3). The authors concluded 
that proactive micronutrient repletion schedules before 
MBS appear safe and feasible but noted variability in effi-
cacy depending on the specific micronutrient, dose, dura-
tion, and delivery method (e.g., oral vs. infusion) [33].

Our results reported using OTC supplements prior to 
this study. However, this subgroup did not significantly 
reduce the prevalence of measured deficiencies or had a 
confounding effect on the changed micronutrient.

The study group’s active use of specialized supplemen-
tation (WLS Start) significantly reduced the prevalence of 
deficiency in 3 out of 22 micronutrients between baseline 
and the 3-month follow-up. However, deficiencies in 16 
micronutrients persisted, potentially placing patients at a 
disadvantage when undergoing surgery. With 3 months, the 
study period was relatively short. Possibly, with longer use 
of preoperative supplementation, better blood serum values 
could have been reported. Since there were no hypervitami-
nosis, there is an opportunity for prolonged use.

Phosphate levels showed a mean decrease of − 0.12, 
accompanied by a significant increase in deficiency preva-
lence, rising from 3.8 to 23.1%. The observed increase 
in phosphate deficiencies in our study may potentially be 
linked to the use of ascorbic acid supplementation over 
the 3-month period. Ascorbic acid, particularly in higher 
doses, can contribute to metabolic acidosis, which in turn 
may initially result in transiently elevated serum phosphate 
levels. However, the resulting acidosis can lead to a com-
pensatory increase in renal phosphate excretion over time, 
ultimately reducing serum phosphate concentrations [36]. 
This mechanism aligns with our findings of decreased 
phosphate levels and increased deficiency prevalence, but 
further research is needed to confirm this hypothesis and 
evaluate the extent to which ascorbic acid supplementation 
may contribute to phosphate imbalances in this population.

Impact of Fewer Deficiencies in Vitamin D, Iron, 
and Folic Acid

Reducing deficiencies in vitamin D, iron, and folic acid is 
crucial for MBS patients due to their essential roles in meta-
bolic and physiological processes.

Table 4   Correcting for confounding factors BMI < 50 and female 
gender, and correcting for confounding factors BMI > 50 and female 
gender

MCV mean corpuscular volume, CRP C-reactive protein
*Other potential confounding variables, including BMI as a con-
tinuous variable, did not significantly alter the observed outcomes in 
terms of changes in deficiencies

Variable Mean change 95% confidence 
interval

p-value

Correcting for confounding factors BMI < 50 and female gender*
Iron 1.68 [− 0.06; 3.43] 0.058
Magnesium  − 0.01 [− 0.03; 0.01] 0.382
Vitamin A 0.03 [− 0.02; 0.09] 0.234
Vitamin E 0.35 [− 0.78; 1.49] 0.533
Vitamin K1 0.14 [− 0.06; 0.34] 0.164
Vitamin K2 (MK4) 0.06 [− 0.11; 0.23] 0.454
Vitamin K2 (MK7)  − 0.03 [− 0.09; 0.03] 0.297
Copper  − 0.01 [− 0.71; 0.69] 0.976
Zinc 34.03 [− 15.60;83.66] 0.173
CRP 0.30 [− 3.58; 4.17] 0.876
Hemoglobin 0.72 [0.16; 1.28] 0.013
Hematocrit 0.02 [0.01; 0.02]  < 0.001
MCV 2.32 [1.45; 3.18]  < 0.001
Calcium 0.06 [0.02; 0.10] 0.003
Phosphate  − 0.15 [− 0.22; − 0.08]  < 0.001
Albumin  − 0.76 [− 1.70; 0.17] 0.106
Ferritin  − 6.11 [− 15.60; 3.38] 0.200
Folic acid 10.92 [8.62;13.22]  < 0.001
Vitamin B12  − 30.19 [− 72.09;11.71] 0.153
Vitamin D 7.26 [4.06;10.46]  < 0.001
Parathyroid hormone  − 5.79 [− 12.95; 1.37] 0.110
Correcting for confounding factors BMI > 50 and female gender*
Iron 3.31 [1.37; 5.25] 0.002
Magnesium  − 0.01 [− 0.04; 0.01] 0.305
Vitamin A 0.02 [− 0.03; 0.07] 0.447
Vitamin E 1.07 [− 0.92; 3.06] 0.278
Vitamin K1 0.12 [− 0.10; 0.33] 0.274
Vitamin K2 (MK4) 0.02 [− 0.12; 0.17] 0.774
Vitamin K2 (MK7) 0.14 [− 0.16; 0.44] 0.353
Copper  − 0.52 [− 1.80; 0.76] 0.408
Zinc 40.62 [− 42.83;124.06] 0.322
CRP 3.24 [1.49; 4.99] 0.002
Hemoglobin 0.46 [0.16; 0.76] 0.004
Hematocrit 0.02 [0.01; 0.03]  < 0.001
MCV 1.38 [0.42; 2.33] 0.007
Calcium 0.08 [0.05; 0.12]  < 0.001
Phosphate  − 0.03 [− 0.13; 0.06] 0.515
Albumin  − 0.31 [− 1.24; 0.62] 0.497
Ferritin  − 1.09 [− 11.05; 8.88] 0.823
Folic acid 11.51 [9.23;13.80]  < 0.001
Vitamin B12  − 3.09 [− 84.87;78.70] 0.938
Vitamin D 11.50 [9.31;13.69]  < 0.001
Parathyroid hormone  − 12.85 [− 24.02; − 1.69] 0.026
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Vitamin D deficiency, common in severe obesity and 
often exacerbated after MBS, plays a critical role in calcium 
absorption, bone health, immune function, and in reducing 
systemic inflammation. A recent systematic review by Gius-
tina et al. emphasized the importance of assessing vitamin D 
levels both preoperatively and postoperatively in all patients 
undergoing MBS. The review further recommends high-
dose vitamin D supplementation pre- and postoperatively, 
irrespective of the surgical procedure type, to address these 
deficiencies effectively [37].

Addressing this deficiency preoperatively minimizes the 
risks of postoperative complications such as bone deminer-
alization and poor wound healing.

Iron deficiency, linked to anemia and fatigue, is often 
exacerbated by reduced intake and malabsorption after sur-
gery. Adequate iron levels support hemoglobin synthesis and 
oxygen transport, which are essential for healing. Similarly, 
folic acid is vital for DNA synthesis, red blood cell produc-
tion, and tissue repair, reducing risks of megaloblastic ane-
mia and supporting recovery and support rapid cell turnover 
required during tissue repair after surgery.

In our study, iron had the most pronounced effect among 
women with a BMI > 50, decreasing from 43.5 to 17.4%. 
While the relationship between obesity and endometrial can-
cer is widely recognized, there is limited knowledge regard-
ing the frequency of heavy menstrual bleeding among obese 
adolescents and adult women [38, 39].

Rationale for Preoperative Supplementation

Many deficiencies are already present preoperatively due to 
limited dietary diversity, dilution effects from increased serum 
volume, expanded fat and muscle mass, and conditions like 
liver steatosis, diabetes, and chronic inflammation [9, 25–31]. 
If unaddressed, these deficiencies are likely to worsen postop-
eratively due to reduced nutrient intake and absorption.

Preoperative supplementation addressing existing defi-
ciencies can potentially reduce risks during recovery, estab-
lish adherence to supplementation regimens, and optimize 
outcomes by supporting immune function wound healing, 
and may have a protective effect against hair loss with levels 
of zinc, folic acid, ferritin, and protein intake that are closely 
associated with the risk of hair loss, highlighting the impor-
tance of optimizing these factors before surgery, and overall 
metabolic health.

Limitations

This study has several limitations that should be consid-
ered. A washout period was not applied, meaning that 
the effects of any prior supplementation or dietary habits 
could not be fully isolated from the intervention. Despite 

this, deficiencies were still present preoperatively in many 
participants, underscoring the need for tailored nutritional 
optimization prior to MBS.

Additionally, while the preoperative setting was particu-
larly relevant for identifying and addressing deficiencies, the 
absence of a true control group limits the ability to attribute 
observed changes solely to the intervention. Potential con-
founding factors, such as differences in metabolism, associ-
ated medical problems, or baseline nutritional statuses, may 
also have influenced the results since we could not correct 
for all the factors due to low incidence.

The relatively short study duration of 3 months may not 
fully capture the long-term implications of preoperative sup-
plementation, particularly for deficiencies that take longer 
to resolve or have extended effects on surgical outcomes.

Finally, the study’s focus on a specific preoperative bariatric 
population in a single healthcare setting may limit the generaliz-
ability of findings to other populations or healthcare systems.

These limitations highlight the need for future studies 
with robust designs, including randomized controlled tri-
als, washout periods, longer follow-up durations, and more 
detailed monitoring of adherence and external supplement 
use, to validate these findings and better understand the 
long-term benefits of preoperative supplementation.

Conclusion

This study highlights the prevalence of micronutrient defi-
ciencies in patients with obesity and demonstrates the effec-
tiveness of preoperative specialized multivitamin supple-
mentation in reducing key deficiencies, including iron, folic 
acid, and vitamin D. Significant improvements in serum 
levels of critical nutrients such as zinc further underscore 
the benefits of tailored preoperative supplementation.

Future research is warranted to address residual deficien-
cies in other micronutrient and evaluate long-term outcomes 
associated with prolonged preoperative supplementation. 
Studies should also assess the effects after MBS and deter-
mine the burden of postoperative deficiencies after preopera-
tive supplement use.
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