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Abstract
Background Since a few years, the laparoscopic sleeve gastrectomy (SG) has become the most performed bariatric operation
worldwide. However, as with all bariatric procedures, SG also leads to vitamin and mineral deficiencies post-operatively and
standard multivitamin supplements are probably not sufficient.
Objective The present study evaluates the effectiveness of a specialized multivitamin supplement for SG patients (WLS
Optimum 1.0, FitForMe, Rotterdam, the Netherlands), compared to a standard multivitamin supplement (sMVS).
Design A double-blind randomized controlled trial was performed. For 12 months, patients in the intervention group received
WLS Optimum, containing elevated doses of multiple vitamins and minerals. Patients in the control group were provided with
sMVS, containing 100% of the recommended dietary allowance.
Results In total, 139 patients were available for analysis (WLS Optimum, n = 69; sMVS, n = 70). Intention-to-treat analyses
revealed more folic acid deficiencies and higher serum vitamin B1 levels in the WLS Optimum group. Per protocol analyses
showed that in patients usingWLS Optimum, serum folic acid and vitamin B1 levels were higher, serum PTH levels were lower,
and only one patient (2.6%) was anemic compared to 11 patients (17.5%) using a sMVS (p < 0.05 for all). No differences were
found in prevalence of deficiencies for iron, vitamin B12, vitamin D, and other vitamins and minerals.
Conclusions This optimized multivitamin supplement only affected serum levels of folic acid, PTH and vitamin B1, and anemia
rates compared to a sMVS. There is a clear need to further optimize multivitamin supplementation for SG patients. Besides, non-
compliance with multivitamin supplements remains an important issue that should be dealt with.
Clinical Trial Registry The study protocol was registered at the clinical trials registry of the National Institutes of Health
(ClinicalTrials.gov; identifier NCT01609387).
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Abbreviations
EWL Excess weight loss
LSG laparoscopic sleeve gastrectomy
MCV mean corpuscular volume
MVS multivitamin supplements
PPI proton-pump inhibitors
PTH parathyroid hormone

RDA recommended dietary allowance
RHA Rijnstate Hospital Arnhem
RYGB Roux-en-Y gastric bypass
SG Sleeve gastrectomy
sMVS standard multivitamin supplements
TWL total weight loss
WE Wernicke’s encephalopathy

Introduction

Originally designed as the first step of a biliopancreatic
diversion with duodenal switch, the sleeve forming gas-
trectomy (SG) was technically improved and implemented
as a standalone procedure [1]. Since a few years, the
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laparoscopic SG has become the most performed bariatric
operation worldwide [2]. It is considered to be an easy, quick,
and safe procedure [3] that provides significant weight loss and
improvement of obesity-related comorbidities by reducing food
intake and hormonal changes [3, 4].

Perhaps one of the reasons why the Roux-en-Y gastric by-
pass (RYGB) is no longer the preferred procedure for many
surgeons is because it is associated with vitamin and mineral
deficiencies and lifelong use of supplements [5, 6]. Since the
anatomy of the intestinal tract remains unaltered when
performing an SG, the risk of developing deficiencies is theo-
retically considered lower [7]. Some authors even state that an
SG has minimal impact on nutrient status [3] and taking multi-
vitamin supplements (MVS) for more than 3 months postoper-
atively is unnecessary [8]. However, short and midterm studies
found that in SG patients, deficiencies are as common as in
RYGB patients [9–12]. Especially deficiencies for iron, folic
acid, vitamin B12, and vitamin D are frequently reported [7,
13–17]. Standard MVS are probably not sufficient to prevent
nutritional deficiencies after SG. However, specific MVS,
which contain higher doses of vitamins and minerals, were
not available at the time of this study. Based on literature and
studies performed in our hospital, a customized MVS for SG
patients was developed in 2012 (WLS Optimum; FitForMe,
Rotterdam, the Netherlands). The present study evaluates the
effectiveness of this SG-specific MVS compared to a standard
MVS in a double-blind randomized controlled trial.

Subjects and Methods

Study Design

The present study was a double-blind randomized con-
trolled trial. All patients who underwent a primary laparo-
scopic SG (LSG) operation at Rijnstate Hospital Arnhem
(RHA; >1200 bariatric cases a year) between November
2011 and October 2014 were eligible for the study.
Exclusion criteria were a secondary LSG, creatinine >
150 μmol/L, liver enzymes > 2 times the upper limit, con-
comitant diseases (e.g., gastrointestinal diseases), psychi-
atric illness, use of drugs that affect bone metabolism, and
known pregnancy. The study was approved by the Medical
Ethics Review Committee of Radboud University Medical
Centre and the Local Ethical Committee of RHA, and was
conducted in concordance with the principles of the
Declaration of Helsinki. The study protocol was registered
at the clinical trials registry of the National Institutes of
Health (ClinicalTrials.gov; identifier NCT01609387).

Included patients were randomized into two groups: the
intervention group received the customized MVS for SG pa-
tients (WLS Optimum) and the control group received a stan-
dard MVS (sMVS).

Surgical Procedure

A standardized operating technique was performed by three
experienced bariatric surgeons (> 500 cases each). First, the
greater omentum was dissected from the greater curvature of
the stomach using Enseal® (Ethicon, Somerville USA). Then,
the stomach and angle of His were mobilized, using a poste-
rior approach. This was completed by dissection of the ante-
rior part of the angle of His and small gastric vessels. Next,
transection of the stomach was performed using lengthwise
stapling along a 40 French calibration bougie positioned along
the lesser curvature, starting 4 cm proximal of the pylorus until
the cardia (Echelon Flex™ Powered Plus Stapler, Ethicon,
Somerville USA). A bougie size of 40 Fr is associated with
a significant lower leak rate and similar weight loss results
compared to smaller bougie sizes [18, 19]. The remnant of
the stomach was retrieved through an enlarged port incision
in the left flank. This port was closed with Vicryl (Ethicon,
Somerville USA) using a suture retriever. Finally, the skin was
closed with agraves.

Intervention and Control

WLS Optimum version 1.0 is a customized MVS for SG
patients and contains elevated doses of multiple vitamins
and minerals (Table 1). A sMVS, similar to an over the coun-
ter MVS, served as a control and contained most
micronutrients in a dose equivalent to 100% of the RDA.

To prevent bias, both supplements had the exact same raw
base compounds and cherry flavor and were similar in color
and size (Fig. 1). Both supplements were dosed as one capsule
per day.

Additional Medication

All patients received fraxiparin (nadroparin, 0.6 mg/5700 IU
daily) for 6 weeks and proton-pump inhibitor (omeprazole,
20 mg daily) for 6 months, as part of the standard postopera-
tive protocol. All patients were additionally prescribed
calcium/cholecalciferol 500/800 three times a day.

Randomization and Blinding

The allocation sequence was computer generated, using a var-
iable block schedule. Besides an independent pharmacist, no
one had access to the randomization list to ensure allocation
concealment. All supplements were packaged in nonmarked
blisters with the same expiration date, each containing 12
capsules. The blisters were packaged in a nonmarked sealed
box and numbered according to the randomization list. After
the last visit of the last study patient, the unblinded randomi-
zation list was available to the research team. No earlier
unblinding occurred.
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Data Collection, Follow-Up, and Outcome

Standard laboratory blood tests were performed at baseline
(T0) and 6 (T6) and 12 months (T12) after surgery. This in-
cluded mean corpuscular volume (MCV), hemoglobin, iron,
ferritin, folic acid, vitamin B12, vitamin D, PTH, calcium,
magnesium, phosphate, albumin, vitamin B1, vitamin B6,
and zinc (reference values in tables). Calcium levels were
corrected for albumin using the following equation: Cacorr =
total calcium − (0.025 × albumin) + 1.

Iron deficiency was the primary outcome measure.
Secondary outcome measures included vitamin D and vitamin
B12 deficiencies developed during the first 12 months after
LSG.

Excess weight loss (EWL) was calculated as [weight loss/
excess weight based on ideal body weight at BMI 25 kg/m2 ×
100%]. Total body weight loss (TWL) was calculated as
[weight loss/initial weight × 100%].

Correction of Deficiencies

Preoperative vitamin B12 and vitamin D deficiencies were
treated with predefined medication. If a deficiency occurred
after surgery, it was recorded for the purpose of this study
where after the deficiency was treated according to local pro-
tocol. After additional supplementation, subsequent data of
the corresponding parameter was excluded to not bias mean
serum level data. Moreover, follow-up measurements of pa-
tients who were pregnant at T6 and/or T12 were removed
from the analyses.

Sample Size Calculation and Statistical Analyses

Sample size calculation was performed using Openepi.com
[20]. To detect a 25% reduction of iron deficiency at
12 months after surgery, with 95% sensitivity and a power
of 90%, a minimum of 56 patients per group was required.
Taking into account a 10% dropout rate and 15% of cases
excluded because of iron deficiency diagnosed and treated at
6 months, this resulted in 75 patients per group.

Table 1 Content of intervention and control supplement

sMVS WLS Optimum

Ingredients Dose RDA (%) Dose RDA (%)

Vitamins

Vitamin A, mg 0.60 75.0 1.00 125.0

Vitamin B1, mg 1.10 99.7 2.00 182.0

Vitamin B2, mg 1.40 100.0 2.00 143.0

Vitamin B3, mg 16.00 100.0 25.00 156.0

Vitamin B5, mg 6.00 100.0 9.00 150.0

Vitamin B6, mg 1.40 100.2 2.00 143.0

Biotin, μg 25.00 50.0 150.00 300.0

Folic acid, μg 200.00 100.0 300.00 150.0

Vitamin B12, μg 2.50 100.0 10.00 400.0

Vitamin C, mg 80.00 100.0 100.00 125.0

Vitamin D, μg 4.00 80.0 7.50 150.0

Vitamin E, mg 10.00 83.4 12.00 100.0

Vitamin K1, μg 25.00 33.3 90.00 120.0

Minerals

Chrome, μg 40.00 100.0 40.00 100.0

Iron, mg 14.00 100.0 21.00 150.0

Iodine, μg 153.70 102.5 150.00 100.0

Copper, mg 1.00 100.0 1.00 100.0

Chloride, mg 0.14 0.0 0.00 0.0

Magnesium, mg 30.00 8.0 30.00 8.0

Calcium, mg 91.43 11.4 0.00 0.0

Manganese, mg 2.00 100.1 3.00 150.0

Molybdenum, μg 50.00 100.0 50.00 100.0

Selenium, μg 55.00 100.0 55.00 100.0

Zinc, mg 10.00 100.0 15.00 150.0

Other ingredients

Choline, mg 0.00 – 10.00 –

sMVS standard multivitamin supplement, RDA recommended daily
allowance

Fig. 1 Capsules + content of the
standard multivitamin
supplement (left) and WLS
Optimum (right)

OBES SURG (2020) 30:1280–12901282



An intention-to-treat analysis was used as the primary
analysis. Additionally, per protocol analyses were per-
formed. Differences between groups at baseline, T6,
and T12 were calculated using independent sample t tests
for continuous data and Chi-square tests for discrete data
(or Fisher’s exact test when > 20% of expected counts
were < 5). Linear mixed models were used to assess if
serum levels changed differently over time between the
groups.

Log transformations were performed to normalize the fol-
lowing data: serum levels of ferritin, PTH, vitamin B1, and
vitamin B6.

All statistical analyses were performed using IBM SPSS
Statistics 25 for Windows (IBM Corp., Armonk USA).

Results

Eleven patients were excluded from analysis because they
underwent a RYGB (n = 1), were pregnant during follow-up
(n = 1), or did not complete any of the follow-up measure-
ments (n = 9). In total, 139 patients were available for anal-
ysis: 69 patients receiving WLS Optimum and 70 patients
receiving sMVS.

Both groups were similar at baseline with respect to age,
gender, weight and BMI deficiencies (Table 2). The groups
differed on the prevalence of dyslipidemia, which was three
times higher in the sMVS group compared to the WLS
Optimum group (p = 0.047).

In six patients (three in each group), a gastric band had to
be removed before conversion to LSG (‘Redo’ surgery).

Weight Loss

The degree of weight loss after 12 months was similar in both
groups. Mean BMI at T12 was 32.7 kg/m2 in the WLS
Optimum group and 33.8 kg/m2 in the sMVS group.
Furthermore, patients using WLS Optimum showed 70.5 ±
22.7 %EWL and 31.3 ± 8.6 %TWL compared to 68.5 ± 23.2
%EWL and 30.5 ± 8.4 %TWL for patients using sMVS
(p > 0.05 for all).

Pre-operative Deficiencies

The number of pre-operative deficiencies and mean serum
levels at baseline were comparable between the groups
(Tables 3, 4, and 5). Pre-operative deficiencies for vitamin D
(76.1%), phosphate (34.1%), and albumin (12.2%) were most
prevalent.

Post-operative Deficiencies

Mean serum levels and prevalence of deficiencies regarding
hemoglobin metabolism, calcium and vitamin D metabolism,
and vitamin B1, B6, and zinc can be found in Tables 3, 4, and
5.

At T6, mean serum vitamin B1 levels were significantly
higher in patients using WLS Optimum, compared to sMVS
users: 148.0 ± 27.6 nmol/L vs 134.8 ± 24.8 nmol/L (p =
0.011). Mean serum levels for all other parameters were com-
parable between the groups at 6 and 12 months of follow-up.

During the entire study period, overall significantly more
patients in the WLS Optimum group were deficient for folic
acid: 10 patients (14.5%) versus 2 patients (2.9%) in the
sMVS group (p = 0.016). No differences were found in prev-
alence of anemia, and deficiencies for iron, vitamin B12, vi-
tamin D, and other vitamins and minerals.

Elevated serum B1 and B6 levels were found in 11 (18.0%)
and 20 patients (32.8%) using WLS Optimum and 5 (7.9%)
and 13 patients (20.6%) using sMVS (p > 0.05). For PTH,
elevated serum levels were more frequent in the sMVS group
(11 patients, 15.7%) compared to the WLS Optimum group (4
patients, 5.8%), but this was also not significant (p = 0.060).

Compliance

Of the 69 patients in the intervention group, only 44 patients
(63.8%) reported using the WLS Optimum supplement after
6 months. This number decreased to 38 patients (55.1%) after
12 months. The main reported reason for discontinuation was
nausea. Most patients switched to an over the counter MVS.
Others did not tolerate any MVS and therefore stopped using
multivitamin supplementation. Based on self-reported compli-
ance, the total group of patients was redivided into WLS

Table 2 Baseline characteristics of the study population

WLS Optimum (n 69) sMVS (n 70)

Age, year 38.2 ± 12.4 39.7 ± 10.8

Weight, kg 141.3 ± 26.1 140.4 ± 31.2

BMI, kg/m2 47.6 ± 9.0 48.4 ± 9.9

Male 18 (26.1) 16 (22.9)

Redo surgery 3 (4.3) 3 (4.3)

Comorbidities

T2DM 9 (13.0) 7 (10.0)

Hypertension 15 (21.7) 19 (27.1)

Dyslipidemia 3 (4.3) 10 (14.3)

OSAS 7 (10.1) 7 (10.0)

Data are presented as mean ± standard deviation and counts (percentages)

MVSmultivitamin supplement, OSAS obstructive sleep apnea syndrome,
T2DM type 2 diabetes mellitus

p > 0.05 for all
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Optimum users and sMVS-users. Results are shown in
Table 6.

At T6 and T12, mean serum folic acid levels were signif-
icantly higher in patients using WLS Optimum, compared to
patients using a sMVS: 24.1 and 24.4 mmol/L vs 20.2 and
19.6 mmol/l (p < 0.05 for both). This was also true for mean
vitamin B1 levels at 6 months: 150.2 ± 27.6 nmol/L for WLS
optimum users and 137.9 ± 23.3 nmol/L for sMVS users (p =
0.028).

At 12 months, mean serum PTH levels were significantly
lower in the group using WLS Optimum (3.2 ± 1.7 pmol/L)
compared to the group using a sMVS (4.0 ± 2.1) (p = 0.026).

Throughout the entire study period, overall only one pa-
tient (2.6%) usingWLSOptimumwas anemic compared to 11
of the patients (17.5%) using a sMVS (p = 0.029). No signif-
icant differences were found for other vitamins and minerals.

Discussion

The present study demonstrated that the specialized multi-
vitamin supplement WLS Optimum 1.0 had no clear ad-
vantages over standard supplementation as it was not as-
sociated with fewer micronutrient deficiencies after SG.

Table 3 Evaluation of hemoglobin metabolism

Parameter Cases Mean serum levels Deficiencies

WLS Optimum sMVS WLS Optimum sMVS

Hemoglobin: F: 7.4–9.9 mmol/L, M: 8.4–10.8 mmol/L (US: F:11.9–16.0 g/L, M: 13.5–17.4 g/L)

T0 138 (69/69) 8.7 ± 0.8 8.8 ± 0.7 4 (5.8) 4 (5.8)

T6 134 (67/67) 8.6 ± 0.8 8.7 ± 0.8 3 (4.5) 6 (9.0)

T12 130 (66/64) 8.4 ± 0.7 8.5 ± 0.7 7 (10.6) 7 (10.9)

T0–T12 129 (65/64) − 0.25 ± 0.61 − 0.28 ± 0.52

MCV: 80–100 fL

T0 136 (68/68) 88.7 ± 4.1 88.9 ± 4.7 1 (1.5) 2 (2.9)

T6 134 (67/67) 90.5 ± 3.3 90.6 ± 4.8 0 – 1 (1.5)

T12 130 (66/64) 91.8 ± 4.4 91.7 ± 4.7 0 – 1 (1.6)

T0–T12 128 (65/63) + 3.20 ± 4.16 + 2.68 ± 2.94

Iron: 9–31 μmol/L (US: 50.3–173.1 μg/dL)

T0 128 (61/67) 10.8 ± 4.4 11.0 ± 4.7 18 (29.5) 24 (35.8)

T6 105 (48/57) 13.7 ± 4.2 14.1 ± 5.2 7 (14.6) 8 (14.0)

T12 108 (55/51) 15.1 ± 5.3 16.1 ± 7.0 7 (12.7) 3 (5.9)

T0–T12 98 (50/48) + 4.56 ± 5.64 + 4.90 ± 6.20

Ferritin:20–300 ng/mL

T0 139 (69/70) 127.6 ± 96.4 128.8 ± 97.7 2 (2.9) 3 (4.3)

T6 112 (53/59) 149.0 ± 114.0 133.1 ± 73.6 0 – 4 (6.8)

T12 131 (65/64) 139.4 ± 104.7 129.1 ± 74.5 2 (3.1) 3 (4.7)

T0–T12 131 (65/64) + 8.09 ± 55.36 − 2.95 ± 78.59

Folic acid: 9.1–36 nmol/L (US: 4.0–15.9 ng/mL)

T0 137 (68/69) 16.6 ± 6.7 16.7 ± 6.0 2 (2.9) 4 (5.8)

T6 132 (66/66) 22.3 ± 9.5 19.8 ± 6.9 5 (7.6) 0 –

T12 131 (66/65) 21.8 ± 10.0 19.2 ± 6.7 5 (7.6) 2 (3.1)

T0–T12 129 (65/64) + 5.07 ± 9.16 + 2.72 ± 7.28

Vitamin B12: 145/200a–570 pmol/L (US: 197/271a–773 pg/mL)

T0 137 (67/70) 289.8 ± 96.4 315.9 ± 110.1 1 (1.5) 0 –

T6 112 (52/60) 276.1 ± 84.6 291.7 ± 92.3 11 (21.2) 11 (18.3)

T12 122 (59/63) 267.3 ± 80.0 284.4 ± 85.7 15 (25.4) 14 (22.2)

T0–T12 122 (59/63) − 32.93 ± 76.25 − 34.17 ± 91.11

Data are presented as mean ± standard deviation and counts (percentages)
a Normal range before the operation (baseline) was 145–570 pmol/L (US:197–773 pg/mL)

F female, M male, US United States (units), MCV mean corpuscular volume, sMVS standard multivitamin supplement

p > 0.05 for all
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Therefore, the content of this first version of WLS
Optimum should be further optimized.

More importantly, the present study illustrates that nu-
tritional deficiencies are highly prevalent after SG, despite
the anatomy of the intestinal tract remaining unaltered.
There are several factors that put patients at risk for devel-
oping nutritional deficiencies after SG, including reduced
food intake, decreased hydrochloric acid and intrinsic fac-
tor secretion, vomiting, poor food choices, and food intol-
erance [7, 21]. Yet, others believe that SG has minimal
impact on nutrient status [3] and that maintenance of

MVS more than 3 months postoperatively seems to be of
no benefit [8]. According to Ruiz-Tovar et al., once a pa-
tient is able to eat all kinds of food, additional vitamin and
mineral supplementation can be discontinued [8]. In the
present study, about three-quarters of the patients showed
at least one micronutrient deficiency during the first year
post-sleeve, despite the use of multivitamin supplements.
In view of our findings, a specialized multivitamin supple-
ment for SG patients should at least contain higher doses of
elementary iron, vitamin B12, vitamin D, vitamin B1, and
zinc to prevent nutritional deficiencies post-operatively.

Table 4 Evaluation of calcium and vitamin D metabolism

Parameter Cases Mean serum levels Deficiencies

WLS Optimum sMVS WLS Optimum sMVS

Vitamin D: > 50 nmol/L (US: > 20 ng/mL)

T0 138 (69/70) 36.5 ± 21.8 34.0 ± 16.7 51 (73.9) 54 (77.1)

T6 133 (66/67) 86.7 ± 27.6 93.8 ± 36.8 5 (7.6) 4 (6.0)

T12 129 (64/65) 84.5 ± 32.3 89.7 ± 28.8 7 (10.9) 4 (6.2)

T0–T12 128 (63/65) + 48.68 ± 29.21 + 55.62 ± 28.85

PTH: 1.3–6.8 pmol/L (US: 12.3–64.1 pg/mL)

T0 139 (69/70) 3.7 ± 2.0 4.0 ± 2.5 1 (1.4) 4 (5.7)

T6 134 (66/68) 3.4 ± 1.6 3.8 ± 1.9 2 (3.0) 5 (7.4)

T12 130 (65/65) 3.5 ± 2.0 4.0 ± 2.3 2 (3.1) 0 –

T0–T12 130 (65/65) − 0.30 ± 2.10 − 0.09 ± 2.57

Calciuma: 2.10–2.55 mmol/L (US: 8.42–10.22 mg/dL)

T0 130 (62/68) 2.35 ± 0.11 2.35 ± 0.09 1 (1.6) 0 –

T6 133 (65/68) 2.40 ± 0.08 2.39 ± 0.08 0 – 0 –

T12 130 (65/65) 2.40 ± 0.08 2.38 ± 0.07 0 – 0 –

T0–T12 121 (58/63) + 0.05 ± 0.11 + 0.03 ± 0.10

Magnesium: 0.70–1.10 mmol/L (US: 1.70–2.67 mg/dL)

T0 130 (63/67) 0.80 ± 0.07 0.80 ± 0.06 3 (4.8) 3 (4.5)

T6 85 (40/45) 0.82 ± 0.05 0.83 ± 0.05 1 (2.5) 0 –

T12 86 (43/43) 0.83 ± 0.06 0.83 ± 0.04 1 (2.3) 0 –

T0–T12 80 (40/40) + 0.03 ± 0.07 + 0.03 ± 0.06

Phosphate: 0.87–1.45 mmol/L (US: 2.70–4.50 mg/dL)

T0 129 (62/67) 0.95 ± 0.18 0.93 ± 0.16 22 (35.5) 22 (32.8)

T6 106 (49/57) 1.01 ± 0.15 0.95 ± 0.15 10 (20.4) 14 (24.6)

T12 106 (55/51) 1.02 ± 0.20 1.02 ± 0.15 10 (18.2) 7 (13.7)

T0–T12 99 (51/48) + 0.07 ± 0.20 + 0.07 ± 0.23

Albumin: 35–50 g/L

T0 131 (63/68) 37.8 ± 3.8 37.8 ± 2.6 9 (14.3) 7 (10.3)

T6 133 (65/68) 38.8 ± 3.4 39.0 ± 3.0 6 (9.2) 5 (7.4)

T12 133 (65/65) 38.5 ± 3.2 38.8 ± 2.7 8 (12.3) 3 (4.6)

T0–T12 122 (59/63) + 1.00 ± 3.50 + 1.03 ± 2.99

Data are presented as mean ± standard deviation and counts (percentages)

US United States (units), sMVS standard multivitamin supplement
a Corrected for albumin levels (total calcium − (0.025 × albumin) + 1)

p > 0.05 for all
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Anemia and Iron Deficiency

In total, 17 patients (12.3%) were anemic during the study.
Additionally, three patients (2.2%) had iron deficiency
anemia. This is in line with the prospective cohort study
of Hakeam et al., who also found a low prevalence of iron
deficiency anemia (1.6%) 1 year after SG [22]. In contrast,
Abdulrahman and colleagues reported that 36% of their
patients developed iron deficiency anemia [23]. However,
the latter study most likely used serum iron concentrations
to define iron deficiency anemia as they did not report on
ferritin levels.

Post-bariatric anemia is in most cases due to iron defi-
ciency, along with vitamin B12 deficiency as a secondary
cause [5]. We observed iron deficiency, expressed in low
serum ferritin levels, in seven patients (5.1%). After sur-
gery, reduced secretion of HCl, use of proton-pump inhib-
itors (PPI), and faster gastric emptying may limit absorp-
tion [13, 14, 21, 24]. Besides low absorption, reduced oral
intake and intolerance to iron-rich sources such as red
meat might be a cause of iron deficiency post-sleeve
[14, 21].

The dose of 21 mg elementary iron in WLS
Optimum 1.0 should be increased to prevent iron defi-
ciencies post-sleeve. Yet, considering the low number of
deficiencies observed in the present study, the recom-
mended dose of 45–60 mg for WLS preventative

supplements according to the ASMBS guidelines [25]
is probably overestimated.

Vitamin B12 Deficiency

Occurrence of vitamin B12 deficiency after SG is mainly
due to the reduction of HCl and intrinsic factor as a
consequence of the surgery, which is even more pro-
nounced with PPI intake [14, 26]. In the present study,
a marked decrease in mean serum vitamin B12 levels
over the first year post-operatively was found in both
groups, indicating that the dose of 10 μg vitamin B12
in the WLS Optimum supplement was insufficient. In the
study of Al-Mutawa and colleagues (2018), patients were
prescribed additional B-complex tablets for 1–3 months,
including 200 μg vitamin B12 (next to 100 mg vitamin
B1 and 200 mg vitamin B6) [14]. This high dose of
vitamin B12 (8400% RDA) significantly improved serum
vitamin B12 levels during the early post-operative period
in comparison to baseline. Thereafter, patients continued
with a daily multivitamin supplement that provided only
1 μg (42% RDA) of vitamin B12, which was insufficient
to prevent deficiencies [14].

These findings indicate that SG-specific MVS do not
need to contain more than 100 μg of vitamin B12 to pre-
vent deficiencies. This is not in line with the ASMBS rec-
ommendation of 350–500 μg per day [25], probably

Table 5 Vitamin B1 and B6 and zinc

Parameter Cases Mean serum levels Deficiencies

WLS Optimum sMVS WLS Optimum sMVS

Vitamin B1: 95–175 nmol/L (US: 3.2–5.9 μg/dL)

T0 128 (61/67) 167.8 ± 29.5 162.3 ± 31.1 0 – 1 (1.5)

T6 104 (49/55) 148.0* ± 27.6 134.8 ± 24.8 1 (2.0) 4 (7.3)

T12 106 (54/52) 145.4 ± 29.8 144.1 ± 44.1 2 (3.7) 2 (3.8)

T0–T12 99 (50/49) − 19.35 ± 40.61 − 17.24 ± 45.05

Vitamin B6: 25–100 nmol/L (US: 0.62–2.47 μg/dL)

T0 127 (61/66) 79.3 ± 24.0 75.3 ± 29.5 0 – 0 –

T6 104 (49/55) 91.7 ± 36.1 88.1 ± 63.0 0 – 0 –

T12 105 (54/51) 82.9 ± 27.3 78.2 ± 25.9 0 – 0 –

T0–T12 97 (49/48) + 3.06 ± 26.59 5.85 ± 30.77

Zinc (9.2–18.4 μmol/L (US: 60–120 μg/dL)

T0 127 (61/66) 12.2 ± 1.6 12.2 ± 2.0 1 (1.6) 4 (6.1)

T6 105 (48/57) 11.7 ± 1.6 12.1 ± 1.9 3 (6.3) 2 (3.5)

T12 102 (53/49) 11.7 ± 1.9 11.8 ± 1.7 2 (3.8) 4 (8.2)

T0–T12 95 (50/45) − 0.44 ± 2.25 − 0.81 ± 2.15

Data are presented as mean ± standard deviation and counts (percentages)

US United States (units), sMVS standard multivitamin supplement

*p < 0.05
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because they do not make a distinction between the differ-
ent types of weight loss surgery.

Vitamin D Deficiency

Vitamin D deficiency was the most prevalent micronutrient
deficiency at baseline (76.1%). During the study, 10% of the
patients was deficient. This is not in line with other studies,
reporting between 16 and 89% of patients being deficient [7,

27, 28]. Next to supplementation andmonitoring post-surgery,
the improvement in vitamin D status is probably due to our
preoperative supplementation protocol. According to the sys-
tematic review of Dix et al., only 3 of the 17 included studies
used additional supplementation to improve vitamin D status
before SG [27]. Prevalence rates of post-operative vitamin D
deficiencies in studies using a preoperative treatment protocol
range from 14 to 36% [9, 15, 17, 29], being closer to our
observation.

Table 6 Results of the per protocol analyses

Parameter Cases Mean serum levels Deficiencies

WLS Optimum sMVS WLS Optimum sMVS

Hemoglobin: F: 7.4–9.9 mmol/L, M: 8.4–10.8 mmol/L (US: F:11.9–16.0 g/L, M: 13.5–17.4 g/L)

T6 110 (44/66) 8.7 ± 0.7 8.7 ± 0.8 0 – 5 (8.2)

T12 100 (38/62) 8.5 ± 0.6 8.5 ± 0.7 1 (2.6) 8 (12.9)

T0–T12 99 (37/62) − 0.34 ± 0.66 − 0.20 ± 0.54

Ferritin:20–300 ng/mL

T6 93 (37/56) 148.3 ± 116.4 136.3 ± 74.2 0 – 2 (3.6)

T12 99 (37/62) 150.0 ± 116.5 130.5 ± 75.9 1 (2.7) 2 (3.2)

T0–T12 99 (37/62) + 2.65 ± 60.33 − 3.61 ± 80.05

Folic acid: 9.1–36 nmol/L (US: 4.0–15.9 ng/mL)

T6 109 (44/65) 24.1* ± 8.7 20.2 ± 7.0 0 – 0 –

T12 101 (38/63) 24.4* ± 10.3 19.6 ± 6.6 1 (2.6) 3 (4.8)

T0–T12 100 (37/63) + 6.84* ± 9.73 + 2.42 ± 7.05

Vitamin B12: 200–570 pmol/L (US: 271–773 pg/mL)

T6 93 (36/57) 278.9 ± 90.0 300.0 ± 88.8 8 (22.2) 8 (14.0)

T12 94 (33/61) 277.5 ± 77.8 286.0 ± 87.6 7 (21.2) 14 (23.0)

T0–T12 94 (33/61) − 25.27 ± 83.19 − 29.30 ± 83.69

Vitamin D: > 50 nmol/L (US: > 20 ng/mL)

T6 110 (44/66) 87.4 ± 25.2 91.6 ± 32.8 1 (2.3) 4 (6.1)

T12 99 (37/62) 88.0 ± 28.4 86.9 ± 27.7 2 (5.4) 5 (8.1)

T0–T12 99 (37/62) + 48.24 ± 28.22 + 53.77 ± 25.53

PTH: 1.3–6.8 pmol/L (US: 12.3–64.1 pg/mL)

T6 111 (44/67) 3.1 ± 1.4 3.7 ± 1.7 2 (4.5) 4 (6.0)

T12 100 (37/63) 3.2* ± 1.7 4.0 ± 2.1 1 (2.7 0 –

T0–T12 100 (37/63) − 0.32 ± 1.90 − 0.10 ± 2.66

Vitamin B1: 95–175 nmol/L (US: 3.2–5.9 μg/dL)

T6 86 (36/50) 150.2* ± 27.6 137.9 ± 23.3 0 – 2 (4.0)

T12 82 (33/49) 146.9 ± 33.2 146.2 ± 44.4 2 (6.1) 1 (2.0)

T0–T12 78 (30/48) − 20.97 ± 46.62 − 14.02 ± 43.87

Zinc (9.2–18.4 μmol/L (US: 60–120 μg/dL)

T6 87 (35/52) 11.9 ± 1.65 12.1 ± 1.82 2 (5.7) 1 (1.9)

T12 79 (33/46) 11.8 ± 2.0 11.7 ± 1.5 0 – 2 (4.3)

T0–T12 75 (31/44) − 0.22 ± 2.23 − 0.68 ± 2.27

Data are presented as mean ± standard deviation and counts (percentages)

Information about compliance was missing for 17 patients at T6 and 23 patients at T12. These patients were excluded from analysis for that time point.
Non-users of multivitamin supplements were also excluded

US United States (units), sMVS standard multivitamin supplement

*p < 0.05
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Calcium and magnesium deficiencies were rare during the
first year post-sleeve, but low levels of phosphate were found
more frequently. Hypophosphatemia is usually due to vitamin
D deficiency [30]. However, because of the low prevalence of
vitamin D deficiencies, we could not confirm this in the pres-
ent study. Nevertheless, the dose of vitamin D in an SG-
specific supplement should be increased to the levels advised
for RYGB patients by the ASMBS (75 μg per day) to also
improve post-operative phosphate levels [25].

Vitamin B1 Deficiency

Vitamin B1 deficiencies are not commonly reported after SG,
probably because they are not routinely measured. We found
lowered vitamin B1 levels in nine patients (7.3%) throughout
the study period, but none showed clinical symptoms. This
differs from RYGB patients in whom such deficiencies hardly
occur [7, 8]. Theoretically, this could be explained by the
higher risk of minimized intake and vomiting after SG com-
pared to a RYGB.When thiamin levels are below the adequate
level, this can result in serious cardiovascular and neurologic
consequences such as Wernicke’s encephalopathy (WE) and
beriberi [31, 32]. Risk factors known to cause post-bariatric
WE include alcohol consumption, vomiting, and rapid weight
loss, but also poor compliance with vitamin supplementation
is an important predisposing factor [28, 32, 33].

For non-vomiting patients, the dose of thiamin required to
prevent deficiencies post-sleeve should be increased from 2 to
± 3 mg. In our opinion, the recommended dose of 12 mg per
day by the ASMBS [25] is thus highly overestimated.

Zinc Deficiency

As with thiamin, only a few studies have evaluated zinc status
after bariatric surgery, mainly focusing on one type of surgery
(RYGB). In the present study, prevalence of zinc deficiency
was 13%,which is quite low compared to the wide range of 5–
39% described in the available literature [12, 17, 34–36]. It is
suggested that initially, zinc deficiency may be caused by
malabsorption and protein malnutrition [35]. In our study,
the only marker for protein status was albumin. About half
of the patients that were deficient for zinc also had low albu-
min levels, and at 12 months, serum zinc levels were signifi-
cantly correlated with serum albumin levels (r = 0.496). Other
factors associated with zinc deficiency include a reduction of
gastric HCl limiting zinc absorption, and inadequate intake of
dietary zinc because of intolerance to foods rich in zinc such
as red meat [35, 37].

The dose of 15 mg of zinc in WLS Optimum 1.0 was not
sufficient to prevent deficiencies. However, this dose was al-
ready higher than the recommended dose of 8–11 mg per day
according to the ASMBS [25]. For SG patients ,

recommendations should be increased to at least the levels
advised in RYGB patients (8–11 mg/day to 16–22 mg/day).

Hypervitaminosis

Some patients showed excess serum levels of vitamin B1
(13%) and vitamin B6 (27%) throughout the study period.
For both vitamins, excess cases were more prevalent than defi-
cient ones. Complications of high doses of vitamin B1 are rare
as the body can excrete excess amounts of thiamin in the urine
[13, 31]. However, excessive serum levels of vitamin B6 can
cause neuropathic symptoms [38]. Despite the higher dose of
vitamin B6 in WLS Optimum (143% RDA) compared to the
sMVS (100% RDA), no difference in prevalence of hypervita-
minosis was found between the two groups. In three patients,
extremely high serum levels (> 200 nmol/L) of vitamin B6
were found. Clinical manifestations of vitamin toxicity have
not been actively investigated in the present study.
Consequently, it is difficult to ascertain whether the observed
excess levels are clinically relevant. High serum vitamin B6
levels can also occur due to over-use of vitamin supplements.
As serum folic acid concentrations rapidly increase after intake
[39], these concentrations can be used as a marker for compli-
ance of MVS intake in countries where it is not a food additive.
In our study, serum vitamin B6 levels were significantly corre-
lated with serum folic acid levels at 12months (r = 0.494), but it
is unclear if patients indeed overdosed the MVS.

Limitations

The present study has some limitations, especially the relative-
ly high percentage of incompliant patients which most likely
led to underpowering. Even when provided free of charge,
about one third of the patients were not compliant to the sup-
plement protocol. With respect to product optimization, this
finding is very important as it indicates that this version WLS
Optimum was probably not well tolerated.

In addition, information on compliance was subjective (via
questionnaires and medical files) and incomplete which might
have led to an overestimation of compliant patients. Yet, com-
paring self-reported intake to blister counting in a previous
study showed that the majority of the patients are honest in
their self-reports. Besides, presuming that serum folic acid
levels can serve as a marker for compliance, the absence of
folic acid deficiencies in the per protocol analyses implies that
these patients were indeed compliant.

Furthermore, only preoperative deficiencies for vitamin
B12 and vitamin D were treated. Not correcting for all preop-
erative deficiencies could have affected our findings regarding
the efficacy of both multivitamin supplements in relation to
the observed nutritional status.

Despite these limitations, we believe that we can draw im-
portant conclusions about nutritional status of the investigated
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micronutrients after SG and the need for long-term nutritional
follow-up and maintenance of routine multivitamin
supplementation.

Conclusion

This randomized controlled study showed that nutritional defi-
ciencies are prevalent after sleeve gastrectomy. Despite the fact
that the investigated, specialized multivitamin supplement
contained elevated doses of multiple vitamins and minerals, it
only significantly affected serum levels of folic acid, PTH and
vitamin B1, and anemia rates compared to a standard MVS.
This indicates that there is a clear need to further optimize
multivitamin supplementation for sleeve patients. These sup-
plements should contain higher doses of elementary iron, folic
acid, vitamin B12, vitamin D, vitamin B1, and zinc to prevent
deficiencies post-operatively. However, caution is needed to
prevent oversupplementation as we found that most of the rec-
ommended doses forWLS preventative supplements according
to the ASMBS guideline might be overestimated.

Besides, non-compliance with multivitamin supplements
was frequently encountered. More research is needed to iden-
tify which factors affect (non-)compliance and how this can be
improved.
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