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Abstract
Introduction: While vitamin deficiency after bariatric sur-
gery has been repeatedly described, few studies have fo-
cused on adequate micronutrient status. In this study, we 
examine the prevalence of vitamin and micronutrient defi-
ciency for the first 3 years after surgery. Methods: Out of 
1,216 patients undergoing surgery, 485 who underwent 
postoperative follow-up in an outpatient clinic between 
2010 and 2019 were included in this evaluation (76.9% wom-
en, mean age 42 ± 12 years, mean BMI: year 1, 33.9 ± 19.2; 
year 2, 29.7 ± 8.7; year 3, 26.2 ± 4.0). Weight and cardiovas-
cular risk factors as well as ferritin, vitamin B12, folic acid, 
25-OH-vitamin D, vitamin A, vitamin E, zinc, copper, and se-
lenium were evaluated. Deficits were defined as follows: fer-
ritin < 15 µg/L, vitamin B12 < 197 pg/mL, folic acid < 4.4 ng/
mL, 25-OH-vitamin D < 75 nmol/L, vitamin A < 1.05 µmol/L, 
vitamin E < 12 µmol/L, zinc < 0.54 mg/L, copper < 0.81 mg/L, 
and selenium < 50 µg/L. All patients underwent dietary coun-
selling and substitution of the respective deficits as appro-
priate. Results: One year after bariatric surgery, 485 patients 
completed follow-up. This number decreased to 114 pa-
tients in year 2, and 80 patients in year 3. Overall, 42.7% (n = 

207) underwent sleeve gastrectomy, 43.7% (n = 211) Roux-
en-Y-gastric bypass, and 13.9% (n = 67) gastric banding. The 
following deficits were found (year 1/2/3): ferritin, 
21.6/35.0/32.5%; vitamin B12, 14.3/1.8/6.3%; folic acid, 
29.7/21.6/15.3%; 25-OH-vitamin D, 70.8/67.0/57.4%; vitamin 
A, 13.2/8.9/12.8%; vitamin E, 0%; zinc, 1.7/0/1.5%; copper, 
10.4/12.2/11.9%; selenium, 11.1/4.3/0%. Conclusion: As 
seen in other studies, the follow-up frequency decreased 
over the years. Despite intensive substitution, the extent of 
some deficiencies increased or did not improve. These re-
sults suggest reinforcing measures to motivate patients for 
regular follow-up visits, considering closer monitoring 
schedules, and improving supplementation strategies.

© 2021 The Author(s)
Published by S. Karger AG, Basel

Introduction

Obesity is becoming a worldwide pandemic disease 
and is recognized as a major health concern by the WHO. 
Data showed a prevalence of 39% for overweight and 13% 
for obesity worldwide in 2016, values which have tripled 
since 1975 [1].

The number of bariatric procedures as an effective 
treatment for morbid obesity is rising steadily. Although 
postoperative micronutrient deficiency is a well-known 
side effect of bariatric surgery [2–4], probably due to al-
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tered eating habits and the restrictive/malabsorptive 
component of the operation, most studies concentrate on 
only the evaluation of a few micronutrients in smaller co-
horts (e.g., vitamin D, vitamin B12, ferritin). Following 
bariatric surgery, important sites of absorption of various 
minerals and vitamins such as the duodenum and the 
proximal jejunum might be excluded from absorption. 
Therefore, life-long follow-up and appropriate substitu-
tion of macro- and micronutrient deficiencies is crucial 
following bariatric surgery. However, only 12–49% of pa-
tients have an assessment of micronutrient status after the 
procedure – depending on the kind of micronutrient [5]. 
A nationwide study in France also showed that the fre-
quency of visits to the doctor and the intake of supple-
ments decreased over the years [6]. In this study, we ex-
amined the prevalence of micronutrient deficiency in a 
large cohort of patients after bariatric surgery in the long-
term follow-up, and analyzed a greater number of possi-
ble deficiencies than usually regarded in order to evaluate 
the need for nutritional counselling and appropriate 
postoperative substitution.

Research Design and Methods

For recruitment, patients with morbid obesity who underwent 
a postoperative check-up after bariatric surgery were enrolled at 
the obesity clinic of the 1st Department of Medicine at the Hospi-
tal Landstrasse, Vienna, Austria between 2010 and 2019. Patients 
were referred by their general practitioner or the associated sur-
gery department for postoperative evaluation. The study was ap-
proved by the institutional Ethics Committee (Ethics Committee 
of “Magistrat der Stadt Wien MA 15”; EK 19-077-VK) and com-
plied with the Declaration of Helsinki, including current revisions 
[7], and the Good Clinical Practice guidelines. All subjects gave 
written informed consent before the beginning of the study. All 
patients were treated by an interdisciplinary team of surgeons, en-
docrinologists, dietitians and, if necessary, psychologists.

Four hundred and eighty-five patients following bariatric sur-
gery (76.9% women, age 42 ± 12 years, mean BMI 33.9 ± 19.2) were 
available after the first year of surgery and were investigated in this 
cross-sectional, retrospective study. During the following years, 
the rate of participants decreased steadily. All patients underwent 
close nutritional counseling by a trained dietitian directly after sur-
gery, after 6 months, and at least once a year. In patients with de-
ficiencies, dietary follow-ups were performed more frequently on 
an individual basis. Depending on their vitamin status, patients 
received one or more supplements in addition to the standard sup-
plementation and were regularly instructed to adjust the dose ac-
cordingly.

Starting after surgery, all patients were advised to take a stan-
dard supplementation with vitamin D (2,200 IU/day), calcium 
(1,200 mg/day), folic acid (5 mg/day), a multivitamin preparation, 
and, in case of Roux-en-Y-gastric bypass (RYGB), hydroxocobala-
min (1 mg every 3 months). At our clinic no standard iron supple-
mentation is performed. Even women after RYGB are supple-
mented accordingly to their laboratory results.

Anthropometric data (such as height, weight, and BMI) were 
assessed. Additionally, cardiovascular risk factors such as blood 
pressure and parameters of glucose and lipid metabolism were re-
corded. Blood samples were taken after an overnight fast and im-
mediately processed by the hospital’s laboratory.

Laboratory Measurements
Blood glucose, total cholesterol, high-density lipoprotein cho-

lesterol, and triglyceride levels were measured by enzymatic in vi-
tro tests (Roche Diagnostics GmbH, Graz, Austria). Low-density 
lipoprotein cholesterol was calculated using the Friedewald for-
mula. Glycosylated hemoglobin (HbA1c) was measured by HPLC 
(Diamat; Bio-Rad Laboratories, Hercules, CA, USA). Hemoglobin 
was measured by the SLS (sodium lauryl sulfate)-detection method 
(Sysmex, Austria).

Vitamin A as well as vitamin E levels were measured by the 
HPLC method. Vitamin B12, 25-OH-vitamin D, parathyroid hor-
mone (PTH), and folic acid were determined by electrochemilu-
minescence assay (Cobas e immunoassay system, Roche Diagnos-
tics, Germany). Ferritin was measured by quantitative in vitro tests 
(Roche/Hitachi Cobas e system, Germany). Zinc, copper, and se-
lenium were measured via atomic absorption spectrometry with 
the “Graphitrohrofen technique.” For the reference range of the 
respective laboratory tests, see Table 1.

Baseline, % Year 1, % Year 2, % Year 3, %

Ferritin (15–150 µg/L) 8.3 21.6 35.0 32.5
Hemoglobin (>12.5/>13 g/dL) 15.1 28.2 36.4 37.0
Vitamin B12 (188–771 pg/mL) 4.8 14.3 1.8 6.3
Folic acid (5.3–18.7 ng/mL) 62.4 29.7 21.6 15.3
25-OH-vitamin D (>75 nmol/L) 93.9 70.8 67.0 57.4
Vitamin A (1.05–2.45 µmol/L) 5.7 13.2 8.9 12.8
Vitamin E (11.6–46.4 µmol/L) 0 0 0 0
Copper (0.81–1.94 mg/L) 4.4 10.4 12.2 11.9
Zinc (0.54–1.03 mg/L) 1.0 1.7 0 1.5
Selenium (50–120 µg/L) 0 11.1 4.3 0

Table 1. Vitamin deficiency before sur-
gery, 1, 2, and 3 years after surgery, and 
reference values for micronutrients
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Statistics
Metric data are presented as the mean (SD) or as the median 

(IQR) as appropriate, while categorial variables are presented as 
absolute numbers and relative percentages. The laboratory values 
of the micronutrients are dichotomized according to local labora-
tory reference ranges. Hypovitaminosis D is defined by 25-OH-
vitamin D values below 75 nmol/L (insufficiency 50–75 nmol/L; 
deficiency <50 nmol/L), folate deficiency by values below 5.3 ng/
mL, hypovitaminosis B12 by values below 188 pg/mL, hypovita-
minosis E by vitamin E values below 11.6 µmol/L, and hypovita-
minosis A by vitamin A values below 1.05 µmol/L. Copper defi-
ciency was defined by values below 0.81 mg/L, zinc deficiency by 
values below 0.54 mg/L, and deficiency in selenium by values be-
low 50 µg/L. Hyperparathyroidism as a surrogate for calcium de-
ficiency is defined by PTH values above 56.9 pg/dL and hypofer-
ritinemia as a surrogate for iron deficiency by ferritin values below 
15 µg/L. Anemia was defined as a hemoglobin value below 12.5 g/
dL in women and below 13 g/dL in men (Table 1).

To investigate whether micronutrient deficiencies depend on 
sex or the kind of surgery, they were compared using the Kruskal-
Wallis test in the case of surgery and the Mann-Whitney U test in 
the case of sex, as the data were not normally distributed. A p val-
ue >0.05 was considered as statistically significant. All analyses 
were conducted using the SPSS 24.0 statistical software package 
(IBM Corp.). 

Results

Out of 1,216 patients undergoing surgery (77.3% 
women, mean age 41 ± 12 years, mean BMI 44 ± 9), 485 
participated in the postoperative follow-up in the first 
year after surgery. The other 731 patients who underwent 
surgery in our clinic were already lost for follow-up at the 
first planned control. The mean age of the patients was 42 
± 12 years and the mean BMI was 33.9 ± 19.2 at the first 
year after bariatric surgery; 76.9% of the patients were fe-
male. The patients were followed for 3 years. The number 
of patients undergoing the recommended yearly exami-

nation decreased to 114 patients in year 2 (BMI 29.7 ± 8.7) 
and 80 patients in year 3 (BMI 26.2 ± 4.0). 42.7% (n = 207) 
of patients attending the clinic 1 year after surgery under-
went sleeve gastrectomy, 43.7% (n = 211) RYGB, and 
13.9% (n = 67) gastric banding. In the second year of fol-
low-up, 45 patients with sleeve gastrectomy, 54 patients 
with RYGB, and 15 patients with gastric banding were 
still available for analysis. In the third year, this number 
decreased to 25 patients with sleeve gastrectomy, 44 pa-
tients with RYGB, and 11 patients with gastric banding. 
Patient characteristics at 1, 2, and 3 years of follow-up are 
shown in Table 2. The baseline vitamin levels are shown 
in Table 1.

Overall, 29.7% (n = 144) of the patients had a deficit in 
folic acid after the first year of surgery, decreasing to 
21.6% in year 2 and 15.3% in year 3. Regarding vitamin 
B12, 14.3% (n = 69, year 1) exhibited a deficit (year 2, 1.8% 
[n = 2]; year 3, 6.3% [n = 5]). For 25-OH-vitamin D, 70.8% 
(n = 343) showed a deficit in year 1 (year 2, 67.0% [n = 
76]; year 3, 57.4% [n = 46]) and 26.8% (n = 130) exhibited 
elevated levels of PTH (year 2, 30.3% [n = 35]; year 3, 
31.1% [n = 25]). 

Iron deficiency in iron was found as follows: 21.6%  
(n = 105, year 1), 35.0% (n = 40, year 2), 32.5% (n = 26, 
year 3). Likewise, a decrease in hemoglobin was seen in 
28.2% (n = 137) of patients in year 1 (year 2, 36.4% [n = 
52]; year 3, 37.0% [n = 30]). Vitamin A deficiency rates 
were as follows: 13.2% (n = 64, year 1), 8.9% (n = 101, year 
2), 12.8% (n = 10, year 3). None of the patients had a def-
icit in vitamin E. 

Zinc deficiency was only found in year 1 (1.7%, n = 8) 
and 3 (1.5%, n = 1). There was a deficit in copper in 10.4% 
(n = 50, year 1), 12.2% (n = 14, year 2), and 11.9% (n = 10, 
year 3). Selenium deficit was only found in year 1 (11.1%, 
n = 54) and year 2 (4.3%, n = 5).

Baseline Year 1 Year 2 Year 3

Age, years 41±12 42±10
Weight, kg 128±24 92±32 85±20 85±21
BMI 44±9 34±19 29±8 26±4
HbA1c, % 6.1±2.5 5.5±2.3 5.4±0.5 5.5±0.8
Systolic blood pressure, mm Hg 141±17 126±17 122±18 123±13
Diastolic blood pressure, mm Hg 90±11 80±11 77±11 80±12
Cholesterol, mg/dL 203±205 228±603 224±425 177±34
High-density lipoprotein cholesterol, 

mg/dL
47±14 58±15 63±16 66±15

Low-density lipoprotein cholesterol, 
mg/dL

118±34 105±35 99±34 91±28

Triglyzerides, mg/dL 163±101 99±52 99±45 99±45

Table 2. Baseline characteristics (mean ± 
SD)
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Comparing micronutrient deficiencies in patients be-
fore and after surgery there was an increase in the deficien-
cy of ferritin, vitamin B12, vitamin A, copper, and seleni-
um. Vitamin E and zinc did not show a difference and the 
deficiency in vitamin D and folic acid decreased. A sum-
mary of all deficits is provided in Figure 1 and Table 1.

Gender-specific differences were only seen in the first 
2 years of follow-up. Women significantly more often ex-
hibited low levels of hemoglobin (year 1, 32.1 vs. 9.6%,  
p < 0.002; year 2, 41.1 vs. 15.0%, p = 0.029) and a deficit 
in in ferritin (year 1, 24.6 vs. 8.0%, p = 0.002; year 2, 39.8 
vs. 15.8%, p = 0.048). 

On the other hand, deficiency in copper was seen sig-
nificantly more often in men than in women (year 1, 44.4 
vs. 5.4%, p < 0.002; year 2, 66.7 vs. 8.1%, p = 0.004). In the 
first year of follow-up a deficiency in vitamin B12 was 
seen slightly more often in men (21.1 vs. 12.8%, p = 0.043).

Considering the type of surgery, significant differenc-
es in several vitamins were seen predominantly in the first 
year of follow-up, especially regarding patients with 
sleeve gastrectomy versus RYGB. After RYGB, there were 
significantly more deficits in hemoglobin (36.7 vs. 18.4%, 
p < 0.002), ferritin (32.4 vs. 9.3%, p < 0.002), vitamin B12 
(16.7 vs. 4.9%, p < 0.002), vitamin D (90.3 vs. 49.2%, p < 
0.002), vitamin A (33.3 vs. 9.0%, p = 0.017), and selenium 
(66.7 vs. 6.1%, p = 0.002). PTH was significantly more of-
ten elevated in RYGB (38.3 vs. 14.1%, p < 0.002). 

In the second year of follow-up, these differences were 
only seen for hemoglobin (51.8 vs. 20.8%, p = 0.001), fer-
ritin (52.6 vs. 17.6%, p < 0.002), and vitamin D (93.9 vs. 
37.0%, p < 0.002), and elevation of PTH continued to per-
sist (45.6 vs. 10.4%, p < 0.002). In the third year of follow-

up significant differences for hemoglobin (51.2 vs. 19.4%, 
p = 0.004), ferritin (47.5 vs. 18.4%, p = 0.007), PTH (48.7 
vs. 12.1%, p = 0.001), and vitamin D (78.1 vs. 38.2%, p = 
0.001) continued to be prevalent. There was, however, a 
newly observed difference in vitamin A deficiency (RYGB 
31.3 vs. sleeve gastrectomy 0%, p = 0.005).

Regarding differences in sleeve gastrectomy versus gas-
tric banding, an elevation in PTH (35.7 vs. 14.1%, p = 
0.035) and a deficiency in folic acid (45.6 vs. 23.0%, p = 
0.001), vitamin B12 (21.8 vs. 4.9%, p < 0.002), and vitamin 
D (87.5 vs. 49.2%, p = 0.036) were found significantly more 
often in patients with gastric banding in the first year of 
follow-up. Those significant differences continued to per-
sist during the second year for elevations in PTH (66.7 vs. 
10.4%, p = 0.035) and folic acid deficiency (50.0 vs. 8.9%,  
p = 0.001). A deficiency in vitamin D was significantly 
more often seen in sleeve gastrectomy than gastric banding 
during the second year of follow-up (37.0 vs. 0%, p = 0.036). 

Regarding differences in gastric banding versus RYGB, 
there was only seen a significantly higher deficit in folic acid 
during the first 2 years of follow-up (year 1, gastric banding 
45.6 vs. RYGB 30.3%, p = 0.029; year 2, gastric banding 
59.0% vs. RYGB 30.8%, p = 0.029). During the third year of 
follow-up, there were no significant differences in gastric 
banding versus sleeve gastrectomy or RYGB.

Discussion

Morbid obesity is accompanied by multiple health-re-
lated consequences such as diabetes mellitus and cardio-
vascular disease resulting in an increased burden to the 
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individual and the society. Bariatric surgery provides nu-
merous benefits such as a reduction in the prevalence of 
hypertension, hyperlipidemia, diabetes mellitus, sleep 
apnea and overall cardiovascular risk, as well as an in-
crease in health-related quality of life [8]. It is well known, 
however, that bariatric surgery as an effective treatment 
can induce postoperative micronutrient deficiencies, 
which require substitution [2], especially when malab-
sorptive procedures are applied [9]. 

In our study we were able to demonstrate a high prev-
alence of micronutrient deficiency in patients after bar-
iatric surgery in a large population. Weight loss after sur-
gery was satisfactory and all patients were advised regard-
ing continuous micronutrient substitution and follow-up 
visits. As shown by others [5], the frequency of postop-
erative visits decreased over the years. After the first year 
of follow-up, we could observe significantly more defi-
ciencies in ferritin, vitamin B12, vitamin D, vitamin A, 
and selenium, as well as an elevation in PTH and a de-
crease in hemoglobin in patients following RYGB versus 
sleeve gastrectomy. These findings are in line with previ-
ous observations [10, 11]; however, there are also contra-
dicting reports which could not observe any differences 
for micronutrients [12] or, on the contrary, observed a 
decrease of deficiency of vitamin D [13]. 

These differences can be explained by the respective 
surgical technique. In sleeve gastrectomy, only the large 
curvature of the stomach is removed, while the anatomy 
of the gastrointestinal tract remains intact. However, the 
reduced availability of stomach secretion of pepsin and 
hydrochloric acid may per se lead to a decreased capacity 
for digestion [14]. In RYGB, the stomach is reduced to a 
volume of 20–30 mL and the stomach contents are re-
routed to the distal jejunum via an anastomosis connec-
tion. Therefore, the duodenum and proximal jejunum – 
the main parts of micronutrient absorption – are exclud-
ed from resorption.

The highest deficit was found in vitamin D, which is 
congruent with previously published preoperative data 
[15]. Therefore, it can be assumed that a preoperative def-
icit is difficult to compensate and continues to persist 
postoperatively despite intensified vitamin substitution. 
Nevertheless, in our study > 70% of patients exhibited a 
deficiency of vitamin D. In the long-term follow-up, the 
deficit in vitamin D decreased to below 60% as a conse-
quence of intensive patient counseling and substitution, 
which is in line with published observations [13]. Lower 
25-OH-vitamin D levels are associated with metabolic 
bone disease and osteoporosis and, as recently shown, ad-
vanced stages of liver fibrosis in morbidly obese patients 

[16]. Since 25-OH- vitamin D is processed through sun-
light, it has a significant relationship to physical activity 
[17]. 

PTH is an important regulator of calcium homeostasis 
and thus of bone metabolism. We consequently found 
elevated levels of PTH indicating secondary hyperpara-
thyroidism caused by concurrent vitamin D deficiency in 
nearly 27% of our patients 1 year after surgery. The re-
spective levels were slightly rising after 2 and 3 years.

Folic acid is characterized by a low storage capacity. 
The main resorption sites are the duodenum and proxi-
mal jejunum. Folic acid deficiency might lead to megalo-
blastic pernicious anemia and neural tube defects [18]. A 
deficit in folic acid was shown in 30% of patients and de-
creased continuously during the follow-up. In compari-
son to preoperative data, the number of patients with a 
deficiency was much lower [15], most likely due to inten-
sive substitution already started preoperatively. Indeed, 
the levels of folic acid were higher than those reported by 
others [11, 19].

The main site of absorption of vitamin B12 is the ter-
minal ileum. The storage capacity of vitamin B12 in the 
body is quite large; however, vitamin B12 deficiency can 
lead to hematologic and neurologic symptoms. In par-
ticular, macrocytic anemia following bariatric surgery 
may indicate vitamin B12 deficiency. Vitamin B12 defi-
ciency was prevalent in 14% of the study population and 
decreased significantly over time due to intramuscular 
administration of vitamin B12 every 3 months, especially 
in RYGB. 

The main sites of absorption for iron are the duode-
num and the proximal jejunum. Common physical symp-
toms of iron deficit are fatigue, reduced exercise perfor-
mance, and anemia. A deficit in ferritin as a surrogate for 
iron deficiency was shown in 22% of the patients and fur-
ther increased during follow-up. Anemia was seen in 32% 
of women and nearly 10% of men after the first year of 
surgery. This gender difference is most likely caused by 
an iron loss due to menstruation. These numbers in-
creased during follow-up in both sexes. Deficits in ferritin 
were seen significantly more often in RYGB than sleeve 
gastrectomy, which is in line with other reports [20, 21].

Fat-soluble vitamin A is mainly resorbed in the upper 
small intestine. Normally, vitamin A deficiency is most 
likely seen in third-world countries and in people with 
defects in liver storage. Common symptoms of vitamin A 
deficiency are night blindness, reduced infection control, 
and problems in reproduction [22, 23]. A deficit in vita-
min A was seen in 13% of the examined patients in the 
first postoperative year and did not change after 3 years. 
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Other authors likewise demonstrated that vitamin A de-
ficiency was relatively common after bariatric surgery 
[10, 24].

Vitamin E is an important antioxidant. As there is suf-
ficient liver storage capacity, vitamin E deficiency is only 
seen after many years of malnutrition. Accordingly, no 
patient in our study exhibited vitamin E deficiency.

Copper is essential for the pigmentation of skin and 
hair and indirectly influences blood building through in-
fluencing iron. Furthermore, it plays a role in the proper 
function of the immune system. The main resorption 
sites are the stomach and duodenum. Around 10% of our 
patients exhibited a deficit in copper. This number in-
creased slightly to 12% in the third year of follow-up as 
also reported in the literature [25]. 

Selenium is an essential cofactor of selenoproteins. 
The main sites of absorption are the duodenum and 
proximal jejunum. Common symptoms of selenium 
deficit are myopathy, cardiomyopathy, and loss of mus-
cle mass. In our population, 11% of patients exhibited a 
selenium deficit during the first year of follow-up. This 
level decreased continuously, and after 3 years of fol-
low-up we could not find a selenium deficit anymore. 
Until now, there have only been a few studies examin-
ing selenium levels after bariatric surgery as it is not 
recommended as a routine examination by the ASMBS 
guidelines [26]. Our results are also in line with pub-
lished data [25].

Zinc is a trace element essential for wound healing, 
growth, and reproductive function. The main site of ab-
sorption is the jejunum and the storage capacity of the 
body is quite small. Typical symptoms of a zinc deficit are 
skin rashes, acne, decrease in taste, increased susceptibil-
ity to infection and, in severe zinc deficiency, also hypo-
gonadism, alopecia, deficits in wound healing, and diar-
rhea. A deficit in zinc was found in only 2% of the study 
population, which is in line with another study [25], but 
significantly less common than found by other authors 
[27, 28].

In our study we found some significant gender differ-
ences. Women more often exhibited a decrease in hemo-
globin and a deficit in ferritin. A deficit in ferritin is 
caused either by inadequate intake or absorption of iron, 
or blood loss. The higher amount of deficiency in women 
may be due to blood loss caused by menstrual bleeding. 
Similar results were shown by other authors [29]. This 
finding shows once again the importance of developing 
and following a standard protocol for monitoring post-
operative patients, especially women of childbearing age. 
Men more often showed a deficit in vitamin B12 during 

the first year of follow-up and a deficit in copper during 
the first 2 years.

When comparing the effect of both surgical methods, 
sleeve gastrectomy proved to pose less risk for postopera-
tive micronutrient deficiencies. Most common were defi-
ciencies in vitamin D and folic acid, which have also been 
prevalent already preoperatively [15] and which are also 
found in the general population [30, 31]. There was a 
quite high number of deficiencies found in gastric band-
ing compared to sleeve gastrectomy despite the fact that 
both are solely restrictive procedures. However, the re-
striction in gastric banding could be more pronounced 
due to a smaller pouch and a narrower passage depending 
on the filling of the band. This might lead to altered eating 
habits, thereby possibly avoiding high-volume food rich 
in vitamins and micronutrients. The drop-out rate in year 
3 was similar in patients with sleeve gastrectomy and gas-
tric banding.

Our findings stress the importance of a thorough post-
operative assessment of micronutrient status as well as of 
reinforcement of scheduled visits. Unfortunately, specific 
postoperative laboratory controls are performed in <50% 
of patients after bariatric surgery, depending on the kind 
of vitamin or micronutrient investigated, as shown by 
Gudzune et al. [5]. Since the majority of patients complet-
ing the follow-up after 1 year were lost over time, we have 
to assume that the true micronutrient prevalence might 
be higher in the entire population. 

One strength of our study is the high number of sub-
jects investigated. The higher number of female patients 
reflects the observation that women more often undergo 
bariatric surgery than men. A limitation to be mentioned 
is the given seasonal variation of vitamin D in Austria due 
to differences in sun exposure. Since we determined vita-
min D throughout the year, bias regarding seasonal vari-
ation should be minimized. The decreased number of pa-
tients showing up for follow-up over the years is another 
limitation but a common phenomenon. We cannot dis-
tinguish, however, whether patients with postoperative 
complications are more likely to seek contact to physi-
cians specialized in the treatment of bariatric patients or 
whether patients being more adherent in general are 
more likely to undergo the recommended postoperative 
check-ups. Therefore, the system of follow-up needs to be 
standardized and reinforced. In addition, no formal drug 
accountability was performed as it was not feasible in 
such a large patient population. The patients, however, 
were asked at each visit about their intake of the respec-
tive supplements and reminded to continue taking them 
permanently.
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In conclusion, our data emphasize the importance of a 
stringent postoperative evaluation regarding nutritional 
deficiencies in addition to postoperative surveillance and 
respective substitution. Awareness should be raised in all 
physicians that after bariatric surgery subjects might be at 
risk for clinically important nutritional deficiencies and 
should be encouraged to attend regular follow-up visits.
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