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Status After Bariatric Surgery in Long-term Follow-up
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Abstract
Context A substantial number of patients undergoing bariatric surgery are prescribed psychopharmacological medication.
However, the impact of concomitant psychopharmacological medication on the frequency of relevant vitamin deficiencies in
postoperative follow-up is not known.
Methods Five hundred twenty-four patients with obesity who underwent bariatric surgery (January 2004 to September 2018)
with follow-up of at least 12 months, were included in retrospective analysis. Postoperative follow-up visits between January
2015 and September 2019 were analyzed. Anthropometric and laboratory data were analyzed at the first documented follow-up
visit after on average 39.5 ± 37.3 months and at every following visit during the observation period. Patients with prescribed
psychopharmacological drugs (PD) were compared with patients without (control group, CON).
Results Psychopharmacological medication was documented in 25% (132) of patients. In 59 patients documented prescription of
more than one psychiatric drug was found, whereas psychopharmacological monotherapy was found in 73 patients. Frequencies
of vitamin deficiencies were comparable between PD and CON (vitamin A: p = 0.852; vitamin D: p = 0.622; vitamin E: p =
0.901; folic acid: p = 0.941). Prevalence of vitamin B12 deficiency was rare (6% CON, 1% PD) but was significantly higher in
CON (p = 0.023). A comparison of CON and POLY also showed no significant differences between the groups concerning
prevalence of vitamin deficiencies.
Conclusions Intake of psychopharmacological medication is highly prevalent in patients after bariatric surgery. Patients with
psychopharmacological medication, who participate in structured follow-up care after bariatric surgery, are not at higher risk for
vitamin deficiencies compared with controls.
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Background

Bariatric surgery is the most effective therapy for pa-
tients with morbid obesity, leading to substantial weight
loss. This weight-loss improves metabolic health and
decreases mortality. Thus, metabolic surgery is an
established therapy to combat comorbidities linked with
severe obesity [1–3].

Morbid obesity has a fundamental impact on mental health
and is associated with high prevalence of depression disorders
[4]. Regarding long-term outcomes in patients with psychiat-
ric diseases diagnosed before undergoing bariatric surgery, the
evidence is conflicting. Bariatric surgery might enhance spe-
cific risk behavior leading to increased incidence of suicide as
well as higher risk of non-fatal self-harm and alcohol abuse
[5–7]. While symptoms of depression have been reported to
improve in the short-term to mid-term following bariatric sur-
gery [8], another study indicates that bariatric surgery is asso-
ciated with an increased risk of developing depression [9]. In
synopsis, there is evidence for an increase in symptom sever-
ity as well as diagnosis of psychiatric disorders in the
long-term after bariatric surgery [10–14], including an
increased risk of completed suicide as well as non-
fatal self-harm [7, 15].

Following bariatric surgery, patients’ compliance and the
adherence to regular intake of vitamin and dietary mineral
supplementation is essential to avoid potential adverse sequel-
ae of malabsorption and malnutrition. A high number of pa-
tients, after bariatric surgery, have problems with the
intake of the recommended supplements due to different
reasons (e.g., high number of supplements, difficulties
in remembering the prescriptions, and high costs).
[16–18]. In patients with psychiatric disorders, non-
adherence to recommended psychopharmacological med-
ication can be expected in up to 50% of long-term pre-
scriptions and thus remains a significant challenge [19].
Adherence to recommended supplementation after bar-
iatric surgery might be reduced due to symptoms of
psychiatric disorders (e.g., reduced motivation, reduced
self-care, cognitive impairment, eating disorders, or sub-
stance use disorders).

We therefore hypothesized that the presence of a psychiat-
ric disorder indicated by psychopharmacologic therapy
among patients after bariatric surgery might be associated
with poorer adherence to recommended vitamin supplemen-
tation and therefore leading to more frequent vitamin deficien-
cies compared with controls. Furthermore, mental disorders
indicated by the usage of antidepressants and antipsychotics
during postoperative follow-up might influence the postoper-
ative benefits of bariatric surgery and/or patient safety.
Therefore, the aim of this retrospective analysis was to evalu-
ate the impact of psychopharmacological medication intake
on the postoperative follow-up with respect to vitamin levels.

Methods

Records of all patients who gave their informed consent to
data collection in routine care at the obesity outpatients’
clinics of the Medical University of Vienna, Department of
Medicine III, Division of Endocrinology and Metabolism,
from January 2015 to September 2019 were analyzed. The
study protocol was approved by the ethics committee of the
Medical University of Vienna. Structured postoperative care
included a standardized comprehensive set of laboratory anal-
yses and medication history. The main hypothesis, definition
of groups, and main outcome variables were defined before
data analysis. The inclusion criteria for men and women were
history of bariatric surgery for morbid obesity with a follow-
up period of at least 12 months and full availability of anthro-
pometric data (height, weight, and bodymass index (BMI)) as
well as laboratory parameters, including vitamin A, 25-
hydroxy vitamin D, vitamin B12, vitamin E, and folic acid.
Five hundred twenty-four patients (76% women, 24% men)
met these criteria and were included in the analysis (Fig. 1).
Anthropometric data as well as levels of vitamins, parameters
of glucose and lipid metabolism (HbA1c, triglycerides (TG),
total cholesterol, high-density cholesterol (HDL), liver en-
zymes (GGT, ASAT, ALAT), and concentrations of albumin
and parathyroid hormone (PTH) were analyzed postoperative-
ly at every follow-up visit at the obesity outpatients’ clinic.
Conditions of vitamin deficiencies were defined according to
assay specific reference values (see Table 1 and www.kimcl.
at): hypovitaminosis D was defined as 25-hydroxy vitamin D
levels below 75 nmol/l; hypovitaminosis B12 was as vitamin
B12 levels below 145 pmol/l; hypovitaminosis A was defined
as vitamin A levels below 1.05 μmol/l; hypovitaminosis E
was defined as vitamin E levels below 12 μmol/l; deficiency
in folic acid was defined as levels of folic acid below 9.
53 nmol/l. Patients were grouped according to the prescription
of psychopharmacological medication (antidepressants,
antipsychotics, tranquilizers, benzodiazepines, Z-drugs,
stimulants, mood stabilizers) documented over all available
follow-up visits at the outpatient’s clinic in PD vs CON.
Additionally, documented recommended vitamin and mineral
supplementation was analyzed and coded into different
groups: standard multivitamins (e.g., Supradyn®,
Centrum®…), special multivitamins for post-bariatric surgery
purpose (e.g., Bariatric Advantage®, Fit for Me®…), extra
vitamin A supplement, extra vitamin D supplement, extra cal-
cium supplement, extra iron supplement, and extra vitamin
B12 supplement. All laboratory parameters were assessed by
using routine laboratory methods (www.kimcl.at).
Exploratory statistical analysis was performed using SPSS
(IBM, version 26) and Microsoft Excel (Microsoft, 2019).
Normal distribution was checked by data visualization.
Student’s t tests and chi-square tests were used to compare
data between the different groups. For not normally
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distributed data, Mann-WhitneyU tests were performed. Data
was analyzed using exploratory statistical analysis. Data is
given as means ± standard deviation. Statistical significance
level was set at p < 0.05.

Results

Of 1537 patients recorded in the database, 524 patients (76%
women, 24% men) met all criteria including a minimum
follow-up period of 12 months postoperatively.

Postoperative follow-up visits that occurred during the ob-
servation period between January 2015 and September 2019
were analyzed. The mean follow-up time at the first docu-
mented visit was 39.5 ± 37.3 months. Four hundred nineteen
patients (80%) had at least one additional follow-up visit dur-
ing the observation period. Mean frequency of follow-up
visits of this cohort was 4.35 ± 2.8 visits. Frequencies of dif-
ferent surgical procedures were comparable between the
groups (Table 1).

Psychopharmacological medication in documented medi-
cation histories was evident in 132 of 524 patients (25%; 80%
women, 20% men) at a minimum of one follow-up during the
observation period. Antidepressants were the most common
drugs used (102 patients, 20%; 80% women, 20% men).
Antipsychotic-therapy was present in 26 patients (5%; 77%
women, 23% men) and 80 patients were taking other psycho-
pharmacological drugs (15%; 80% women, 20% men). Fifty-
nine patients (11%) were taking more than one psychophar-
macological drug (81% women, 19% men).

At the first visit during the observation period, all 524
patients were found with documented recommendation for
intake of mineral/vitamin supplements. Types of supplements
as well as frequency of supplementation were not significantly
different between CON and PD. Comparing last available
follow-up visits for each patient, prescription of supplements
was still comparable between CON and PD (Table 1).

At the first follow-up visit during the observation period,
no differences between CON and PD regarding BMI, body
weight, and change in body mass index were evident.
However, age, triglycerides, HbA1c, and creatinine were sig-
nificantly higher in PD.With respect to vitamin status, vitamin
A and vitamin D were significantly higher in PD compared
with CON (vitamin A (μmol/l): CON, 1.37 ± 0.36; PD, 1.47
± 0.54, p = 0.039; vitamin D (nmol/l): CON, 61.4 ± 23.5; PD,
66.7 ± 28.7, p = 0.034).

The frequency of follow-up visits during the observation
period and the body-mass index and the change in body mass
index were well comparable with no differences between PD
and CON at the last follow-up during the observation period.
Nevertheless, patients’ age, creatinine, triglycerides, and
HbA1c were still slightly higher in PD at last follow-up during
observation period. However, serum concentrations of all

vitamins did not show significant differences at the last fol-
low-up. Data are given in detail in Table 1.

Vitamin A deficiency was documented throughout all
visits during the observation period in 8% in CON and 9%
in PD (Fig. 2). The frequency of at least one visit with vitamin
A deficiency was not significantly different between the
groups (CON, 25%; PD, 24%, p = 0.852). In 94% CON and
99% PD, levels of vitamin B12 were sufficient at all individual
measurements during the observation period (Fig. 2).
Prevalence of vitamin B12 deficiency, at a minimum of one
follow-up during observation period, was significantly differ-
ent between the groups (p = 0.023), being more prevalent in
CON (6%) compared with PD (1%). Vitamin D deficiency
was quite commonwith 53% in both groups at each individual
visit during observation period (Fig. 2). Frequency of at least
one visit with vitamin D deficiency was not significantly dif-
ferent between the groups (CON, 81%; PD, 83%, p = 0.622).
Levels of vitamin E were sufficient at each individual visit
during follow-up period in 98% in both groups (Fig. 2).

Fig. 1 Flowchart of the enrollment process; CON, control group; PD,
intake of psychopharmacological drugs (documented at least at one visit)
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Table 1 Anthropometric data and laboratory parameters in all included patients at first visit and last postoperative follow-up visit during the
observation period January 2015 to September 2019

First visit Last visit

CON PD CON PD

n 392 132 307 112

Sex (female/male) 292/100 106/26 226/81 91/21

Follow-up visits - - 4.3 ± 2.7 4.6 ± 3.1

Follow-up since surgery (months) 39.7 ± 38.6 38.8 ± 33.6 56.1 ± 36.4 60.9 ± 38.0

Age (years) 45.2 ± 12.6 49.8 ± 11.0# 47.2 ± 12.7 51.9 ± 11.0#

Body weight (kg) 84.1 ± 18.3 84.0 ± 20.3 84.7 ± 17.3 83.6 ± 20.8

BMI (kg/m2) 29.6 ± 5.6 29.8 ± 6.2 29.9 ± 5.2 30.0 ± 6.3

BMI before OP 45.9 ± 7.1 45.4 ± 7.7 45.6 ± 6.8 44.6 ± 7.4

Change in BMI − 16.3 ± 6.1 − 15.6 ± 7.2 − 15.7 ± 6.0 − 14.6 ± 6.9
Gastric bypass (n; %) 147; 38% 58; 44% 123; 40% 52; 46%

One-anastomosis gastric bypass (n; %) 192; 49% 54; 41% 152; 50% 48; 43%

Sleeve gastrectomy (n; %) 39; 10% 14; 11% 24; 8% 11; 10%

Other procedures (n; %) 14; 3% 6; 4% 8; 2% 1; 1%

Antidepressants (n; %) - 102; 77% - 86; 77%

Antipsychotics (n; %) - 26; 20% - 21; 19%

Other psychotropic drugs (n; %) - 80; 60% - 70; 63%

Prescribed Supplements 100% 100% 100% 100%

Standard multivitamin supplement 50% 50% 52% 53%

Special “bariatric” multivitamin supplement 48% 46% 47% 41%

Extra vitamin D supplement 82% 84% 83% 86%

Extra calcium supplement 61% 64% 64% 62%

Extra vitamin A supplement 7% 11% 6% 10%

Extra iron supplement 30% 33% 31% 35%

Extra vitamin B12 supplement 34% 35% 37% 37%

ASAT (< 50 U/l) 26.5 ± 13.5 26.5 ± 10.4 25.7 ± 10.7 25.6 ± 11.1

ALAT (< 50 U/l) 30.4 ± 19.5 30.2 ± 16.7 28.8 ± 15.3 28.9 ± 14.7

GGT (< 60 U/l) 22.1 ± 30.1 26.7 ± 34.1 19.3 ± 21.9 23.5 ± 21.7

Albumin (35–52 g/l) 42.8 ± 3.2 42.1 ± 3.1# 43.2 ± 3.3 43.1 ± 3.2

Creatinine (0.5–1.2 mg/dl) 0.7 ± 0.2 0.8 ± 0.4# 0.7 ± 0.3 0.8 ± 0.4#

TG (< 150 mg/dl) 85.5 ± 37.2 98.9 ± 49.2# 88.0 ± 40.8 99.2 ± 54.3#

Total cholesterol (< 200 mg/dl) 161.1 ± 30.8 166.0 ± 37.1 164.8 ± 29.6 167.1 ± 32.9

HDL-cholesterol (> 55 mg/dl) 60.3 ± 13.8 59.0 ± 16.7 62.9 ± 15.3 60.2 ± 15.2

HbA1c (4–6%) 5.3 ± 0.7 5.5 ± 0.9# 5.3 ± 0.6 5.6 ± 1.0#

PTH (15–65 pg/ml) 54.5 ± 29.5 64.2 ± 59.8 57.7 ± 31.9 63.7 ± 41.4

25-OH-VitD3 (75–250 nmol/l) 61.4 ± 23.5 66.7 ± 28.7# 66.4 ± 26.7 68.0 ± 26.2

Vitamin A (1.05–2.45 μmol/l) 1.37 ± 0.36 1.47 ± 0.54# 1.44 ± 0.40 1.53 ± 0.55

Vitamin E (12–42 μmol/l) 24.0 ± 5.2 24.7 ± 6.7 24.3 ± 5.8 24.5 ± 6.5

Vitamin B12 (145–569 pmol/l) 411.3 ± 246.0 457.9 ± 249.8 474.7 ± 265.8 455.4 ± 241.8

Methylmalonic acid (73–271 nmol/l) 170.7 ± 130.6 211.4 ± 217.1 177.7 ± 146.3 213.2 ± 188.8

Folic acid (9.53–44.9 nmol/l) 24.5 ± 12.0 23.9 ± 12.1 25.3 ± 13.1 25.3 ± 13.3

Calcium (2.15–2.50 mmol/l) 2.27 ± 0.11 2.26 ± 0.11 2.28 ± 0.11 2.27 ± 0.10

Ferritin (15–400 μg/l) 71.5 ± 73.6 78.5 ± 72.6 62.0 ± 57.3 75.3 ± 71.7

CON, control group; PD, intake of psychopharmacological drugs (documented at least at one visit)
# p < 0.05 compared with CON
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Prevalence of vitamin E deficiency documented at least at one
follow-up during observation period, was not significantly
different between the groups (CON, 2%; PD, 2%, p =
0.901). Folic acid levels were insufficient at each individual
measurement during observation period in 6% CON and 4%
PD, respectively (Fig. 2). Frequency of at least one visit with
folic acid deficiency was not significantly different between
the groups (CON, 21%; PD, 21%, p = 0.941). Detailed data
are given in Table 2.

In a subgroup analysis, in which only patients with at least
two follow-ups were included, patients taking more than one
psychopharmacological drug (POLY) were compared with
patients with only single psychopharmacological medication
(SINGLE). Fifty-two patients taking at least 2 psychopharma-
cological drugs were classified as POLY, and 60 patients tak-
ing single psychopharmacological medication were classified
as SINGLE. There were no significant differences regarding
the frequency of at least one follow-up with vitamin deficien-
cy between these groups (vitamin A: SINGLE 28%, POLY
19%, p = 0.261; vitamin B12: SINGLE 2%, POLY 0%, p =
0.350; vitamin D: SINGLE 83%, POLY 83%, p = 0.928; vi-
tamin E: SINGLE 3%, POLY 0%, p = 0.184; folic acid:
SINGLE 15%, POLY 27%, p = 0.130). A comparison of
CON and POLY also showed no significant differences

between the groups concerning frequency of at least one
follow-up with vitamin deficiency (vitamin A: CON 25%,
POLY 19%, p = 0.369; vitamin B12: CON 6%, POLY 0%,
p = 0.064; vitamin D: CON 81%, POLY 83%, p = 0.763; vi-
tamin E: CON 2%, POLY 0%, p = 0.307; folic acid: CON
21%, POLY 27%, p = 0.344).

A gender-specific analysis of women, who represent the
majority in our cohort, revealed similar results compared with
the total cohort concerning prevalence of vitamin deficiencies.
Vitamin B12 was the only vitamin with significant differences
between CONWomen and PDWomen (CONWomen 6%, PDWomen

0%; p = 0.015).

Discussion

This analysis reveals (i) that psychiatric disease indicated by
concomitant intake of psychopharmacological medication is
highly prevalent in patients after bariatric surgery and (ii) that
patients on psychopharmacological medication who take part
in a structured postoperative care program are not at an ele-
vated risk for vitamin deficiencies in long-term follow-up after
bariatric surgery. According to the Austrian’s depression re-
port [20], about 10% of the total Austria’s population were

Fig. 2 Prevalence of vitamin
deficiency at a minimum of one
follow-up visit; CON, control
group; PD, intake of psychophar-
macological drugs (documented
at least at one visit); *p < 0.05

Table 2 Percentage of follow-up visits with presence of vitamin deficiency

Percentage of visits below
reference values

Vitamin A
(1.05–2.45 μmol/l)

Vitamin B12

(145–569 pmol/l)
Vitamin D
(75–250 nmol/l)

Vitamin E
(12–42 μmol/l)

Folic acid
(9.53–44.9 nmol/l)

CON PD CON PD CON PD CON PD CON PD

0% 75.1% 75.8% 93.8% 99.1% 19.1% 17.0% 98.0% 98.2% 78.9% 79.3%

25% 4.9% 3.6% 1.7% 0% 3.6% 6.2% 0.4% 0.9% 3.3% 2.7%

50% 8.5% 8.1% 3.6% 0.9% 15.6% 16.0% 0.0% 0.9% 8.7% 9.0%

75% 3.9% 3.6% 0.6% 0% 8.8% 8.1% 0.3% 0% 3.2% 5.4%

100% 7.6% 8.9% 0.3% 0% 52.9% 52.7% 1.3% 0% 5.9% 3.6%

CON, control group; PD, intake of psychopharmacological drugs (documented at least at one visit
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taking antidepressants in 2015. This rate was stable over the
years 2013 to 2015. The prevalence of patients taking antide-
pressants in our cohort is approximately two times higher.
Further, (iii) patients taking psychopharmacological medica-
tion have no adverse long-term outcomes regarding changes
in body-mass-index.

However, subtle increases of TG and HbA1c were ob-
served in patients with psychopharmacological medication,
which could in part be attributed to drug side-effects
or slightly older age. Nevertheless, TG and HbA1c still
were in the normal range in this group. A subgroup
analysis of patients taking one psychopharmacological
drug compared with patients taking multiple psycho-
pharmacological drugs revealed no difference in the
prevalence of vitamin deficiencies.

Vitamin deficiencies are a common phenomenon among
patients with severe obesity with an indication for bariatric
surgery [21]. Life-long vitamin supplementation after bariatric
surgery is crucial for favorable long-term outcomes and for
prevention of adverse effects. Depending on surgical proce-
dure, vitamin deficiencies are a common phenomenon
[22]. Patients with Roux-en-Y gastric bypass are more
likely to suffer from vitamin B12 deficiency compared
with those after sleeve gastrectomy [23]. In our cohort
vitamin B12 deficiency at each individual visit during
observation period was prevalent in only 6% in CON
and 1% in PD. This prevalence is lower compared with
previous observations at other centers. Other studies re-
ported vitamin B12 deficiency in up to 12% of patients
[24]. These divergent results might be partly explained
by different reference values and surgical procedures
performed. The present data is in line with a report by
Javanainen et al. who observed a prevalence of vitamin
B12 deficiency in 1 to 3% of patients 2 years after
bariatric surgery when using a comparable reference
value (138 pmol/l) [25].

Vitamin D deficiency is a common state not only in pa-
tients following bariatric surgery but also in general popula-
tion with highly variable prevalence ranging from 20 to 80%
depending on geographical area [26, 27]. In our cohort 53% of
both groups were deficient in vitamin D at every individual
visit during the observation period. This high percentage
might be explained by the rather high reference value of
75 nmol/l used. Studies with the same reference values of
vitamin D reported about 30% of patients reaching sufficient
vitamin D levels at 2 years follow-up [25]. Another study
using a reference value of 50 nmol/l showed a deficiency rate
of 32 to 52%, depending on surgical method [26]. To address
the ongoing debate of which vitamin D level should be con-
sidered sufficient, we also analyzed the impact of a lower
reference value on frequency of deficiency in our cohort.
Most of the guidelines consider vitamin D levels more than
50 nmol/l as sufficient and levels of lower than 30 nmol/l as

clear deficiency with a state of insufficiency in-between [28].
Nevertheless, a sub-analysis with cut-off values of 30 nmol/l
and 50 nmol/l revealed that the proportion of patients being
insufficient or deficient in vitamin D was not significantly
different between CON and PD.

The measurement of folic acid in serum has been
suggested to be a sensitive marker of compliance re-
garding the regular intake of multivitamin supplements
[29]. In our cohort 6% of CON and 4% of PD present-
ed with folic acid levels below 9.53 nmol/l at each
individual follow-up, which was considered insufficient.
Other studies reported prevalence of folic acid deficien-
cy up to 25%, depending on surgical procedure [30,
31]. Thus, the low percentage of folate deficiency in
our cohort, especially in the PD group, likely indicates
good adherence to recommended daily multivitamin
supplementation.

Vitamin A plays an important role for eye health and defi-
ciencies in vitamin A levelsmay lead to loss night blindness. It
also plays a crucial role in pregnancies after bariatric surgery
[32]. In 8% of CON and 9% of PD, vitamin A deficiency was
observed at every follow-up visit. Other studies reported sim-
ilar rates of vitamin A deficiency of 5–12% after bariatric
surgery depending on follow-up time [33, 34].

Vitamin E deficiency was very uncommon, as 98% in both
groups were within normal reference values of vitamin E at
every measurement during the observation period. Other data
also suggests that vitamin E deficiency is rarely observed in
clinical practice, sincemost supplements contain vitamin E [35].

Aaseth et al. reported that about 52–83% of patients are
taking supplements 5 years after gastric bypass surgery [36].
This finding highlights the importance of adequate counseling
regarding adherence to supplementation after bariatric sur-
gery. Of note, in our analysis we assessed the frequencies of
recommendations and prescriptions for vitamin/mineral sup-
plementation, which did not differ significantly between CON
and PD. Based on the vitamin levels, it can just be assumed
that the adherence to recommended vitamin supplementation
is not impaired in patients with prescribed psychopharmaco-
logical medication. Problems with compliance to scheduled
follow-up visits are known to be associated with different
weight loss after bariatric surgery [37]. Regarding adherence
to follow-up visits in our study, a greater proportion of PD
(112 /132, 85%) had more than one follow-up, compared with
CON (307/392, 78%). This finding was not associated with
significantly different weight loss between these groups.

The major limitation of this study is its retrospective design
with all well-known disadvantages. Moreover, in part due to
data protection rules, we had no access to detailed psychiatric
diagnoses and course of disease. Additionally, there was no
detailed information available when intake of psychopharma-
cological drugs was initiated and stopped. Detailed informa-
tion on preoperative medication was not available; wherefore,
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we cannot define the exact onset of psychiatric disease.
Postoperative prescription of antipsychotics and antidepres-
sants was observed in 5% and 20%, respectively. These rates
are similar to anAustrian-wide registry study including data of
9151 patients who underwent bariatric surgery. The preoper-
ative prescription rate of antidepressants (24%) and antipsy-
chotics (7%) was lower than the postoperative (28% and 9%)
[38]. All bariatric surgery candidates at our department have
to obtain a psychological clearance before surgery to exclude
patients in an unstable condition. Prior studies have noted the
high prevalence of psychiatric comorbidities in bariatric sur-
gery candidates [39]. The prevalence of patients taking psy-
chopharmacological medication in our analysis was 25%,
which is lower than previously reported frequencies from oth-
er studies [40–43]. This might indicate a possible selection
bias which could contribute to the good adherence to supple-
ments in our cohort. Some patients with severe psychiatric
symptoms might be underrepresented in our study population.
There might also be some patients with underlying psychiatric
disorders in the control group, which were not detected due to
missing therapy or due to non-adherence to psychopharmaco-
logical therapy. Non-adherence to psychotropic medication is
reported to be high among patients with psychiatric disorders
[19].

On the other hand, a strength of this study is the sample size
of more than 500 patients and the longmean follow-up time of
approximately 5 years, which therefore offers the opportunity
to investigate a large patients’ collective in a real-world setting
at an obesity outpatients’ clinic. Additionally, the structured
assessment of vitamin levels at each individual follow-up adds
knowledge about the course of frequencies of vitamin defi-
ciencies. The findings of this analysis might be of practical
relevance not only for teams involved in aftertreatment after
bariatric surgery but also for the preoperative decision-making
process in bariatric surgery candidates with psychiatric disor-
ders and/or concomitant psychopharmacological medication.

Taken together, we conclude that patients with psychiatric
disorders who follow the recommended psychopharmacolog-
ical regimen and follow-up visits after bariatric surgery, are
not at higher risk to suffer from vitamin deficiencies compared
with controls.

Funding Information Open access funding provided by Medical
University of Vienna.

Compliance with Ethical Standards

Conflict of Interest The authors declare that they have no conflict of
interest.

Ethical Approval All procedures performed in this study involving hu-
man participants were in accordance with the ethical standards of the
institutional and/or national research committee and with the

1964Helsinki declaration and its later amendments or comparable ethical
standards.

Informed Consent For this type of study formal consent is not required.
However, all patients agreed to data collection for our registry.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, pro-
vide a link to the Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article are included
in the article's Creative Commons licence, unless indicated otherwise in a
credit line to the material. If material is not included in the article's
Creative Commons licence and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Salminen P, Helmio M, Ovaska J, et al. Effect of laparoscopic
sleeve gastrectomy vs laparoscopic Roux-en-Y gastric bypass on
weight loss at 5 years among patients with morbid obesity: the
SLEEVEPASS randomized clinical trial. JAMA United States.
2018;319:241–54.

2. Shoar S, Saber AA. Long-term and midterm outcomes of laparo-
scopic sleeve gastrectomy versus Roux-en-Y gastric bypass: a sys-
tematic review and meta-analysis of comparative studies. Surg
Obes Relat Dis United States. 2017;13:170–80.

3. Adams TD, Davidson LE, Litwin SE, et al. Weight and metabolic
outcomes 12 years after gastric bypass. N Engl JMedUnited States.
2017;377:1143–55.

4. Alabi F, Guilbert L, Villalobos G, et al. Depression before and after
bariatric surgery in low-income patients: the utility of the Beck
depression inventory. Obes Surg United States. 2018;28:3492–8.

5. King WC, Chen J-Y, Courcoulas AP, et al. Alcohol and other
substance use after bariatric surgery: prospective evidence from a
U.S. multicenter cohort study. Surg Obes Relat Dis United States.
2017;13:1392–402.

6. King WC, Chen J-Y, Mitchell JE, et al. Prevalence of alcohol use
disorders before and after bariatric surgery. JAMA United States.
2012;307:2516–25.

7. Castaneda D, Popov VB, Wander P, et al. Risk of suicide and self-
harm is increased after bariatric surgery-a systematic review and
meta-analysis. Obes Surg United States. 2019;29:322–33.

8. Muller A, Hase C, Pommnitz M, et al. Depression and suicide after
bariatric surgery. Curr Psychiatry Rep United States. 2019;21:84.

9. Yuan W, Yu K-H, Palmer N, et al. Evaluation of the association of
bariatric surgery with subsequent depression. Int J Obes (Lond)
England. 2019;43:2528–35.

10. Kovacs Z, Valentin JB, Nielsen RE. Risk of psychiatric disorders,
self-harm behaviour and service use associated with bariatric sur-
gery. Acta Psychiatr Scand United States. 2017;135:149–58.

11. Bhatti JA, Nathens AB, Thiruchelvam D, et al. Self-harm emergen-
cies after bariatric surgery: a population-based cohort study. JAMA
Surg United States. 2016;151:226–32.

12. Ostlund MP, Backman O, Marsk R, et al. Increased admission for
alcohol dependence after gastric bypass surgery compared with
restrictive bariatric surgery. JAMA Surg United States. 2013;148:
374–7.

3759OBES SURG (2020) 30:3753–3760

http://creativecommons.org/licenses/by/4.0/


13. Peterhansel C, Petroff D, Klinitzke G, et al. Risk of completed
suicide after bariatric surgery: a systematic review. Obes Rev
England. 2013;14:369–82.

14. Morgan DJR, Ho KM, Platell C. Incidence and determinants of
mental health service use after bariatric surgery. JAMA psychiatry.
United States; 2019;

15. Neovius M, Bruze G, Jacobson P, et al. Risk of suicide and non-
fatal self-harm after bariatric surgery: results from two matched
cohort studies. Lancet Diabetes Endocrinol England. 2018;6:197–
207.

16. Mahawar KK, Clare K, O’Kane M, et al. Patient perspectives on
adherence with micronutrient supplementation after bariatric sur-
gery. Obes Surg United States. 2019;29:1551–6.

17. Schiavo L, Scalera G, Pilone V, et al. Patient adherence in follow-
ing a prescribed diet and micronutrient supplements after laparo-
scopic sleeve gastrectomy: our experience during 1 year of follow-
up. J Hum Nutr Diet England. 2017;30:98–104.

18. Gillon S, Jeanes YM, Andersen JR, et al. Micronutrient status in
morbidly obese patients prior to laparoscopic sleeve gastrectomy
and micronutrient changes 5 years post-surgery. Obes Surg United
States. 2017;27:606–12.

19. Semahegn A, Torpey K, Manu A, et al. Psychotropic medication
non-adherence and its associated factors among patients with major
psychiatric disorders: a systematic review and meta-analysis. Syst
Rev England. 2020;9:17.

20. Nowotny M, Kern D, Breyer E, Bengough T, Griebler R.
Depressionsbericht Österreich. Eine interdisziplinäre und
multiperspektivische Bestandsaufnahme. Vienna; 2019.

21. Krzizek E-C, Brix JM, Herz CT, et al. Prevalence of micronutrient
deficiency in patients with morbid obesity before bariatric surgery.
Obes Surg United States. 2018;28:643–8.

22. Becker DA, Balcer LJ, Galetta SL. The neurological complications
of nutritional deficiency following bariatric surgery. J Obes United
States. 2012;2012:608534.

23. Alexandrou A, Armeni E, Kouskouni E, et al. Cross-sectional long-
term micronutrient deficiencies after sleeve gastrectomy versus
Roux-en-Y gastric bypass: a pilot study. Surg Obes Relat Dis
United States. 2014;10:262–8.

24. Ben-Porat T, Elazary R, Goldenshluger A, et al. Nutritional defi-
ciencies four years after laparoscopic sleeve gastrectomy-are sup-
plements required for a lifetime? Surg Obes Relat Dis United States.
2017;13:1138–44.

25. Javanainen M, Pekkarinen T, Mustonen H, Scheinin T, Leivonen
M. Two-year nutrition data in terms of vitamin D, vitamin B12, and
albumin after bariatric surgery and long-term fracture data com-
pared with conservatively treated obese patients: a retrospective
cohort study. Obes Surg. United States; 2018;

26. Gehrer S, Kern B, Peters T, et al. Fewer nutrient deficiencies after
laparoscopic sleeve gastrectomy (LSG) than after laparoscopic
Roux-Y-gastric bypass (LRYGB)-a prospective study. Obes Surg
United States. 2010;20:447–53.

27. Lips P, Cashman KD, Lamberg-Allardt C, et al. Current vitamin D
status in European and Middle East countries and strategies to pre-
vent vitamin D deficiency: a position statement of the European
Calcified Tissue Society. Eur J Endocrinol England. 2019;180:
P23–54.

28. Giustina A, Adler RA, Binkley N, et al. Controversies in vitamin D:
summary statement from an international conference. J Clin
Endocrinol Metab United States. 2019:234–40.

29. MalloryM. Folate status following gastric bypass surgery (the great
folate mystery). Obes Surg United States. 1991;1:69–72.

30. Jedamzik J, Eilenberg M, Felsenreich DM, et al. Impact of limb
length on nutritional status in one-anastomosis gastric bypass: 3-
year results. Surg Obes Relat Dis United States. 2019;

31. Antoniewicz A, Kalinowski P, Kotulecka KJ, et al. Nutritional de-
ficiencies in patients after Roux-en-Y gastric bypass and sleeve
gastrectomy during 12-month follow-up. Obes Surg United
States. 2019;29:3277–84.

32. Chagas CB, Saunders C, Pereira S, et al. Vitamin a deficiency in
pregnancy: perspectives after bariatric surgery. Obes Surg United
States. 2013;23:249–54.

33. Johnson LM, Ikramuddin S, Leslie DB, et al. Analysis of vitamin
levels and deficiencies in bariatric surgery patients: a single-
institutional analysis. Surg Obes Relat Dis United States. 2019;15:
1146–52.

34. Jalilvand A, Blaszczak A, Needleman B, et al. Vitamin a deficiency
in patients undergoing sleeve gastrectomy and gastric bypass: a 2-
year, single-center review. J Laparoendosc Adv Surg Tech A
United States. 2020;30:20–30.

35. Bloomberg RD, Fleishman A, Nalle JE, et al. Nutritional deficien-
cies following bariatric surgery: what have we learned? Obes Surg
United States. 2005;15:145–54.

36. Aaseth E, Fagerland MW, Aas AM, et al. Vitamin concentrations 5
years after gastric bypass. Eur J Clin Nutr. 2015;69:1249–55.

37. Pontiroli AE, Fossati A, Vedani P, et al. Post-surgery adherence to
scheduled visits and compliance, more than personality disorders,
predict outcome of bariatric restrictive surgery in morbidly obese
patients. Obes Surg United States. 2007;17:1492–7.

38. Beiglböck Hannes, Wolf Peter, Kautzky-Willer Alexandra, Itariu
Bianca, Prager Gerhard, Reichardt Berthold, Stamm Tanja, Krebs
Michael. Evaluation of health status after bariatric surgery - a pop-
ulation based, retrospective analysis. 63th Congr Ger Soc
Endocrinol. Gießen, Germany

39. Duarte-Guerra LS, Coelho BM, Santo MA, et al. Psychiatric disor-
ders among obese patients seeking bariatric surgery: results of struc-
tured clinical interviews. Obes Surg United States. 2015;25:830–7.

40. HawkinsM, Leung SE, Lee A, et al. Psychiatric medication use and
weight outcomes one year after bariatric surgery. Psychosomatics
England. 2020;61:56–63.

41. Hensel J, Selvadurai M, Anvari M, et al. Mental illness and psy-
chotropic medication use among people assessed for bariatric sur-
gery in Ontario, Canada. Obes Surg United States. 2016;26:1531–
6.

42. Mitchell JE, KingWC, Chen J-Y, et al. Course of depressive symp-
toms and treatment in the longitudinal assessment of bariatric sur-
gery (LABS-2) study. Obesity (Silver Spring) United States.
2014;22:1799–806.

43. Cunningham JL, Merrell CC, Sarr M, et al. Investigation of antide-
pressant medication usage after bariatric surgery. Obes Surg United
States. 2012;22:530–5.

Publisher’s Note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

3760 OBES SURG (2020) 30:3753–3760


	Psychopharmacological Medication Has No Influence on Vitamin Status After Bariatric Surgery in Long-term Follow-up
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Background
	Methods
	Results
	Discussion
	References


