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Abstract
Purpose Adherence to vitamin supplementation recommendations after bariatric surgery is generally poor, which is associated
with nutritional deficiencies. Patients’ own perspectives and reasons for poor adherence to vitamin supplementation recommen-
dations have not yet been studied in depth. The purpose of this study was first to measure the accuracy of self-reported adherence
to supplementation recommendations by using objective measures of vitamin D levels in blood and thereafter to explore
perceptions of barriers and facilitators to participants’ adherence to supplementation recommendations.
Material and Method Participants were recruited from a prospective study investigating the outcome of bariatric surgery in
adolescents with severe obesity. Mixed methods were used, including a quantitative part where vitamin D levels were analysed
through 25(OH)D levels in blood and/or a questionnaire on adherence to supplementation programmes 5 years after surgery (n =
40) plus a qualitative part with semi-structured interviews (n = 20).
Results We found a convergence between self-reported adherence to vitamin supplementation and vitamin D 25(OH)D levels in
blood indicating honestly in self-reported responses. The qualitative evaluations resulted in the categories awareness and personal
capability and external factors. In the analysis, an overall theme emerged; capacity is crucial for adherence in youth who have
undergone bariatric surgery.
Conclusion Bariatric surgery is a comprehensive procedure that requires lifelong treatment afterwards. There is coherence
between what adolescents actually do and what they say they do. Capacity is crucial for adherence and social support has been
shown to be important.
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Introduction

Bariatric surgery has been shown to be effective for long-
term weight loss and as a treatment for obesity-related
comorbidities, but it is associated with various micronutri-
ent deficiencies [1]. Hypovitaminosis D is one of the most
common deficiencies experienced after bariatric surgery,
and the deficiency is multifactorial, with some factors re-
lated to obesity and others to nutrient malabsorption [2].
Little is known about nutritional deficiencies in adoles-
cents, but nutritional risks have previously been described
as higher among adolescents undergoing bariatric surgery
than among adults. These differences may be explained by
adults having better adherence to post-surgery supplemen-
tation [3–5]. Supplements are routinely recommended to
minimize the possible risk of nutritional deficiencies [6],
and daily supplementation of multivitamins including
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calcium and vitamin D is believed to be a long-term re-
quirement for post-bariatric surgery [7]. However, there is
some disagreement about supplementation due to the
high variability in the response to vitamin D supplemen-
tation in patients who have undergone bariatric surgery.
This may be explained by individual body fat levels and
degrees of malabsorption [2].

Behaviour that dictates adherence to medication recom-
mendations is complex, and since the 2003 World Health
Organization’s report on adherence, little has improved with
adherence levels, which are estimated to be 50% [8].

Barriers for adherence to supplementation recommenda-
tions after bariatric surgery have been reported before, and
“difficult to remember” and “trouble taking all the tablets”
were identified as two important barriers [9]. Some re-
searchers have compared adherence with vitamin supplements
in adolescent and adult bariatric populations [10, 11], and
rates of vitamin adherence have been as low as 30% 6-
month post-surgery in adolescents [10]. In adults, self-
reported non-adherence was associated with lower vitamin
levels [11]. In a recently published study, 38% of adolescents
had low levels of vitamin D compared with 24% of adults,
with the difference being explained by the younger patients’
lack of adherence to vitamin supplementation recommenda-
tions after surgery [4].

It has been suggested that adolescents adhere better to rec-
ommendations that have immediate consequences if they are
not followed than those that have less obvious benefits or that
are intrusive to their lifestyle [12]. However, rates of adher-
ence in adolescents vary widely, and a lack of consistency in
measurements may contribute to this variation [13]. Non-
adherence to recommendations after bariatric surgery has been
linked with poorer outcomes, and adherence may be a key to a
successful outcome [14]. Preoperative predictors of adherence
to dietary and physical activity recommendations have been
studied, and this research has highlighted the importance of
preoperative psychosocial preparatory work [15].

The long-term risks of bariatric surgery are not well iden-
tified, especially the skeletal risk where vitamin D deficiency
may play a part in increased bone mineral density loss after
bariatric surgery [16], and a detailed understanding of the
long-term nutritional effects of the surgery in this age group
is limited. Therefore, it is of clinical importance to acquire
coherent knowledge on whether adolescents do what they
say they do and barriers and facilitators to following pre-
scribed recommendations, in order to be able to provide sup-
port to these individuals.

The purpose of this study was first to measure the
accuracy of self-reported adherence to supplementation
recommendations by using objective measures of vita-
min D levels in blood and thereafter to explore percep-
tions on barriers and facilitators to adherence to supple-
mentation recommendations.

Material and Methods

In this study, mixed methods have been used consisting of a
quantitative descriptive section and results from a qualitative
inductive interview study that includes participants from the
Adolescents Morbid Obesity Surgery (AMOS) study. A de-
scription of this study, including 2- and 5-year follow-up re-
sults on weight, metabolic risk markers, and quality of life
indicators, have been previously reported [17].

Participants and Setting

Participants were recruited from the Adolescent Morbid
Obesity Surgery (AMOS) study, a prospective Swedish non-
randomized multicentre study investigating the outcome of
bariatric surgery in adolescents with severe obesity. All pa-
tients had surgery at the same centre (Gothenburg, Sweden)
and were treated according to the same procedures before and
after surgery [17]. For the quantitative study, all 42 AMOS
participants based in the greater Stockholm area are included
(Fig. 1). They were all asked to participate in the interview
study, and 20 (49%) accepted, 4 (10%) declined, 17 (41%) did
not answer, and one had passed away due to causes unrelated
to the surgery.

According to international guidelines [18], the adolescents
were prescribed daily multivitamin and mineral supplements
after surgery, including 200 μg folic acid, vitamin B12 (co-
balamin 1mg/day), and calcium carbonate and vitamin D (1 g/
800 IU per day) combination tablets. Every year during their
regular follow-up visits, blood samples were taken for the
analysis of metabolic parameters, minerals, and vitamins.
Vitamin D status was measured as 25-hydroxyvitamin D
(25(OH)D). The cost of the prescribed supplements is estimat-
ed to be 120 Euros annually.

Fig. 1 Flowchart of included participants

4912 OBES SURG (2020) 30:4911–4918



The study was approved by the ethical board in Västra
Götaland, Sweden (523-04), and informed consent was ob-
tained from all participants.

Data Collection

Quantitative Data

For the descriptive study, all AMOS patients from the
Stockholm area with a laboratory analysis of 25(OH)D 5 years
after surgery and/or who answered a question about adherence
to supplementation were included (n = 40). The question
asked was “Do you take your prescribed vitamin supplemen-
tation?”, which was created specifically for the study based on
clinical experience. Demographic data including body mass
index standard deviation score (BMI SDS) [19], weight
loss/regain, vitamin D status including 25(OH)D levels in
blood, and self-reported assessments of adherence were
collected.

Qualitative Data

Based on the identified knowledge gap and clinical experi-
ence, two of the authors (KN and KE) created open-ended
qualitative questions to be used in the interviews. Each ques-
tion was followed up by probing questions with the aim of this
leading to a dialogue [20, 21]. The follow-up questions were
adapted for young adults; some of whom may still depend on
caregivers. The interviews were carried out 5.75 to 9.75 years
after participants had undergone bariatric surgery. One of the
authors (KN), who is a registered nurse with extensive clinical
experience of conversations with adolescents, conducted the
interviews. The questions this analysis is based on were as
follows: Can you describe how you followed the advice on
how to eat after surgery? Can you describe how you followed
your prescribed treatment regarding vitamin supplements? Do
you have any suggestions for action that could improve ad-
herence to dietary advice and the intake of vitamins?

Participants were given the opportunity to choose a conve-
nient time for their interview. All interviews were conducted
over the telephone and lasted for 30–60 min. All interviews
were audio recorded and thereafter transcribed verbatim by
one of the authors (KN).

Data Analysis

Quantitative Data

Two different measurements of adherence to prescribed treat-
ment were used.

1. Direct method: 25(OH)D levels in blood at least 5 years
after surgery. The definition given by the US Institute of

Medicine (IOM) was used for classifying the following
vitamin D status groups [22]: adequate, 25(OH) levels >
50 nmol/l; insufficient, 25(OH) levels 30–50 nmol/l; and
deficient, 25(OH) levels < 30 nmol/l.

2. Indirect method: all adolescents were asked if they ad-
hered to prescribed treatment 5 years after surgery and
were given three alternatives (yes/no/sometimes). For
classifying the indirect method of adherence, yes was
classified as good adherence, sometimes as poor adher-
ence, and no as very poor adherence.

Qualitative Data

Qualitative content analysis inspired by Krippendorff was
used to analyse the data [23]. The interview recordings were
listened to and re-read several times. Based on the purpose of
the study, units of meaning were identified and then con-
densed and labelled with codes by all the authors.
Thereafter, the codes were discussed in the research group.
Different codes were compared and divided into subcategories
based on similarities and differences. The analysis was based
on a manifest interpretation of the text. At the end of the
analysis, a latent interpretation of the content could be made
and an overall theme emerged [24].

Statistics

Descriptive statistics were expressed as mean, min-max, num-
ber, and percentage. Frequencies were presented in cases and
percentages. Fisher’s exact test was used to test the degree of
association between categorical variables. We compared pro-
portions by means of chi-square tests when expected values
for any cells of contingency tables were five or higher, and we
used Fisher’s exact test if otherwise. All tests were two-sided,
and p values of < 0.05 were regarded as significant. Statistical
analyses were performed using SPSS Statistics version 22
(IBM, Armonk, NY, USA, http://www.ibm.com).

Results

Quantitative

A total of 40 adolescents (31 females, 9 males), aged 14.9 to
18.3 years when they underwent bariatric surgery, were in-
cluded in the analysis.

When adherence to vitamin D supplementation recommen-
dations was measured using 25(OH)D levels, adequate vita-
min D levels were found in 17 (43%) of the adolescents,
twelve (30%) had insufficient vitamin D levels, and 11
(28%) had deficient vitamin D levels. When adherence was
measured using the indirect method, 18 (46%) of the
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adolescents reported good adherence, 10 (28%) reported poor
adherence, and 11 (26%) reported very poor adherence.

We found a significant association between self-reported
adherence to vitamin D and vitamin D levels in blood (p =
0.02). In summary, the rates of agreement are found to be 15%
false positive and 10% false negative (Table 1).

In line with our results above, significantly higher
25(OH)D levels were found in the self-reported group answer-
ing “Yes I am taking the supplements” than in the groups
answering “no” or “sometimes” (p = 0.008), while no differ-
ences were found when comparing weight regain/loss (data
not shown).

Qualitative Evaluation

The qualitative evaluation of barriers and facilitators for the
adherence to prescribed supplementation in young adults who
have undergone bariatric surgery resulted in two categories:
awareness and personal capability and external factors. In the
analysis, an overall theme emerged; capacity is crucial
for adherence in youth who have undergone bariatric
surgery (Fig. 2).

Awareness and Personal Capability

Personality and Maturity Personality had a significant role in
adherence to supplementation programmes. Some of the par-
ticipants described that people with a personality that goes
“all-in” for things decide to undergo surgery and thereby com-
mit to taking supplements for the rest of their lives. An aware-
ness of the importance of maturity was described, and taking
more responsibility for self-management is a part of becoming
an adult. It was described as being easier to follow dietary
recommendations and vitamin supplementation advice when
they were older. Some highlighted that it takes time for rou-
tines to be established. One participant described the impor-
tance of assessing maturity and readiness to change before
bariatric surgery is performed, since this is more important
than age.

“It depends on how mature you are as a person … I’m
not saying that children shouldn’t get surgery, but I

think that personality type and how you are as a person
is important.”

Participants described various creative strategies they had de-
veloped to help them remember to take the supplements. It
seems important to make it a routine in everyday life. Success
factors include taking them at the same time each day and
keeping them where they are visible. Furthermore, setting an
alarm on a phone helped participants to remember to take them.

“I have the routine of taking them in the morning when I
wake up… I have them in a pill-organizer and I have the
pill-organizer visible, so I remember.”

Some participants openly admitted not taking the prescribed
supplements, but they could not give any specific reasons
why. They described themselves as sloppy because they for-
got, but they stated that it was their own responsibility. Some
adhered to the prescribed supplementation programme for pe-
riods of time, but after a while, their adherence faded. This
was connected to difficulties in establishing long-term daily
routines for self-management. One participant had even given
up trying to remember to take the supplements. Several par-
ticipants described lacking daily routines for taking the
supplements.

“... I did well the first year but since then I have been
sloppy; I take them for a period and then I forget about
them again. Then I think I should take them again and
then I do for a period and then I forget again.”

Similar patterns were present for sampling, where par-
ticipants described that they were aware that they were
supposed to control their vitamin levels, but they could
not explain the reasons behind their lack of adherence.

The follow-up default for those who moved to anoth-
er town was that they did not take responsibility for
establishing contact with a new healthcare provider.
This resulted in no follow-up visits being conducted,
and no supplements being prescribed. Some waited until
they experienced malaise or tiredness before contacting
their healthcare provider.

“I have moved and started studying and haven’t had
time to book an appointment with a doctor, it is a new
healthcare center and so on.”

Table 1 Association between self-reported (SR) adherence to vitamin
D and 25(OH)D levels in blood

25(OH)D levels SR good SR poor SR very poor

Adequate 30% 7.5% 5%

Insufficient 7.5% 5% 5%

Deficient 7.5% 15% 17.5%

SR self-reported

Fig. 2 Description of the overarching theme, categories, and
subcategories
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Knowledge and Understanding

There seemed to be a certain amount of ignorance among
participants regarding the importance of supplementation;
they were not aware of any significant difference in their
wellbeing when taking the supplements. The participants
expressed some aversion―a distrust regarding supplementa-
tion and whether it had any effect. Some claimed that vitamins
were unnecessary―changing eating habits and eating a lot of
vegetables were perceived as a better approach because it was
more natural than taking supplements. However, participants
described discussing vitamin deficiency during medical visits.
They suggested that regular reminders about the consequences
of not taking supplements could be good for adherence.

“... you benefit from the vitamins, because you get a
more balanced diet and get nutrients in the right way.”

One participant described the importance of information being
provided in a gender- and age-appropriate manner. Some
pointed out that frank information about the physical conse-
quences that could be suffered if supplements are not taken
would be beneficial.

“... to girls, you can say that if you don’t take the sup-
plements it is very possible that you will get very weak
nails and for some reason, nails are very important to
girls… Or you will lose your hair and get much thinner
hair.”

External Factors

Physical and Financial Factors Several underlying causes are
described as reasons behind insufficient adherence. One of the
most prominent reasons was experiencing difficulties in
swallowing tablets, which are described as large and many
in number. In addition, they should be administered at differ-
ent times, which made it difficult and sometimes resulted in
the tablets being forgotten.

“... there’s a lot of them, several times a day – it’s diffi-
cult to combine them when there are so many.”

“It’s really important, they’ve always said that, but it’s
hard to "get them down" and to remember them.”

Iron is one of the supplements described by the participants as
causing gastrointestinal side effects. These were experienced
as very troublesome and often led to them being skipped.

Another factor that emerged as important was personal
finances. The cost of supplements and visits to healthcare

providers were seen as expensive and experienced as time
consuming.

“I have avoided buying them because they are so terri-
bly expensive.”

Social Influences

Several participants described how relatives have affected
their adherence to supplementation recommendations. It could
be a grandmother who got angry if prescribed supplements
were not taken, a reminder from a partner, or support from
parents or siblings. Those who had relatives who had also
undergone bariatric surgery found this helpful.

” ... and then because mum and my sister have done the
same surgery and take almost the same tablets, it has
also helped. You think that they take them so maybe
you should too…”

One participant described how a pregnancy made her realize
the importance of following prescribed recommendations.

“Before, during, and after my pregnancy it has been
easier because I have someone else to think about.
Now I think I need them even more because I am
breastfeeding.”

Discussion

Our study was based on two different methods to describe
adherence to supplementation recommendations after bariatric
surgery to determine the convergence between self-reported
adherence and vitamin D status and explore the reasons be-
hind insufficient adherence.

The results in our study show convergence of self-reported
adherence and levels of vitamin D. Two categories emerged in
the analysis: awareness and personal capability and external
factors. It was clear that it was crucial if you had insight into
why the supplements were prescribed and for what reason.
Most of the participants stated that they did not take their
supplements because the tablets were large and there were
so many. A clear facilitator was whether there were people
or social circumstances that motivated them.

Some previous studies have reported blood levels of vita-
min D as a proxy for adherence but did not report the relation-
ship between blood analyses and self-reported adherence [13].
Our results indicate that self-reported adherence is concordant
with blood analysis, indicating that the participants who stated
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that they followed the supplement recommendations an-
swered truthfully.

Some studies have shown that self-reported adherence can
be a predictor of clinical outcomes in patients with other di-
agnoses [25], while other studies have reported no correlation
between self-reported adherence and objective measurements
of adherence [10]. However, a high proportion of participants
in our study, approximately 50%, were non-adherent patients,
which is in line with a previous observational and intervention
study, especially in adolescents as younger age groups are
linked to lower adherence levels [7]. A previous study of
adults reported adherence to vitamin D supplementation to
be good just after surgery (90%) with regular follow-ups and
nutritional advice, but this rate dropped to approximately 50%
1 year after surgery [26].

Our qualitative evaluation resulted in an overarching theme
to describe facilitators and barriers: Capacity is crucial for
adherence in youth who have undergone bariatric surgery.

Self-efficacy and social power have been described as cen-
tral to adherence [27]; therefore, in order to understand our
results, we have used a framework based on this concept [28,
29]. Self-efficacy is described as one’s feelings and thoughts
about one’s capability [28]. Power in healthcare may be de-
scribed as “the capacity to participate knowingly in change”
and consists of four inseparable dimensions―awareness,
choices, freedom to act intentionally, and involvement in cre-
ating change [29, p 48–49]. In this context, social power,
including referent power, may be relevant, which is a person
with the ability to be a frame of reference, for example, a
parent or partner [27].

Maturity and personality are highlighted as prominent fac-
tors in remembering to follow prescribed supplementation.
Maturity is a factor that has been shown to influence
decision-making in adolescents with type 1 diabetes [30].
Crucial factors in being able to make decision-making in a
medical context are communicating a choice, understanding,
reasoning, and appreciation. In favourable environmental cir-
cumstances, this may be possible at the onset of adolescence;
however, the reward system of the brain develops early, and
the development of the control system occurs late, which re-
duces the capacity for decision competence for adolescents in
specific situations [31]. From this, it can be concluded that
even adolescents with high capacity need support in their
decision-making, which emerges as favourable in the re-
sults. Several of those who described that they have strat-
egies for their supplementation emphasized the importance
of relatives or other important people supporting and
reminding them. This is in line with earlier findings that
have shown that support from parents and partners can
have a positive effect on adherence [32]. Enhanced adher-
ence ought to be achieved if parental and partner involve-
ment (referent power [27]) is included in care to strengthen
external motivation.

A distrust of treatment or healthcare providers is known to
lower adherence [33], which may come from a lack of health
literacy [33, 34] or participants receiving conflicting informa-
tion from different healthcare providers, the media, or the
Internet [35]. Some participants in this study expressed a dis-
trust of the supplements and suggested that it is more effective
and natural to eat a varied diet with a lot of vegetables.
However, this highlights the need for healthcare providers
who have knowledge of this specific group of patients to pro-
vide consistent information [36]. Due to the high prevalence
of non-adherence to supplementation recommendations after
bariatric surgery, healthcare providers should take time to dis-
cuss adherence with a focus on problem-solving and different
predictors for each individual in an effort to improve
adherence.

Our participants described knowledge and understanding
as being of importance to adherence, which is in line with a
recently published review that pointed out the value of pro-
viding clear and consistent information to patients about post-
operative lifestyle behaviours [13]. The long-term effective-
ness of real-time medication monitoring combined with text
message reminders has been shown to improve adherence in
adults with type 2 diabetes [37]; however, several educational
interventions have only shown modest success in improving
adherence to treatment recommendations across chronic dis-
eases [38].

Previous research describes two main barriers for adher-
ence to supplementation recommendations after bariatric sur-
gery: difficulty in swallowing pills and forgetting to take sup-
plements. This is consistent with our results [9, 10]. Taking
supplements at a set time each day, keeping them in a visible
place, using pill organizers, and/or setting an alarm were some
of the factors recommended by participants that helped them
to remember to take their supplements. They described better
adherence if there is a daily routine which is in line with a
recent study [33]. In summary, they are well aware that they
have a choice and can act intentionally.

Cost was mentioned by our participants as a barrier due to
participants having to pay for the supplements themselves.
Thus, an additional approach could be to balance the financial
cost against the cost of nutritional deficiencies and to educate
patients about the risk of not taking supplementation. Thus,
studies have shown that evenwhenmedicine is free or co-pays
are decreased, lowering costs has only a small influence on
improving adherence [39].

Barrett describes power as “the capacity to participate
knowingly in change” (awareness, choices, freedom to act
intentionally, and involvement in creating change) [29, p
48–49], and in our study, most of the participants have an
awareness of that they ought to take their supplementation
and which barriers they are experiencing, as well as facilita-
tors. Our study clearly shows that participants are aware that it
is they themselves who are creating the change.
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This study has several potential limitations including the
quantitative cross-sectional design with a small sample size that
does not permit a casual interpretation of results. The classifica-
tion of the direct methodmeasuring adherencemay be discussed,
but our clinical experiences support the different categories of
adherence. Uncontrolled factors such as reduced bioavailability
related to obesity, impaired absorption after surgery, and preop-
erative deficiencies may have influenced our results.

In the qualitative analysis, the authors have strived to ob-
tain trustworthiness (credibility, confirmability, dependability,
and transferability). The participants and context are described
in as much detail as possible, all authors have been involved in
the analysis, and the analysis process is described in as much
detail as possible. Furthermore, quotations have been used
in the results to strengthen trustworthiness [40]. One
strength of the qualitative part of the study is that all par-
ticipants in the AMOS study from the greater Stockholm
area were asked to participate, which resulted in a 50%
acceptance rate. For the interview study, nearly 50% of
adolescents who had undergone bariatric surgery in the
Stockholm region participated in the interview study,
which strengthens trustworthiness. However, it is a weak-
ness that they primarily come from urban areas, and this
may weaken transferability.

Further studies are needed to understand in more depth the
importance of young adults’ awareness and capacity to partic-
ipate in change. It would be of importance to explore whether
the involvement of important people in their lives would affect
their ability to adhere to recommendations.

Conclusion

Bariatric surgery is a comprehensive procedure that requires
lifelong treatment afterwards. There is coherence between
what adolescents actually do and what they say they do.
Capacity is crucial for adherence, and social support has been
shown to be important.
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