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Abstract

Aims: Bariatric surgery remains an effective treatment for the condition of

obesity. However it predisposes patients to nutritional deficiencies and related

complications. The aim of this study was to identify nutritional abnormalities,

weight loss, adherence to supplements, and presence of gastrointestinal symp-

toms in a cohort of bariatric surgical patients.

Methods: An analysis of the electronic medical records of patients attending a

multidisciplinary private clinic in Sydney, Australia from August 2020 to August

2021 was conducted. Data on anthropometric measures, nutritional indices,

adherence to supplements and gastrointestinal symptoms preoperatively and

then at ≤6 months, 1 and 2 years or more postoperatively were collected.

Results: A total of 231 patients were included in the study. The majority of

patients were female (76.2%), with a sleeve gastrectomy (78.8%). Average pre-

operative BMI was 43.4 ± 7.1 kg/m2. Weight loss ≥2 years postsurgery was

33.5 ± 12.4 kg. The most common abnormalities preoperatively were: C-reac-

tive protein (47.7%), vitamin D (39%), B12 (31%), parathyroid hormone (27.6%)

and ferritin (12.7%). Vitamin B12 (23.2%), parathyroid hormone (23%), vitamin

D (17.7%) and ferritin (15.9%) remained common abnormalities

postoperatively.

Adherence to multivitamins was 90% in the first year following surgery, declin-

ing to 77% at ≥2 years. Gastrointestinal symptoms were predominantly present

in the initial stages following surgery, manifesting thiamin deficiency in 6.5%

of patients.

Conclusions: Despite achieving durable weight loss, nutritional and related

abnormalities remain an ongoing challenge for bariatric surgery. Adherence to

nutrient supplements, gastrointestinal symptoms and related complications

are important considerations in addressing the problem.
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1 | INTRODUCTION

Bariatric surgery remains an effective treatment for the
condition of obesity, with improvements in quality of life,
obesity related co-morbidities and subsequently
mortality.1–4 However, bariatric procedures including
Roux-en-Y gastric bypass, one anastomosis gastric
bypass-mini gastric bypass, sleeve gastrectomy, and lapa-
roscopic adjusted gastric band change the gastrointestinal
system, impacting the ingestion, digestion and absorption
of nutrients and subsequently result in nutritional defi-
ciencies.5,6 Commonly reported nutritional concerns
include vitamins D, B12, B1 (thiamin), folate, iron, ferritin
and hyperparathyroidism.5–8 Furthermore, nutritional
deficiencies have also been documented in patients pre-
senting for obesity surgery, which may be compounded
as a consequence of the surgery.5,6

Patients with good nutritional status preoperatively
may not show any clinical or subclinical deficiencies in
the first few months following surgery. This is predomi-
nantly due to the long half-life and the availability of these
micronutrients in body storage. One such deficiency is
anaemia, which may be related to vitamin B12, folate
and/or iron deficiency and can easily be detected and
treated.9 Other nutritional concerns such as vitamin D,
calcium and hyperparathyroidism, have longer-term and
more complex consequences. These include metabolic
bone disease, which requires a multifaceted approach,
assessment and a specialised treatment.10

In contrast thiamin can become depleted rapidly fol-
lowing surgery.11 Thiamin is an essential coenzyme for
numerous pathways of the nervous system and despite its
availability in major food groups, due to its short half-life
(9–18 days) and low storage levels in the body (30 mg),
levels can become depleted within 20 days of poor dietary
intake.11 Hence its deficiency may occur rapidly and
result in acute, severe and irreversible side effects.12 Fore-
gut symptoms, such as vomiting, lead to dietary and mul-
tivitamin intolerances. Suboptimal preoperative
nutritional status, compounded by these gastrointestinal
symptoms, may increase the risk of thiamin deficiency,9

which can result in different symptoms such as Wet Beri-
beri, Dry Beriberi or Wernicke's encephalopathy.
Wernicke's encephalopathy affects the central nervous
system and if untreated may cause irreversible neurologi-
cal damage, memory loss and coma with a 10–20%
reported mortality rate.12–14 Several case studies follow-
ing all procedures have reported neuropathy, poly-
neuropathy and Wernicke's encephalopathy, related to
the acute postgastric reduction surgery syndrome and thi-
amin deficiency.13,15–18 However, the symptoms of mod-
erate thiamin deficiency are vague and hence may go
undiagnosed for some time.14

The aim of this study was to identify the prevalence
of nutritional abnormalities (vitamins B12, Active B12

(holotranscobalamin), thiamin, folate, vitamin D, intact
parathyroid hormone (iPTH), haemoglobin (Hb), iron
and ferritin, serum albumin, total protein and C-reactive
protein), in a cohort of patients attending a multi-
disciplinary private bariatric clinic in Australia. Weight
loss, adherence to supplementation and the presence of
gastrointestinal symptoms were also considered.

2 | METHODS

The study was approved by the University of Wollongong/
Illawarra Shoalhaven Local Health District Human
Research Ethics Committee (HE:2020/172) and formal
consent was not required. This study was reported
according to the STROBE checklist.19 The study accessed
electronic medical records of patients who attended a mul-
tidisciplinary private clinic in Sydney, Australia from
August 2020 to August 2021. Data included anthropomet-
ric measures, nutritional indices (vitamins B12, Active B12,
thiamin, folate, vitamin D [Serum 25 {OH}], iPTH, iron,
albumin and total protein), adherence to supplements,
and gastrointestinal symptoms. Data on nutritional values
were collected prospectively, preoperatively and then at
≤6 months, 1 and 2 years or more postoperatively.

All patients who attended the clinic during the study
period and completed the blood tests were included in
the study. They had undergone a multidisciplinary
assessment and met the international criteria for bariatric
surgery.5,20 The nutritional counselling and recommen-
dations for the multivitamin and mineral supplements
were provided by the dietitian according to the bariatric
guidelines.6,9,20 The multivitamin and mineral supple-
ments recommended included a comprehensive bariatric-
specific high-dose multivitamin and mineral supplement
aiming to provide 200% of the recommended dietary
intake, calcium and vitamin D (aiming for a total of
1200–1500mg calcium with 800 IU vitamin D). Supple-
ments of iron, vitamins B12, thiamin, folate and addi-
tional vitamin D were recommended to meet the
requirements of individual patients as required.

A Wedderburn scale was used for measuring weight
and body mass index (BMI) (weight [kg]/Height2 [cm]),
weight loss (WL), percentage of total weight loss (%TWL)
(weight loss (kg)/Pre op weight� 100) and percentage of
Excess Weight Loss (%EWL) were calculated (weight loss
(kg)/EW (kg)� 100).

The nutritional and biochemical markers reported
were vitamins B12, Active B12, thiamin, folate, D, iPTH,
haemoglobin (Hb), iron and ferritin, albumin, total pro-
tein and C-reactive protein. Vitamin B6 levels were not
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routinely tested, however, levels were reported if avail-
able. Levels of nutrients were assessed based on the stan-
dard laboratory values (Table 2).

At the time of each nutritional assessment, adherence
to the recommended multivitamin and mineral supple-
ments and reported gastrointestinal symptoms were
recorded. Hospital readmissions were noted and data
regarding reasons for readmission, course of manage-
ment, and nutrition management were retrieved.

Data were deidentified prior to analysis. The study
was approved by the University of Wollongong/Illawarra
Shoalhaven Local Health District Human Research
Ethics Committee (HE:2020/172) and for this type of
study formal consent was not required.

Descriptive statistics were expressed as mean ± SD for
continuous variables (anthropometry and analytical vari-
ables) and percentages for categorical data (deficiency or
compliance rates). Inferential analysis was performed
using IBM Statistical Package for the Social Sciences
(SPSS) version 27. Linear mixed models were used to
compare baseline and follow-up data and Bonferroni
post-hoc test to pair-wise comparisons. A p value <0.05
was considered statistically significant.

3 | RESULTS

The baseline characteristics are described in Table 1. A
total of 231 patients had a complete nutrition panel and
were all included in the study. The mean age at time of
surgery was 47.0 ± 11.8 years, the mean preoperative BMI
was 43.4 ± 7.1 kg/m2 and the majority of patients were
female (76.2%). The majority of the procedures were done
as a primary procedure (n = 185, 80%), with the main
procedure being sleeve gastrectomy (78.8%), followed by
gastric bypass (15.6%; Table 1).

The mean weight loss was 30.7 ± 10.6 kg, 37.3 ±
14.1 kg, 33.5 ± 12.4 Kg, at 6, 12 month and 2 or more
years following surgery. The weight loss was significantly
different at each time point compared to the preoperative
weight (p=<0.001), stabilising at 1 year postoperative
with no significant difference in measures after 1 year
(Figure 1).

Further details on the changes in anthropometrical
measures following bariatric procedures are found in
Table S1 (online supplementary material).

Prior to bariatric surgery, the most common nutri-
tional disorders, related to vitamins D (39%), B12 (31%),
ferritin (12.7%) and hyperparathyroidism (27.6%). Folate,
Active B12, iron, Hb, total protein and albumin abnormal-
ities were minimal and there was no thiamin deficiency
observed preoperatively in this cohort. C-reactive protein
levels were elevated in 47.7% of patients (Table 2).

The common nutritional disorders at ≥2 years related
to vitamin B12 (23.2%), hyperparathyroidism (23%), vita-
min D (17.7%) and ferritin (15.9%). Few abnormalities in
folate, Active B12, iron, Hb, total protein and albumin
were observed but an improvement in C-reactive protein
was observed over time. In the period ≤6 months, thia-
min deficiency was present in 2.3% patients (n = 2), both
with foregut symptoms, necessitating hospital admission
for assessment and management. At 1 year, one patient
had a thiamin abnormality with clinically reported symp-
toms (Table 2).

Vitamin B6 toxicity was an incidental finding in
5 (2.2%) patients, with the range of values being from
1062–6936 nmol/L (normal range 20–190 nmol/L). The
reported level of symptoms varied; with some asymptom-
atic and others reporting neuropathy. The main reason for
vitamin B6 toxicity was self-prescription of supplements
such as zinc, magnesium or other high dose multivitamin
and mineral supplement. These generally included 30–50
mg of vitamin B6 in the form of pyridoxine hydrochloride

TABLE 1 Baseline characteristics of bariatric patients included

in the study

n = 231

Gender ratio F/M, n (%) 176/55 (76.2/23.8)

Age at the time of surgery, years 47.0 ± 11.8

(Range) (18–73)

Body weight, kg, mean± SD 122.1 ± 23.6

(Range) (74.4–220.0)

BMI, kg/m2 ± SD 43.4 ± 7.1

(Range) (31.0–66.5)

Excess weight, kg, mean± SD 51.5 ± 19.8

Surgery types, n (%) LSG: 182 (78.8%)

RYGB: 36 (15.6%)

OAGB: 9 (3.9%)

LAGB: 3 (1.3%)

Banded SG: 1 (0.4%)

Primary/Revisional surgery, n (%) 185/46 (80/20)

Primary surgery, n (%) LAGB: 32 (70.0%)

LSG: 4 (8.7%)

LAGB and LSG: 8
(17.3%)

GS: 1 (2.2%)

Fixed band: 1 (2.2%)

ESG: 1 (2.2%)

Abbreviations: ESG, endoscopic sleeve gastrectomy; GS, gastric stapling;
LAGB, laparoscopic adjusted gastric banding; LSG, laparoscopic sleeve

gastrectomy; OAGB, one anastomosis gastric bypass (mini gastric bypass);
RYGB, Roux-en-Y gastric bypass; SG, sleeve gastrectomy.
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TABLE 2 Laboratory values and percentage of abnormalities in patients at each assessment point

Biochemical marker (normal range) Time N Minimum Maximum Mean± SD
Abnormalities
N (%)

Thiamin pyrophosphatase (TPP) (66–200
nmol/L)

Pre op 112 75 445 179.6 ± 54.8 0 (0.0)

≤6/12 post op 88 48 360 165.1 ± 51.6 2 (2.3)

1 year post op 49 55 340 173.5 ± 65.3 1 (2.1)

≥2 years post op 63 65 340 177.0 ± 56.9 0 (0.0)

CRP (0.0–0.5 mg/L) Pre op 109 0.5 48.6 7.7 ± 7.3 52 (47.7)

≤6/12 post op 83 0.4 24.0 4.5 ± 4.6 21 (25.3)

1 year post op 48 0.4 85.5 5.5 ± 12.6 6 (12.5)

≥2 years post op 62 0.4 25.7 2.5 ± 3.6 5 (8.1)

iPTH (1.6–6.9 pmol/L) Pre op 105 2.0 21.1 6.8 ± 3.4 29 (27.6)

≤6/12 post op 84 2.0 10.5 5.4 ± 1.9 15 (17.9)

1 year post op 47 2.7 35.0 6.4 ± 4.8 8 (17.0)

≥2 years post op 61 2.1 13.7 6.2 ± 2.4 14 (23.0)

Albumin (36–47 g/L) Pre op 110 35.0 49.0 42.5 ± 2.8 2 (1.8)

≤6/12 post op 87 35.0 49.0 41.7 ± 3.1 0 (0.0)

1 year post op 49 30.0 48.0 41.9 ± 3.6 2 (4.0)

≥2 years post op 62 35.0 50.0 41.8 ± 3.2 0 (0.0)

Vitamin D (50–140 nmol/L) Total
deficiency: <50 nmol/L

Pre op 107 14.0 108.0 53.1 ± 19.6 Total: 42 (39)
Mild: 31 (29.0)
Moderate: 11
(10.3)

Severe: 0 (0.0)

Mild deficiency: 30–49 nmol/L ≤6/12 post op 86 31.0 149.0 77.5 ± 22.0 Total: 8 (9.3)

Moderate deficiency: 13–29 nmol/L Mild: 8 (9.3)
Moderate: 0 (0.0)

Severe deficiency: <13 nmol/L Severe: 0 (0.0)

1 year post op 47 33.0 142.0 76.5 ± 23.7 Total: 5 (10.6)
Mild: 5 (10.6)
Moderate: 0 (0.0)
Severe: 0 (0.0)

≥2 years post op 62 16.0 253.0 68.8 ± 32.3 Total: 11 (17.7)
Mild: 11 (17.7)
Moderate: 0 (0.0)
Severe: 0 (0.0)

Iron (5–30 μmol/L) Pre op 112 5.9 37.0 14.7 ± 5.3 1 (0.9)

≤6/12 post op 87 9.0 117.0 18.6 ± 11.8 0 (0.0)

1 year post op 49 3.0 28.2 17.3 ± 6.0 2 (4.1)

≥2 years post op 62 9.0 43.6 20.0 ± 6.6 0 (0.0)

Ferritin (15–200 μg/L) Pre op 110 9.0 533.0 125.3 ± 119.8 Low: 14 (12.7)
High: 12 (10.9)

≤6/12 post op 87 14.0 559.0 136.2 ± 112.9 Low: 6 (6.9)
High: 3 (3.5)

1 year post op 49 7.0 358.0 107.2 ± 81.8 Low: 7 (14.3)
High: 5 (10.2)

≥2 years post op 63 6.0 344.0 87.7 ± 69.6 Low: 10 (15.9)
High: 3 (4.8)

Pre op 97 150.0 1028.0 350.9 ± 155.7 30 (31.0)

(Continues)
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TABLE 2 (Continued)

Biochemical marker (normal range) Time N Minimum Maximum Mean± SD
Abnormalities
N (%)

Vitamin B12 (135–650 pmol/L) <250
pmol/L

≤6/12 post op 59 148.0 1042.0 381.8 ± 185.6 16 (27.1)

1 year post op 42 140.0 1352.0 398.9 ± 228.6 8 (19.0)

≥2 years post op 56 127.0 845.0 407.3 ± 179.4 13 (23.2)

Active B12* (>35 pmol/L) Pre op 87 36.0 127.0 82.3 ± 26.0 1 (1.1)

≤6/12 post op 71 24.0 124.0 65.5 ± 27.3 3 (4.2)

1 year post op 38 33.0 127.0 71.4 ± 25.3 2 (5.3)

≥2 years post op 42 26.0 125.0 71.8 ± 29.3 4 (9.5)

Folate (>7.0 nmol/L) Pre op 111 4.5 54.0 29.4 ± 10.1 1 (0.9)

≤6/12 post op 85 6.7 53.0 26.3 ± 10.2 1 (1.2)

1 year post op 51 6.7 54.0 29.9 ± 11.1 1 (2.0)

≥2 years post op 61 12.7 54.0 30.0 ± 9.6 1 (1.6)

Total protein (64–83 g/L) Pre op 109 41.0 144.0 71.7 ± 8.6 3 (2.7)

≤6/12 post op 84 56.0 145.0 69.6 ± 9.5 5 (5.9)

1 year post op 49 40.0 79.0 67.5 ± 6.0 6 (12.2)

≥2 years post op 62 57.0 79.0 67.9 ± 3.7 5 (8.1)

Haemoglobin (M) (130–180g/L) Pre op 23 122.0 166.0 147.5 ± 13.3 1 (4.3)

≤6/12 post op 12 137.0 164.0 148.3 ± 8.7 0 (0.0)

1 year post op 8 125.0 152.0 139.1 ± 8.8 1 (12.5)

≥2 years post op 15 129.0 172.0 147.4 ± 11.5 2 (13.3)

Haemoglobin (F) (119–160) Pre op 85 106.0 158.0 135.9 ± 9.8 3 (3.5)

≤6/12 post op 74 112.0 167.0 135.5 ± 11.1 2 (2.7)

1 year post op 43 106.0 156.0 127.5 ± 9.8 4 (9.3)

≥2 years post op 48 113.0 159.0 134.2 ± 10.3 1 (2.1)

Abbreviations: CRP, C-reactive protein; F, female; iPTH, intact Parathyroid hormone; M, male.
aAnalysed if vitamin B12 150–250 pmol/L.

FIGURE 1 Weight loss over

time following bariatric

surgeries. *Statistically different

to pre op weight p ≤ 0.001.

**Statistically different to >2

years post op weight p = 0.009.

***No difference between 1 year

and > 2 years post op weight.
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and in some cases, they may have been taken for up to
1 year. Apart from one patient (13 years post laparoscopic
adjusted gastric banding), who in addition to the B6 toxic-
ity, had vitamin D and total protein abnormalities, all
others did not exhibit any additional nutritional abnormal-
ities. All B6 levels were corrected with 3 weeks of stopping
the high dose supplements.

Mean vitamin D levels improved over time, with a
significant difference at 6 months, 1 year and≥ 2 years
postoperative compared to the preoperative values

(Figure S1). iPTH improved at 6 months postoperative,
however, no difference was seen beyond that time point
(Figure S2, online supplemetary material). Iron levels
and C-reactive protein levels both improved over time.
However, at 6 months postoperative a significant reduc-
tion was observed in mean values of Active B12, folate
and total protein with some (total protein) persisting over
time (Figures S3–S5, online supplementary material).

The adherence to the multivitamins was higher than
other specific additional supplements. Adherence was
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90% in the first year following surgery but declined to
77% at 2 years and beyond. In this cohort, 60% of patients
were taking additional calcium and vitamin D supple-
ments, with adherence again declining over time. Iron
and vitamin B12 supplements are generally recommended
based on patients' requirements. As the recommendation
to take these additional supplements increased over time,
so did their uptake (Figure 2).

The most common gastrointestinal symptoms
reported by patients are described in Figure 3. Reflux,
food intolerances, nausea and vomiting were common.
There was improvement in the prevalence of some symp-
toms, however reflux remained a problem longer term,
with 44% of patients at 6 months, 25% at 1 year, and 28%
at ≥2 years requiring daily proton pump inhibitors for its
management.

From 214 patients, the substantive complication rate
was 6.5%, with 12 patients requiring hospital
readmissions and 2 endoscopic interventions. Only two
patients had thiamin levels assessed during their hospital
stay and both did develop thiamin deficiency. One
patient with a very complicated medical and mental
health history developed refeeding syndrome and
required intensive care unit admission, enteral nutrition
support, as well psychological support.

4 | DISCUSSION

Consistent with other studies,21–25 our research shows
that bariatric surgery results in significant weight loss
(TWL: 37.3 ± 14.1), which then stabilises and is
maintained beyond 2 years following surgery. However
nutritional abnormalities remain a concern, requiring
close monitoring and adjustment based on individual
patients. This is even more crucial in the acute stages
postoperatively when patients may be at a higher risk of
complications related to their surgery; or are still
adjusting to their new gastrointestinal system and hence
may experience foregut symptoms and its related acute
and severe nutritional consequences.

The main preoperative nutritional abnormalities in
this cohort were related to vitamin D, hyperparathyroid-
ism, B12 and ferritin. The prevalence of hypovitaminosis
D (39%), was consistent with other Australian studies in
the bariatric surgical population, reported as 32–
57%,8,26,27 and was expectedly higher than in the average
population, reported as 23% in the Australian Health Sur-
vey.28 It is important to note that levels of Vitamin D
deficiency can widely vary depending on what reference
range is used (Table 2 describes the reference values in
this study). An inverse relationship between BMI and
vitamin D has been suggested in the literature, possibly

due to the sequestration of vitamin D, being a fat-soluble
vitamin, in the adipose tissue.29 Vitamin D is essential for
the absorption of calcium and hence optimal musculo-
skeletal and metabolic bone health. Furthermore hyper-
parathyroidism was evident in 27.6% of patients in this
cohort, which is also a common abnormality in the bar-
iatric surgical population and with a similar impact on
bone mineral density and metabolic bone health.10

Epidemiological studies suggest a protective benefit of
obesity against osteoporosis, due to increased bone min-
eral density as a result of a larger bone size and a higher
mechanical loading, but there is more recent evidence of
low vitamin D and hyperparathyroidism in this popula-
tion.10 A review by Brzozowska et al. suggests a strong
inverse relationship between total fat mass and bone
mineral density, discussing the consequence of obesity
and its related metabolic syndrome in bone formation
rate, bone mineral density and increasing fractures.30

Given the impact of weight loss on metabolic bone health
following bariatric surgery, the screening and early man-
agement of vitamin D and iPTH has been recommended
for this at-risk population.6,7,10

In this cohort, 31% of patients had a vitamin B12

abnormality. Vitamin B12 (or cobalamin) deficiency has
been reported in varying degrees in patients seeking bar-
iatric surgery (0–30%), with the higher deficiency rate in
those on medications such as proton pump inhibitors, H2

Blockers, or Metformin, all of which reduce its absorp-
tion rate.6,7,31 As a water-soluble vitamin, B12 is stored in
substantial amounts in the liver and hence deficiency
takes some time to develop. B12 deficiency can result in
symptoms such as pernicious anaemia, paraesthesia,
numbness, changes in reflexes and in extreme cases gait
ataxia, dementia, psychosis and neuropathy.6 Due to re-
section (in the sleeve gastrectomy and one anastomosis
gastric bypass) or the bypass of the gastric fundus
(in gastric bypass) and hence reduction in intrinsic factor
patients are at risk of developing vitamin B12 deficiency
following surgery, and hence early detection and correc-
tion is essential for optimal outcome.9 Measurement of
serum vitamin B12 may not be adequate to detect vitamin
B12 deficiency and further tests such as Active B12, met-
hylmalonic acid and homocysteine have also been rec-
ommended.6,9 In this study, we also measured Active B12

and found very low deficiency rates (1.1%). Folate, iron,
Hb, total protein and albumin abnormalities were negli-
gible. Our findings are similar to other studies showing
low prevalence of folate deficiency,8,32 however these
results contrast with others who report higher prevalence
of folate deficiency of 54%.7 This contrast could be due to
a high level of adherence to the multivitamin supplemen-
tation. Iron deficiency was also negligible in this cohort
with only one patient experiencing low iron levels. This

596 ZARSHENAS ET AL.



is similar to other findings,8 whilst others report much
higher deficiency rates (13–47%) in the bariatric candi-
date patients.6,32,33

The prevalence of thiamin deficiency has not been
fully explored in bariatric surgical candidates.34 In this
study we did not identify any thiamin abnormality in
those screened preoperatively (n = 112), although others
have reported a prevalence of deficiency of 5.5%32 and up
to 29%.6 The difference in studies may be related to pre-
operative nutritional health, the quality of the diet, and
possible food fortification. There is disparity in the rec-
ommendation for routine preoperative thiamin screening
in the bariatric guidelines, with some endorsing routine
screening for all patients6 and others reporting a lack of
evidence to do so.7 Therefore, it is not surprising to
observe inconsistencies in clinical practices. In a survey
of Australia and New Zealand bariatric clinicians only
35.7% of the respondents routinely screened for thiamin
levels preoperatively.35 Considering the short half-life of
thiamin and its low storage level in the body, ensuring
adequate thiamin status through routine preoperative
assessment may be helpful in managing high-risk
patients in the acute stages following surgery.

After 2 years post surgery, the situation may change.
Consistent with the literature,6,7,9,32,36 in this cohort
nutritional disorders such as abnormal vitamins B12, D,
hyperparathyroidism and ferritin were present at ≥2
years postoperative. These results emphasise the long-
term need for nutritional assessment, and review of the
adequacy, adherence and response to supplementation in
bariatric patients. Vitamin D and iPTH, calcium and
albumin all play an important role in maintaining bone
homeostasis, but in the current study there was negligible
albumin abnormalities observed. The initial significant
improvement in the mean vitamin D and iPTH levels
was similar to other studies which also demonstrated an
improvement in vitamin D levels (from 81% to 36% defi-
ciency levels) at 1 year following surgery.32 This has been
attributed to the weight loss and the release of vitamin D
from adipose tissue29 as well as better adherence to rec-
ommended vitamin D supplementation. However, over
time, vitamin D deficiency of 80% -100% and ongoing
hyperparathyroidism has been reported in the litera-
ture.6,36 These findings not only reinforce the need for
routine screening and long term follow up but also high-
light the need for population based and individualised
treatment recommendations. This aligns with recommen-
dations from the American Society for Metabolic and
Bariatric Surgery which has emphasised the need for long
term monitoring of vitamin D, iPTH, calcium, and albu-
min. as well as using a dual-energy X-ray absorptiometry
scan,10 as a result of the increased risk of fractures in this
population.

In contrast to other reports,6 folate, Active B12, iron
and Hb abnormalities were minimal in our cohort. Sev-
eral reasons may explain this. Firstly, the dietary contri-
bution of these micronutrients may vary amongst
different patient populations, however, this was not
investigated in the current study. Secondly, adherence to
micronutrient supplementation may also vary amongst
patient cohorts. Finally, interpopulation differences in
nutrient absorption, metabolism and storage needs
should also be considered. The level of abnormality of
total protein (which measures the combined amount of
two types of proteins, albumin and globulin) and albu-
min, reflecting the overall nutritional status, were negli-
gible, in this cohort. Protein energy malnutrition is not
generally expected following the above mentioned bariat-
ric procedures and nor is it seen in patients who do not
experience surgical-related complications.9 Similar to
other findings, with the improvement of weight loss and
its inflammatory processes, C-reactive protein levels
improved over time in the current study.27

Thiamin levels postsurgery may be of particular inter-
est in this clinical population. A recent systematic review
described the incidence of thiamin deficiency to be
higher than previously reported within the bariatric sur-
gical population and additionally reported limited studies
in this area.34 Furthermore, current practices of screening
and treatment of thiamin deficiency in clinical settings
are inconsistent,35 potentially leading to severe conse-
quences and irreversible neurological side effects. In the
current study, thiamin abnormality was present in 2
patients at ≤6-month postoperative, both of which
needed hospital readmission due to foregut symptoms.
Only one patient at 1 year following surgery exhibited
thiamin abnormality and was clinically symptomatic.
These findings are similar to those of Albaugh et al. who
found a 3.5% thiamin deficiency in a cohort of 346
patients.37 However, it is in contrast with others, who
have reported a much higher prevalence of thiamin defi-
ciency of up to 29%.6,32,38 This difference may be attrib-
uted to race with Caucasians experiencing less thiamin
deficiency than African Americans or Hispanics.38

Thiamin deficiency has been reported following all
bariatric procedures.13,15–18 Due to the irreversible and
potential life-threatening consequences of untreated thia-
min deficiency, early supplementation, detection and
adequate treatment is recommended. In this cohort the
patients with thiamin deficiency were reportedly adher-
ent to multivitamin supplementation. In a previous
study, where thiamin deficiency was prevalent in 25.7%
of patients, no difference was found with adherence to
multivitamin supplementation between patients who had
thiamin deficiency versus those who did not (70.4%,
84.6%, p = 0.10).38 However, African American race
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(odds ratio [OR]39 3.9, p = 0.019), higher preoperative
BMI (OR 1.13, p = 0.001), nausea (OR 3.81, p = 0.02) and
vomiting (OR 3.49, p = 0.032) were found to be indepen-
dent risk factors of developing thiamin deficiency.38 In
the high-risk group patients, closer monitoring, routine
screening of thiamin, and additional thiamin supplemen-
tation in the acute postoperative phase may contribute to
the prevention, early detection and appropriate treatment
of thiamin deficiency.

Another B group vitamin of interest is Vitamin B6 or
pyridoxal phosphate, a water-soluble vitamin with the
generic name representing six compounds (vitamers)
with vitamin B6 activity. It is a co-factor for over
100 enzymes involved in amino acid metabolism and
neurotransmitter synthesis. It naturally occurs in a vari-
ety of food groups such as legumes, nuts, wheat bran, as
well as animal sources such as meat.9 Vitamin B6 has not
been well studied in the bariatric population and hence
the understanding of its prevalence of deficiency and tox-
icity remains limited.9 Recent studies report varying level
of vitamin B6 toxicity prior to surgery (21%) and increas-
ing postoperatively (47.5%).32 The concern with vitamin
B6 toxicity is that unlike other water-soluble B vitamins,
chronic administration of high dose supplements can
cause severe and progressive sensory neuropathy
characterised by ataxia. The severity of symptoms gener-
ally appears to be dose dependent, and usually stop with
discontinuation of the excess pyridoxine supplements.
The incidence of vitamin B6 toxicity in the cohort in the
current study was much lower and only seen in 5 patients
(2.2%). This may be due to the type and the quantity of
the additional B6 supplements contributing to the toxic-
ity. The current study's cohort were taking additional
supplements with added vitamin B6 whereas others
reported the toxicity to be related to consumption of
energy drinks.40

Given the abnormalities noted with nutrients, vitamin
supplementation is routinely provided in this patient
cohort. Despite several guidelines and clinician recom-
mendations, the adherence to multivitamin supplementa-
tion remains suboptimal and tend to decline over time.8,36

In this cohort 90% of patients reported to be taking supple-
ments, however this reduced to 77% by 2 years and
beyond. The adherence to the additional supplements was
even lower with 60% of patients taking the additional rec-
ommended calcium and vitamin D supplementation in
the current study, and this declined over time. Other stud-
ies have shown similar findings with 74.1% of patients tak-
ing a vitamin D supplement during the first postoperative
year and reducing to only 11.1% after 4 years.36

A recent study including 4614 postoperative bariatric
surgical patients used a 24-item questionnaire to explore

the factors affecting adherence to multivitamin supple-
ments.41 They overall found a negative attitude towards
taking supplements with common reported barriers for
inconsistent users identified to be: forgetting daily intake
(68.3%), gastro-intestinal side effects (25.6%) and unpleas-
ant taste or smell (22.7%). In contrast those who did not
use any multivitamin supplementation reported gastro-
intestinal side effects (58.5%), high costs (13.5%) and the
absence of vitamin deficiencies (20.9%) to be the barriers.
Furthermore, they found a total of 28.5% of patients to be
dissatisfied with the instructions received on multivita-
min supplementation use. Hence to optimise adherence
to multivitamin supplementation, closer attention to
adherence at each consult, consideration of patients' indi-
vidual preferences, and implementation of a shared deci-
sion–making process by the clinicians was
recommended.

Consistent with other literature, common gastrointes-
tinal symptoms reported by patients in the current study
were reflux, food intolerances, nausea and vomiting.27,42

These mostly resolved over time, likely as the gastrointes-
tinal system evolves and also patients cognitively adapt to
their new capacity. In this cohort, the complication rate
was 6.5% with 14 patients requiring further investigations
or interventions. Only two patients with foregut symp-
toms who needed hospital interventions had their thia-
min level tested. Both had thiamin abnormality and one
further developed severe malnutrition, refeeding syn-
drome, requiring intensive care unit admission and
enteral nutrition support for its management. Patients
with complications were generally presented to their
nearest hospital, which may not routinely care for bariat-
ric surgical patients. Hence thiamin was not assessed for
all patients, nor was it supplemented during hospital
readmissions. Some of the reasons were the expense of
the test as well as the duration of time it takes to receive
the results (up to 2 weeks). This not only results in
underreporting of thiamin deficiency, but highlights the
role of the bariatric specialised clinics in education of
staff in other hospitals, in caring for bariatric patients.

The limitations of this study were firstly reliance on
the retrospective data available for some aspects of the
study as well as also relying on reported data. Secondly,
patients were not randomly allocated to each surgical
group and the majority of patients had sleeve gastrectomy
procedure, hence the results do not translate to other bar-
iatric procedures. Thirdly, only a small number of
patients had thiamin levels tested, especially during the
acute stages postoperatively and hence this may underre-
port the prevalence of thiamin deficiency. However, with
limited studies published on thiamin levels, this study
presents a realistic observation of private bariatric clinics
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and hence encourages others to reflect on clinical prac-
tice, especially given that most bariatric surgery is con-
ducted privately in Australia.43 Developing a protocol for
routine assessment, screening and supplementation of
thiamin may also be of benefit for patients presenting
with complications leading to foregut symptoms and
requiring readmissions.

Bariatric surgery results in durable weight loss, how-
ever acute and chronic nutritional concerns remain an
issue in the bariatric surgical patient. With weight loss
and good adherence to supplementation, some such as
vitamin D and iPTH tend to initially improve, however as
stores deplete, these become a concern in the longer
term. Furthermore, adherence to supplementation tends
to reduce over time, increasing the risk of long-term com-
plications. Patients with foregut symptoms and complica-
tions develop diet and multivitamin supplement
intolerance, increasing their risk of acute nutritional defi-
ciency, especially thiamin and its related consequences.
Thiamin deficiency is however underreported, as its not
routinely screened. Hence, the need for prompt assess-
ment and supplementation in the symptomatic bariatric
patient, with the aim to prevent severe complications. To
increase awareness in health settings that may not rou-
tinely care for bariatric surgical patients and hence
reduce potential risk, a specific protocol in managing the
bariatric complicated patient is recommended.
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