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Abstract
Purpose Bariatric surgery is an effective treatment for obesity with new procedures emerging. However, despite comparable
weight loss and improvements in metabolic outcomes, research on nutritional and gastrointestinal symptoms remains limited.
Here we compare clinical data on weight, nutritional disorders and gastrointestinal symptoms of patients before and following
one anastomosis gastric bypass (OAGB) and Roux-en-Y gastric Bypass (RYGB).
Materials and Methods In this retrospective study, data on anthropometry, nutritional indices, dietary intake and gastrointestinal
symptoms were retrieved in cohorts of patients up to 2 years following OAGB and RYGB.
Results Seventy-three patients had either a RYGB (28) or an OAGB (45), with 71% seeking these as a revisional procedure.
Significant and higher weight loss was observed in the OAGB cohort at 1 year (%TWL 33.0 ± 8.5 vs. 26.6 ± 12.4), albeit
comparable at 2 years postoperatively (%TWL 29.0 ± 11.1 vs. 34.1 ± 11.2). Disorders such as vitamin D, active B12, folate,
homocystein (Hcy) and hyperparathyroidismwere present following both surgeries. Levels of vitamin D, ferritin and total protein
significantly worsened over time. Gastrointestinal symptoms of diarrhoea, steatorrhoea and reflux were higher in the OAGB
cohort while the RYGB cohort reported more dumping syndrome (DS).
Conclusion Significant and similar weight loss results are seen following both OAGB and RYGB. Nutritional disorders were
common in both cohorts and increased over time. However, the OAGB patients reportedmore gastrointestinal side effects, which
may contribute to poor quality of life and nutritional consequences. Prospective and longer-term studies investigating the
nutritional and gastrointestinal health of patients undergoing OAGB is recommended.
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Key Points
•OAGB has a similar weight loss outcome to the RYGB
•Nutritional disorders are common prior to and following both procedures
•The OAGB patients report more gastrointestinal symptoms
•Long-term studies investigating the nutritional and gastrointestinal
outcomes following OAGB are recommended
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Introduction

The management of obesity and its related comorbidities re-
mains a global challenge. Despite multimodal treatments in
assisting weight loss, the body’s tendency to maintain weight
makes most conservative treatments suboptimal [1]. Bariatric
surgery is the most effective treatment for the condition of
obesity, with resolution of weight-related comorbidities,
hence reducing mortality in addition to improving quality of
life [2]. However, bariatric procedures result in medical and
nutritional consequences, which are unique for each proce-
dure. The procedures continue to evolve and new techniques
such as the one anastomosis gastric bypass (OAGB) emerging
internationally. However, there are inadequate studies on their
long-term nutritional outcomes. Nutritional disorders have
been shown to be common among patients who undergo bar-
iatric surgery, and this has been contributed to poor diet qual-
ity, chronic dieting and the physiology of chronic obesity
[3–8]. Furthermore, the changes in gastrointestinal system
and its impact on ingestion, digestion and absorption of nutri-
ents further impact the nutritional health of patients following
surgery [4, 8, 9]. Each bariatric procedure results in nutritional
deficiencies through slightly different mechanisms. The lapa-
roscopic adjusted gastric banding (LAGB) does this through
significantly reducing the diet quantity as well as inducing
some food intolerances and hence impacting overall diet qual-
ity and nutritional health [10–12]. The gastric bypass proce-
dures and the sleeve gastrectomy (SG) also reduce the diet
quantity, however, with less impact on the food tolerance. In
these procedures, the rapid transient of the nutrients through
the gastrointestinal tract and hence inadequate mixing with the
pancreatic enzymes adds to their malabsorptive component.
Furthermore, in gastric bypass procedures, bypassing the pri-
mary absorption site of certain nutrients can further exacerbate
the postoperative nutritional disorders [4, 7, 13].

The identification of the potential side effects will not only
allow prevention and optimal treatment of these conse-
quences, but also assist in choice of procedure for the patient
in pre surgical moment.

The standard Roux-en-Y gastric bypass (RYGB) proce-
dure has long been the procedure of choice internationally,
with significant long-term published data on its risk and ben-
efits [14]. A modified gastric bypass termed one anastomosis
gastric bypass (OAGB) has emerged more recently [15],
which is thought to be restrictive and malabsorptive thus in-
ducing hormonal changes similar to the RYGB [16]. The cur-
rent literature indicates that the OAGB produces comparable
weight loss and metabolic benefits to that of RYGB, with
shorter operative time due to a lesser technical complexity
[16, 17]. A recent consensus statement by the international
federation of obesity task force, recognised OAGB as an ac-
ceptable surgical option, but recommended long-term multi-
disciplinary follow-up [15].

To date, despite the reported nutritional deficiencies and
related complications [3, 18], there are no specific nutritional
guidelines for the management of OAGB patients. In the ab-
sence of recommendations, nutritional management has been
based on the RYGB in most clinical setting [9]. However, the
current evidence suggests that compared to the RYGB,
OAGB has higher adverse nutritional and digestive symptoms
such as diarrhoea, steatorrhoea and bile reflux esophagitis,
which in some cases necessitates nutritional support and/or
revisional surgery [3, 19]. The malabsorptive nature of this
procedure compared to the RYGB is thought to be the con-
tributing factor to malnutrition, and the longer the
biliopancreatic limb (BPL) (300 cm cf 150–200 cm), the more
severe the consequences [18]. These complications, coupled
with the lack of long-term evidence onmedical and nutritional
outcomes, have slowed universal adoption of OAGB [3, 9, 15,
16, 18].

This study aims to compare clinical data on anthropometry,
nutritional indices, dietary intake and gastrointestinal symp-
toms in cohorts of patients 6, 12 and 24 months following
OAGB or RYGB from a private bariatric clinic.

Material and Methods

This retrospective cohort study reports on anthropometric
measures, nutritional indices and gastrointestinal symptoms
of patients who had undergone OAGB and RYGB in a mul-
tidisciplinary private clinic in Sydney, Australia from
May 2015 to May 2019. All patients had undergone a multi-
disciplinary assessment and met the international criteria for
bariatric surgery [9, 20]. There were no exclusion criteria, and
all 78 patients who presented for either bypass surgery were
included in the study.

For the RYGB, a long gastric pouch was fashioned over a
size 40 bougie. The stomach was transected at the incisura. A
100-cm BPL and a 100-cm ante-colic alimentary limb were
used. The gastrojejunostomy and jejunojejunostomywere cre-
ated using linear staplers. For the OAGB, a long gastric tube
was fashioned over a size 40 bougie. The stomach was
transected at the incisura. A 200-cm BPL was typically used.
The gastrojejunostomy was performed using a linear stapler.

Electronic medical records were accessed to retrieve data
on anthropometry, biochemistry, nutritional markers and re-
ported dietary intake and gastrointestinal symptoms at 6
months, 1 and 2 years postoperatively.

The Clinic Protocol

The clinic protocol included routine consultation by the sur-
geon and nutritional assessment and counselling by two bar-
iatric trained accredited practicing dietitians at pre and
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postoperative at 2 and 4 weeks, and then at 2, 6 and 12months
and yearly thereafter.

Nutritional counselling and education was provided by the
dietitian according to the ASMBS bariatric guidelines [4, 8,
20] and were personalised for each patient’s individual re-
quirement. Micronutrient supplements recommended were 2
comprehensive bariatric specific high-dose multivitamin
aiming to provide 200% of the recommended dietary intake,
calcium and vitamin D (aiming for a total of 1500-mg calcium
with 800 IU vitamin D). Iron, folate, vitamin B12 and addi-
tional vitamin D were recommended based on the ASMBS
bariatric guidelines [4, 8, 20] and tailored as needed on an
individual basis.

Anthropometry

A Wedderburn scale was used for measuring weight. Height
was measured, and body mass index (BMI) {weight (kg)/
height2 (cm)}, change in BMI, total weight loss (TWL), per-
centage 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). We used
the highest initial weight for all patients to reflect their full
weight loss journey.

Biochemical Assessments

Nutritional indices included biochemical markers such as: se-
rum albumin, total protein, vitamin B12, active B12, serum
folate, haemoglobin (Hb), iron, ferritin, homocysteine (Hcy),
magnesium, intact parathyroid hormone (iPTH), calcium and
vitamin D. These indices were collected using standard hos-
pital procedure. Fasting blood glucose level (FBGL) and C-
reactive protein (CRP) were also noted.

Levels of nutrients were assessed based on the standard
laboratory values, and patients were considered having disor-
dered levels if, iron < 5 umol/L, ferritin < 15 ug/L, folate < 7
nmol/L, Vitamin D < 50 nmol/L, Hb was < 119 g/L in women
and < 130 g/L in men. Furthermore, other biochemical indices
were also noted, and patients were considered having disor-
dered levels if, albumin < 37 g/L, Hcy > 14 umol/L, iPTH >
50 pg/ml (or > 6.9 pmol/L) and CRP > 10 mg/L.

Based on previous studies and recommendations, in order
to improve sensitivity and specificity for serum vitamin B12,
the values of less than 350 pg/ml (250 pmol/L) was considered
to be deficient [3, 21].

Dietary Assessment

At each dietetic follow-up, a qualitative dietary assessment
using retrospective diet history was conducted and compared
to the bariatric dietary recommendations [22]. An unbalanced
diet was defined by consuming lower amounts of protein (< 2

servings per day or < 60 g total protein intake), dairy (< 3
servings per day), fruit (< 2 servings per day) and vegetables
(< 4 servings per day) and higher in energy dense, low nutri-
ent, low fibre carbohydrates (> 1 serving per day).

Gastrointestinal Symptoms

At each follow-up, as part of routine clinical assessment, both
surgeons and the dietitians assessed and recorded any gastro-
intestinal symptoms reported by patients.

Ethics

The study was approved by the University of Wollongong /
Illawarra Shoalhaven Local Health District Human Research
Ethics Committee (#2019/108), and for this type of study,
formal consent was not required.

Statistical Analysis

Descriptive statistics were expressed as mean ± standard de-
viation for continuous variables (anthropometry and analytical
variables) and percentages for categorical data (deficiency or
compliance rates). Inferential analysis was performed using
IBM® Statistical Package for the Social Sciences® (SPSS®)
version 26. Linear mixed models were used to compare base-
line and follow-up data and Bonferroni post-hoc test to pair-
wise comparisons. T tests or Mann-Whitney tests were used to
compare groups, and comparisons of proportions with nutrient
disorders, diet adequacy and presence of gastrointestinal
symptoms were performed using Pearson Chi-square when
the assumption was met or Fisher’s exact test when the as-
sumption was violated. A p value < 0.05 was considered sta-
tistically significant.

Results

Demographics

The baseline characteristics are described in Table 1. A total of
73 patients underwent bypass procedures with a mean preop-
erative BMI of 45.4 ± 8.1 kg/m2 for the entire cohort. The
majority of patients were female, and there was no difference
between gender and age between the two cohorts. However,
both preoperative weight and BMI were significantly higher
in the OAGB cohort (Table 1).

The majority (71.2% n = 52) of both procedures were per-
formed as revisional surgeries; this was higher in the RYGB
cohort (82.1% n = 23 vs. 64.4% n = 29) but with no significant
difference (p = 0.104). The main primary procedures in the
RYGB cohort were laparoscopic adjusted gastric banding
(LAGB) in 37% (n = 9), sleeve gastrectomy (SG) in 33% (n

2621OBES SURG (2021) 31:2619–2631



= 8), OAGB in 4% (n = 1) and 6 patients had multiple proce-
dures (25%). In the OAGB cohort, 55% (n = 25) of the
revisional cases had a LAGB previously. The indications for
revisional surgeries were reflux, diarrhoea and failure of de-
vice or ongoing weight management.

Anthropometric Outcomes

The preoperative weight was higher in the OAGB (130.85 ±
19.5) vs. the RYGB (120.5 ± 24.4) cohort (p = 0.049)
(Table 1). The mean weight loss (WL) was significant follow-
ing both procedures compared to pre op. Mean weight and
BMI were both significantly different at each time point com-
pared to pre op (Table 2).

The OAGB cohort achieved a higher weight loss than the
RYGB cohort, and the difference in weight loss between the
two groups was significant at 12 months following surgery
with a %TWL of 26.6 ± 12.4 (43.1 ± 12.8 kg WL) in the
OAGB vs. %TWL of 33.0 ± 8.5 (31.4 ± 17.7 kg weight loss)
in the RYGB cohort (p = 0.028) (Fig. 1).

Nutritional Outcomes

& Preoperative Nutritional Disorders

Preoperative, nutritional disorders were common in both
groups. However, a trend for higher disorders in Vitamin D,
Hb (females), B12 and protein levels were seen in the RYGB
cohort as opposed to more disorders in iPTH, active B12,
folate and Hcy in the OAGB cohort (Table 3).

& Postoperative Nutritional Disorders

Nutritional disorders were common following both proce-
dures, with no significant difference between the two groups.
A higher trend in deficiencies of Vitamin D (40% vs. 25.9%),
Hb in females (13% vs. 4%) and abnormality in protein levels

(18.2% vs. 8.1%) were present in the RYGB group, and in
contrast, the OAGB group had more disorders in iPTH
(31.3% vs. 25%), active B12 (14.3% vs. 7.7%), folate (7.7%
vs. 0) and Hcy (10.5% vs. 6.3%) (Table 3).

& Emergence of Nutritional Disorders Following Surgery

In the group as a whole, over the 2-year periodj, there was a
statistical change over time in decreasing mean values of pro-
tein (at 6 p = 0.001, 12 p = 0.001 and 24 p = 0.003 months),
ferritin (at 12 p = 0.006 and 24 p = 0.008 months), vitamin D
(at 6 p = 0.034 and 24 p = 0.066 months). (Fig. 2)
Improvements were observed in CRP (at 12 p = 0.006 and
24 p = 0.008 months), insulin (at 24 p = 0.039 months) and
FBGL (at 6 p = 0.015, 12 p = 0.000, 24 p = 0.057 and 36 p =
0.057 months). However, no significant change was observed
in other nutrition markers.

Comparing the two surgical groups, over time, there was
no difference or changes in micronutrient status. However,
levels of CRP (p = 0.01), ferritin (p = 0.003), vitamin D (p
= 0.15) and FBGL (p = 0.001) all changed over time for both
groups.

Diet Adequacy

Qualitative diet assessment was available for 58 patients
(RYGB n = 20, OAGB n = 38), and overall 62.1% of bariatric
patients had an unbalanced diet. This was similar when com-
paring procedures: 55.0% in the RYGB and 65.8% in the
OAGB (p = 0.421 Pearson Chi-square).

Reported Gastrointestinal (GI) Symptoms

The GI symptoms commonly reported included nausea,
vomiting, reflux, diarrhoea, steatorrhoea and food intolerances
(Table 4). Constipation was not reported in either group across
each time point. The prevalence of nausea, vomiting and di-
arrhoea tended to be higher in the OAGB cohort than the

Table 1 Patients’ preoperative
characteristics Total RYGB OAGB p value

Number of patients 73 28 45

Gender ratio female/male (%F) 54/19 (74) 22/6 (78) 32/13 (71) 0.480*

Age (years)

(range)

51.7 ± 10.6

(27-71)

50.5 ± 9.5 52.7 ± 11.3 0.447**

Body weight (kg ± SD)

(range)

126.9 ± 22.0

(86.0 – 187.6)

120.5 ± 24.4

(86.0 -174.0)

130.85 ± 19.5

(96.0 - 187.6)

0.049**

BMI (kg/m2 ± SD)

(range)

45.4 ± 8.1

(32.4 – 66.4)

42.5 ± 7.3

(32.4 – 61.6)

47.1 ± 8.0

(33.6 – 66.4)

0.014**

Revisional surgery 73% (52) 82.1% (23) 64.4% (29) 0.104*

RYGB Roux-en-Y gastric bypass, OAGB one anastomosis gastric bypass, BMI body mass index, SD standard
deviation

*Pearson Chi-square; **Independent T test
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RYGB group. Nausea and vomiting were predominantly re-
ported in the initial postoperative stages and seemed to resolve
over time.

Steatorrhoea was reported more in the OAGB than the
RYGB cohort and significantly so at 6 months following sur-
gery (p = 0.029*). Reflux was more commonly reported in the
OAGB than the RYGB cohort (p = 0.035*). The RYGB co-
hort tended to have more DS in the initial postoperative year.
However, patients in the OAGB also reported experiencing
DS.

Regardless of the procedure, over 40% of patients reported
some food intolerances at the 6-month postoperative assess-
ment with improvement over time in both groups (Fig. 3).

Discussion

Anthropometry

The weight loss achieved following both gastric bypass pro-
cedures in this study was significant and consistent with the
literature [3, 16, 18, 23, 24]. The weight loss in the OAGB
groups was significantly higher at 1 year following surgery at
33.3 %TWL vs. 26.0%TWL, but as also seen in other studies,
no difference was found between the two procedures at 2
years [17, 25].

The higher initial weight loss rate in the OAGB cohort is
possibly due to its malabsorptive effect as well a higher preop
BMI in this group. The literature indicates that the rate of
weight loss seems to be dependant on the length of the BPL,
in which the longer the BPL, the more malabsorption and
hence higher weight loss [18]. Considering that the standard
OAGB (BPL of 200 cm) was performed in this cohort, it is
reasonable to observe a similar long-termweight loss to that of
the RYGB cohort.

Pre op Nutritional Disorders

Preoperative nutritional related disorders were present in both
groups with the most common being low levels of vitamins D,
B12, elevated iPTH, low ferritin and total protein levels. Our
results echo the findings of others, which consistently report
on nutritional disorders in the preoperative bariatric surgical
patients [3–8].

Table 2 Anthropometrical
changes of the two cohorts Months post op RYGB (28) OAGB (45) p value

Mean WL (kg) 6/12 31.4 ± 16.6 (15) 36.2 ± 10.9 (32) 0.321*

12/12 31.4 ± 17.7 (16) 43.1 ± 12.8 (29) 0.028*

24/12 40.4 ± 19.2 (7)

Med 32.4 ± IR 36.6

35.2 ± 14.4 (13)

Med 32.75 IR 17.35

0.546*

Mean %TWL 6/12 25.5 ± 11.3 (15) 27.9 ± 7.1 (32) 0.369*

12/12 26.6 ± 12.4 (16) 33.0 ± 8.5 (29) 0.049*

24/12 34.1 ± 11.2 (7) 29.0 ± 11.1 (13) 0.341*

Mean %EWL 6/12 62.8 ± 27.2 (15) 62.3 ± 16.5 (32) 0.416*

12/12 69.4 ± 28.4 (16) 71.2 ± 19.7 (29) 0.828*

24/12 78.7 ± 40.9 (7)

Med 88.0 ± IR 56.3

69.0 ± 25.8 (13)

Med 59.3 ± IR 34.21

0.558*

0.336** (38)

Mean BMI 6/12 31.5 ± 6.5 (15) 34.0 ± 5.8 (32) 0.225*

12/12 29.2 ± 5.0 (16) 32.1 ± 5.2 (29) 0.071*

0.037** (320)

24/12 27.42 ± 4.3 (7)

Med 26.5 ± IR 7

69.0 ± 25.8 (13)

Med 31.6 ± IR 10

0.103*

0.097** (67)

RYGB Roux-en-y gastric bypass, OAGB one anastomosis gastric bypass,WLweight loss,% TWL% total weight
loss, EWL excess weight loss, BMI body mass index, Med median, IR interquartile range

*Independent T test, **Mann-Whitney test

ssolthgie
wlatoT

%

Time post op

Fig. 1 Percentage total weight loss over 2 years following RYGB and
OAGB. RYGB, Roux-en-Y gastric bypass; OAGB, one anastomosis
gastric bypass. *p = 0.049

2623OBES SURG (2021) 31:2619–2631



Table 3 Nutritional disorders in RYGB and OAGB cohorts

Time Total Percentage of disorders p value§

RYGB OAGB

iPTH (> 50 pg/ml) Preoperative 29.2 (7/24) 25.0 (2/8) 31.3 (5/16) 0.751

6/12 23.3 (7/30) 27.3 (3/11) 21.1 (4/19) 0.698

12/12 33.3 (9/27) 25.0 (2/8) 36.8 (7/19) 0.551

24/12 25.0 (5/20) 0 (0/3) 29.4 (5/17) 0.278

Calcium (< 2.15 mmol/L) Pre op 0 (30) 0 (12) 0 (18) -

6/12 6.3 (2/32) 9.1 (1/11) 4.8 (1/ 21) 0.631

12/12 3.0 (1/33) 0 (13) 5 (1/20) 0.413

24/12 13.8 (4/29) 0 (7) 18.2 (4/22) 0.224

Corrected calcium
(< 2.15 mmol/L)

Preoperative 0 (30) 0 (12) 0 (18) -

6/12 3.0 (1/33) 0 (12) 4.8 (21) 0.443

12/12 0 (33) 0 (13) 0 (20) -

24/12 0 (26) 0 (6) 0 (20) -

Vitamin D (< 50 nmol/L) Preoperative 31.9 (15/47) 40.0 (8/12) 25.9 (7/27) 0.306

6/12 21.4 (9/42) 21.4 (3/14) 21.4 (6/28) 1.000

12/12 30.6 (11/36) 25.0 (3/12) 33.3 (8/24) 0.609

24/12 25.9 (7/27) 0 (6) 33.3 (7/21) -

Iron (< 5 umol/L) Preoperative 11.8 (6/51) 10 (2/20) 12.9 (4/31) 0.753

6/12 11.4 (5/44) 17.6 (3/17) 7.4 (2/27) 0.297

12/12 15.0 (6/40) 18.8 (3/16) 12.5 (3/24) 0.588

24/12 9.7 (3/31) 11.1 (1/9) 9.1 (2/22) 0.863

Ferritin (< 15 ug/L) Preoperative 14.8 (8/54) 15.0 (3/20) 14.7 (5/34) 0.977

6/12 11.6 (5/43) 12.5 (2/16) 11.1 (3/27) 0.891

12/12 22.5 (9/40) 31.3 (5/16) 16.7 (4/24) 0.279

24/12 30 (9/30) 33.3 (3/9) 28.6 (6/21) 0.794

Hb (Male) (< 130 g/L) Preoperative 0 (15) 0 (5) 0 (10) -

6/12 0 (11) 0 (5) 0 (10) -

12/12 16.7 (2/12) 25.0 (1/4) 12.5 (1/8) 0.584

24/12 12.5 (1/8) 0 (1) 14.3 (1/7) 0.686

Hb (Female) (< 119 g/L) Preoperative 7.5 (3/40) 13.3 (2/15) 4.0 (1/25) 0.278

6/12 15.6 (5/32) 25.0 (3/12) 10.0 (2/20) 0.258

12/12 10.0 (3/30) 15.4 (2/13) 5.9 (1/17) 0.390

24/12 4.8 (1/21) 14.3 (1/7) 0 (14) 0.147

B12 (< 350 pg/ml) Preoperative 32.6 (15/46) 25.7 (4/15) 35.5 (11/31) 0.550

6/12 20 (7/35) 20.0 (2/10) 20.0 (5/25) 1.000

12/12 40 (12/30) 55.6 (5/9) 33.3 (7/21) 0.255

24/12 42.9 (12/28) 37.5 (3/8) 45.0 (9/20) 0.793

Active B12(< 35 pmol/L) Preoperative 11.8 (4/34) 7.7 (1/13) 14.3 (3/21) 0.562

6/12 0 (33) 0 (14) 0 (19) -

12/12 14.3 (4/28) 11.1 (1/9) 15.8 (3/19) 0.741

24/12 15.0 (3/20) 0 (6) 21.0 (3/14) 0.147

Folate (< 7 nmol/L) Preoperative 4.4 (2/45) 0 (19) 7.7 (2/26) 0.216

6/12 0 (43) 0 (16) 0 (27) -

12/12 2.6 (1/38) 0 (12) 3.8 (1/26) 0.491

24/12 0 (24) 0 (5) 0 (19) -

Hcy (14 umol/L) Preoperative 8.6 (3/35) 6.3 (1/16) 10.5 (2/19) 0.653

6/12 9.1 (3/33) 0 (11) 13.6 (3/22) 0.199

12/12 14.8 (4/27) 12.5 (1/8) 15.8 (3/19) 0.826
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A large portion of this cohort was seeking both procedures
as revisional surgery, and hence the higher level of nutritional
disorders seen in this cohort compared to other studies is a
consequence of their previous surgery. These surgeries were
predominantly LAGB, followed by the sleeve SG, both of
which do cause nutritional deficiencies, however, due to dif-
ferent mechanisms [7, 10, 13].

This highlights the nature of the condition of obesity,
which may require multiple interventions for its long-term
treatment, and hence the need to manage the expected nutri-
tional consequences long term.

Postoperative Nutritional Disorders

The most common nutritional disorders observed in our study
following both bypass surgeries were B12, active B12, Hcy,
vitamin D, iPTH, iron and ferritin, which is consistent with
other findings [3, 4, 8]. We did not find any significant differ-
ences in nutritional disorders between the RYGB and the
OAGB cohort. To the best of our knowledge, only two other
studies have extensively investigated the nutritional conse-
quences of the OAGB [3, 18], and a systematic review by
Jia et al. reported the limitation and inconsistencies in the
current literature [26].

Robert et al. in a multicentre randomised, non-inferiority
trial comparing the RYGB to the OAGB (BPL 200 cm), re-
ported that despite a comparable weight loss and resolution of
metabolic disorders, prevalence of adverse events was signif-
icantly higher in the OAGB group and 21% of these were
nutritional related [18]. Other groups have reported more

anaemia (44% vs.17%), hypoalbumanemia (32% vs. 15%)
and hypocalcaemia (19% vs. 8%) when comparing OAGB
to RYGB [27].

Protein–energy malnutrition has been reported following
the OAGB, with some patients having their procedure revised
due to its severity [24, 28]. The malabsorptive nature of this
procedure has been the contributing factor, compared to the
RYGB, and the longer the BPL (300 cm cf 150–200 cm), the
more severe the malnutrition [18]. In this cohort, albumin
disorders were minimal, and furthermore, no difference was
found between the two procedures. In the OAGB cohort, low
albumin was seen in only 3.7% at 1 year and 4.2% at 2 years
following surgery. Our findings are similar to those of Kessler
et al. (3.4%) [3] and a review by Parmar et al. (0–3.8%) [24].
A higher level of abnormalities was seen in total protein levels
(21.4% at 1- and 12.5% at 2-year postoperative stage), which
is consistent with others; 25.6% at 12–20 months following
surgery [3]. No patient required readmission to hospital for
enteral or parenteral nutritional support; however, one patient
required additional nutrition support in the form of oral high
protein supplementation to meet their macronutrient
requirements.

Albumin levels below normal values should not be used as
the only indicators for malnutrition. Albumin and CRP does
fluctuate in states of inflammation, hence cannot solely be
used to diagnosemalnutrition [29].We recommend that future
studies use a validated malnutrition assessment tool in diag-
nosing malnutrition.

In this study, folate deficiency was rare both before and
after surgery. In contrast, a folate deficiency of 30.9% pre

Table 3 (continued)

Time Total Percentage of disorders p value§

RYGB OAGB

24/12 5 (1/20) 0 (4) 6.3 (1/16) 0.608

Albumin (< 37 g/L) Preoperative 0 (56) 0 (22) 0 (34) -

6/12 0 (45) 0 (15) 0 (13) -

12/12 4.5 (2/44) 5.9 (1/17) 3.7 (1/27) 0.736

24/12 2.9 (1/34) 0 (10) 4.2 (1/24) 0.512

Total protein (< 68g/L) Preoperative 12.5 (7/56) 18.2 (4/22) 8.8 (3/34) 0.301

6/12 27.3 (12/44) 40.0 (6/15) 20.7 (6/29) 0.173

12/12 22.7 (10/44) 25.0 (4/16) 21.4 (6/28) 0.786

24/12 11.4 (4/35) 9.1 (1/11) 12.5 (3/24) 0.769

CRP (> 10 mg/L) Preoperative 32.0 (15/46) 15.8 (3/19) 44.7 (12/27) 0.041

6/12 19.4 (7/36) 18.2 (2/11) 20.0 (5/25) 0.899

12/12 6.9 (2/29) 0 (9) 10.0 (2/20) 0.326

24/12 0 (21) 0 (4) 0 (17) -

RYGBRoux-en-Y gastric bypass,OAGB one anastomosis gastric bypass, iPTH parathyroid,Hb haemoglobin,Hcy homocystein,CRPC reactive protein
§ Pearson Chi-square; *p < 0.05
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and 11.8% at 12–20 post surgery in 86 OAGB patients have
been reported by others [3]. Patients in our cohort as well as
others, reported good adherence to the supplementations and

hence this difference may be due to the population difference
in dietary intake of folate and/or the difference in multivitamin
supplement formulation.

Fig. 2 Evolution of nutrient
disorders following RYGB and
OAGB procedures. a Mean
Ferritin levels. b Mean total
protein levels. c Mean vitamin D
levels. RYGB Roux-en-Y gastric
bypass, OAGB one anastomosis
gastric bypass. Ferritin: *p: 0.006,
**p: 0.008; Protein: ***p: 0.001,
****p: 0.001, *****p: 0.003;
Vitamin D: ******p: 0.034,
*******p: 0.066
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Low iron was present in 12% of our OAGB cohort com-
pared to a much higher level of 33.9% by others [3].
Prevalence of iron deficiency anaemia is reported to be 5–
10%, with varying treatment modalities, based on the severity
and the response to the treatment [23, 24]. In our study, we did
not find a difference in Hb levels between the two cohorts.
This is contrary to the findings of others of a higher Hb defi-
ciency in the OAGB cohorts (n = 10.0 vs. n = 20.6 p 0.036)
[18]. In the OAGB cohort, anaemia was observed in 5.9%
(1/17 female) at 1-year post surgery, which is again lower than
reported by others at 42.9% [3]. These differences may be
related to smaller sample size in our study compared to others
and adherence to supplementation in the OAGB group.

Low ferritin levels were observed in 16.7% at 1 and 28.6%
at 2 years following OAGB, which is much higher than other
studies; 7.8% at 12–20 months post surgery [3]. We did not
find a difference between the two procedures in contrast to
others [18].

Previous literature has reported vitamin B12 deficiency in
20% of the RYGB patients [8]. The potential causes of this
may be bypassing the gastric fundus, the primary site for in-
trinsic factor production, which aids in B12 complex absorp-
tion [5], malabsorption related to common medications (met-
formin and proton pump inhibitors) as well as dietary restric-
tions induced by the surgery, which may result in food intol-
erances and suboptimal protein intake in longer term [30].
Hence supplementation and ongoing monitoring is required.

Low vitamin B12 levels (< 350 pg/ml or < 250 pmol/L)
was observed in 33.3% at 12 months and 45.0% at 24 months

following the OAGB, which was much higher than reported
by others at 28.4% [3]. Similarly, to others, no difference was
seen between the procedures [18].

Serum B12 may not be adequate to identify metabolic de-
ficiencies of vitamin B12 [5] and hence active B12 level and
Hcy were also measured. We observed lower disorder levels
of 15.8% at 12 months and 21.0% at 24 months post OAGB
compared to the literature and no difference in between the
groups. This might be population related, with higher individ-
ual B12 stores, or related to a more comprehensive multivita-
min formula and/or better adherence to the recommended
supplementations.

Metabolic bone health is one area that is still under inves-
tigation and data on best management continues to emerge.
Prior to and post bariatric procedures, Vitamin D and iPTH
deficiencies are common and need close attention long term
[5]. There are limited studies reporting on these nutrients post
OAGB [3, 18], while a reduction in bone mass has reported
[31]. In our study, disorders in vitamin D and iPTH were
observed following both procedures. Vitamin D deficiency
in this OAGB cohort was 25.9%, which is lower than reported
by others (54.7% at 12–20 months post surgery) [3]. The
RYGB group had a higher level of vitamin D deficiency
(40% vs. 25.9%), while the OAGB impacted on iPTH more
(31.3% vs. 25%). This could be due to the larger cohort of
patients seeking RYGB as revisional surgery following a
sleeve gastrectomy and hence carrying through the nutritional
impact of their primary procedure.

To the best of our knowledge, no other studies have inves-
tigated the change over time of the levels of nutrients in the
postoperative phase following OAGB. However, some stud-
ies have aspects of these issues e.g. Kessler et. al. [3] and Syn
et. al. [32]. In this study, both groups, over the 2-year period
showed a significant reduction in mean values of protein, fer-
ritin and vitamin D, however an improvement in mean values
of CRP, insulin and FBGL. However, no significant change
was observed in other nutrition markers. Furthermore, we did
not observe a difference when comparing the two surgical
groups.

Diet Adequacy

The qualitative dietary assessment revealed an unbalanced
diet in 62% of all patients in this cohort with no difference
between the RYGB vs. the OAGB group. Changes in dietary
intake and lifestyle long term are essential for optimal surgical
outcome, and ongoing counselling and support need to be
provided through a multidisciplinary approach [33]. The lim-
ited studies reporting on dietary intake beyond the 1-year post
show a lower intake of protein, higher intake of fats and car-
bohydrates [30]. Further and more robust dietary assessment
studies, to investigate the nutritional intake of this cohort, are
necessitated.

Table 4 Reported gastrointestinal symptoms following RYGB and
OAGB procedures

Time post op RYGB
% (n)

OAGB
% (n)

p value§

Diarrhoea 6/12 23.45 (4) 41.2 (14) 0.214

12/12 14.3 (2) 36.7 (11) 0.130

24/12 16.7 (1) 33.3 (6) 0.437

Steatorrhoea 6/12 6.3 (1) 35.3 (12) 0.029*

12/12 7.1 (1) 33.3 (10) 0.062

24/12 (0) 17.6 (3) 0.321

Reflux 6/12 11.8 (2) 23.5 (8) 0.318

12/12 7.1 (1) 37.9 (11) 0.035*

24/12 (0) 22.2 (4) 0.246

Dumping syndrome 6/12 35.3 (6) 12.1 (4) 0.052

12/12 35.7 (5) 24.1 (7) 0.428

24/12 20 (1) 27.8 (5) 0.612

Food intolerances 6/12 41.2 (7) 42.4 (14) 0.933

12/12 35.7 (5) 42.9 (12) 0.657

24/12 20 (1) 38.9 (7) 0.364

RYGBRoux-en-Y gastric bypass,OAGB one anastomosis gastric bypass.
§ Pearson Chi-square. *p < 0.05
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Reported Gastrointestinal (GI) Symptoms

We identified the common gastrointestinal symptoms to
be nausea, vomiting, reflux, diarrhoea, steatorrhoea and
food intolerances, with some symptoms more prevalent
in the OAGB cohort due to its anatomical configuration
and malabsorptive effect.

Consistent with findings of others [3, 18, 23], steat-
orrhoea and diarrhoea were more common in the OAGB
than the RYGB cohort. Robert et al. compared the

RYGB and the OAGB bypass, and at 2-year post op,
diarrhoea and related nutritional complications were ex-
clusively found in the OAGB group with 4 (10%) pa-
tients requiring revisional surgery. The longer BPL in
the OAGB compared to the RYGB has been thought
to be the main contributor, resulting in reduced absorp-
tive mucosal surface, reduced activity of pancreatic and
enteric enzymes, lactase deficiency, small intestinal bac-
terial over-growth and irritable bowel symptoms due to
undigested carbohydrates [3, 34].
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Fig. 3 Prevalence and evolution
of reported gastrointestinal
symptoms following RYGB and
OAGB procedures. a Reflux and
bile reflux. b Diarrhoea and
steatorrhoea. c Dumping
syndrome and food intolerances.
RYGB Roux-en-Y gastric bypass,
OAGB one anastomosis gastric
bypass, DS dumping syndrome,
FI food intolerances. **p 0.029
*p 0.035
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Reflux was also more common in the OAGB cohort
and significantly so at 1-year post op, and bile reflux
was reported in 2 patients in the OAGB and none in the
RYGB cohort. Reflux and in particular bile reflux are
some of main concerns of this procedure and further
studies have been recommended [16, 23].

Following bariatric surgery, DS occurs as a result of the
alterations to the gastric motor function as well as its physiol-
ogy [22, 35]. The reduction in the gastric capacity and the
rapid introduction of energy-dense nutrients to the small bow-
el exert local osmotic effect and delayed hypoglycemia.
Consumption of simple sugars, high-fat foods and in general
energy dense foods can result in DS. This is exacerbated when
these items are consumed rapidly and in large volumes. The
symptoms of DS are varied in each case but do include ab-
dominal pain, nausea, epigastric fullness, dizziness, flushing,
dyspnea, tachycardia, apathy, weakness and syncope [35].
This study reports DS to be more common in the RYGB
cohort; however, the OAGB patients too experience this
[18]. There is limited literature investigating DS following
OAGB but there is the assumption that early DS is less com-
mon; however, there is no consensus when comparing the two
procedures for the frequency of late DS [36]. In both proce-
dures, the gastrojejunostomy can result in the rapid transfer of
hyperosmolar food from the gastric pouch into the jejunum;
however, this may more rapid in case of the RYGB due to the
smaller pouch and hence may explain the higher rate of early
DS in this cohort.

The anatomical and physiological alterations of the gastro-
intestinal system following gastric bypass surgery lead to ex-
pected changes in food tolerance. The symptoms are more
significant in the early stages and improve with time [37]. In
this study, regardless of the procedure, over 40% of patients
reported some food intolerances in the early stages with im-
provements over time, and there was no difference between
the groups. Consistent with our findings, studies using a val-
idated questionnaire have found an improvement in diet toler-
ance over time, with some reporting good or excellent satis-
faction with quality of alimentation by over 79% of patients
[3, 12, 38]. However, poor tolerance to red meat does persist
and contribute to nutritional deficiencies [38].

Poor diet tolerance, significant gastrointestinal symptoms
and malnutrition, have been the main reasons for revising an
OAGB. In the YOMEGA study by Robert et al., 4 patients
(10%) had their OAGB converted to a RYGB due to gastro-
intestinal or nutritional complications [18]. In this study, only
one patient had their OAGB converted to a RYGB. However,
poor adherence to dietary recommendations and high con-
sumption of energy dense foods on the background of poor
psychological health also contributed to this.

The limitations of our study were primarily due to the ret-
rospective nature of the study, with reliance on reported data
as well as missing data. Secondly, the patients were not

randomly allocated to each surgical group, and a large number
had the bypass procedure as a revisional surgery. Thirdly, a
small sample size, partly due to loss-to-follow-up as reported
in the literature for this cohort, and partly due to COVID 19
and its restrictions, imposed on clinics and patients move-
ments. Finally, as the majority of both bypass cohorts have
had revisional surgery, there is a likelihood that some the
nutritional and/or gastrointestinal consequences may be attrib-
uted to their primary procedure. Notwithstanding, the RYGB
cohort reported less overall symptoms despite more patients
undertaking it as a revisional procedure than that of the
OAGB.

However, with limited studies published on nutrition status
following the OAGB, we feel that this study presents a real-
istic observation of non-research funded, private bariatric
clinics and hence encourages others to reflect on clinical
practice.

Conclusion

Significant but similar weight loss is seen following both
OAGB and RYGB. However, the OAGB patients experience
more gastrointestinal side effects, which may contribute to
poor quality of life and nutritional consequences. The nutri-
tional deficiencies were common in this cohort and increased
over time. To further investigate the nutritional and gastroin-
testinal health of the OAGB, the authors call for future pro-
spective studies, with more comprehensive biochemical data,
longer term follow-up and a superior follow up rate of this
new procedure.
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