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Abstract

Background: Considering increasing rates of obesity and patients undergoing metabolic surgery, Southern Africa data concerning
outcomes are limited. SASSO routinely collects baseline and follow-up data from patients undergoing metabolic surgery procedures
and aim to compare data between patients receiving either a GBP or BPD/DS surgery, at baseline and at 3-year follow-up and provide
possible future insight in individualized patient surgery selections.

Methods: Retrospective analysis was conducted of available data including clinical and biochemical parameters, during a five-year
period, pre-COVID-19 pandemic timeframe. Cohorts were stratified according to type of surgery, presence of T2DM and sex and
compared between baseline and 3-year post surgery follow-up.

Results: Loss to follow-up in three years were 75%. Overall weight loss was higher in the BPD/DS vs GPB group (47% vs 28%).
Overall reduction in co-morbidities for BPD/DS surgery was demonstrated, however the BPD/DS cohort showed a greater reduction
overall and significantly lowered Fasting-Glucose (F-Glucose). Direct correlation was observed between clinical parameters (weight,
BMI, waist-, neck- and hip circumference) and number of co-morbidities. BPD/DS cohort presented with a greater reduction and
remission in co-morbidities, irrespective of glycemic control and gender.

Conclusion: Demographic landscape of obesity and associated comorbidities especially T2DM is high in South Africa. Metabolic
surgery is a solution to improve patient outcomes and curb these costs. SASSO presents demographic data that could be used to assist
in assigning a specific surgery type, on an individualized basis, to improve outcomes including sustained remission of co-morbidities.
Highlights

1) Surgery type can be assigned to improve desired patient outcomes

2) Sex and T2DM have an effect on assigning surgery type

3) Other comorbidities present at baseline might affect surgery selection
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Introduction

The increase in Non-Communicable Diseases (NCDs) in South
Africa is of growing concern. Obesity prevalence prediction
rates for the population by 2025 are high for both females
(47.7%) and males (25.6%) [1]. Rich diversity in ethnicity, with
variation in nutritional habits and transition to Western type diets,
contributes to these predictions and adds to overall increased
obesity rates [2,3]. Considering sociopolitical factors and resource
availability, South Africa has a unique demographic profiling for
obesity prevalence, as well as state and private funders resource
availability for the management of the disease and associated
co-morbidities [4]. In 2019, The Fourth IFSO Global Registry
Report described amalgamated metabolic surgery data from 51
countries including 394 431 patients with surgeries performed
from 2014 onward [5], however data from sub-Saharan Africa, and
even the African continent is sparce. The Centre of Excellence of
the South African Society for Surgery, Obesity and Metabolism
(SASSO) performs more than 65% of all metabolic surgeries in
the country [4] and routinely collects data concerning baseline
patient characteristics, clinical outcomes, morbidity and mortality
associated with metabolic surgeries performed. Despite existing
high-volume centers in other countries like Egypt, large scale
published outcome data has to emerge, making the data from our
unit in Gauteng, with current experience of over 3500 surgeries
in advanced techniques such as laparoscopic Roux-en-Y Gastric
Bypass (GBP), Single Anastomosis Duodenal-Ileal Bypass With
Sleeve (SADI-S) and Biliopancreatic Diversion with Duodenal
Switch (BPD/DS) over a period of 10 years, valuable to report on.

Obesity is associated with many co-morbidities including Type
2 Diabetes Mellitus (T2DM), cardiovascular disease, psychiatric
conditions, muscle-skeletal disorders, metabolic disease syndromes
and obstructive sleep apnea, where the interrelationships also
fuel the progression states of diseases. T2DM considered an
epidemic on its own, is considered a chronic metabolic disease
associated with its own complications, morbidities, and mortality.
Correlations between T2DM and other comorbidities including
hypertension, dyslipidemia [6,7], and NASH have been described
[6,8-9]. Resolution of these co-morbidities have been demonstrated
after metabolic surgery irrespective of preoperative Body Mass
Index (BMI) [10]. The type of surgery performed, however, offers
different dynamics, both in terms of the anatomical, physiological
and hormonal alterations which could result in differences in
clinical outcomes, post-surgical required care, as well as differing
rates of resolution of co-morbidities. Defining predictive clinical
parameters, especially the use of baseline BMI for assigning
specific procedures or surgery type, will be ever changing, as more
scientific information becomes available [11]. Comparing baseline
and clinical outcomes of different types of surgeries will continue to
enhance our understanding of this difficult scientific field. Current

literature supports the use of metabolic surgery as a successful
intervention for one of the costliest complications of obesity,
T2DM [12,13]. The associated healthcare cost has escalated
globally [14,15]. Currently, 463 million adults (20-79 years) have
been diagnosed with diabetes, with projections reaching up to 700
million by 2045, with 79% of cases being reported from lower
income countries, like South Africa and 50% of cases remaining
undiagnosed, highlighting the expected current and future health
economic burden of this co-morbidity on an already challenged
healthcare system [16].

The aim of this study was to perform a direct comparison of
clinical and biochemical parameters, nutritional status and co-
morbidity resolution between patients receiving either a GBP or
BPD/DS surgery, at baseline and at 3-year follow-up. Despite the
baseline demographic profile, including nutritional wellbeing,
together with expected resolution of T2DM during long term
follow up, will become paramount in the future selection of the
type of metabolic surgery offered to the patients as part of an
individualized or patient-centered approach.

Methods

Retrospective analysis was conducted of available data collected,
during a 5-year interval period before the Covid-19 pandemic
commenced, from the patients undergoing either GBP or BPD/
DS surgery at the center. Prior written informed consent was
obtained from all patients. Ethical approval was obtained from
Netcare Limited Committee and Health Sciences Research Ethics
Committee of the University of Pretoria (205/2018). Available
clinical records, blood biochemistry results and radiological
investigations at baseline and at 3-year follow-up visits were
evaluated. Metabolic surgery was indicated when: a) BMI > 35
kg/m? with two or more co-morbidities present at baseline, or b)
a BMI > 40 irrespective of the presence of co-morbidities. The
presence of T2DM favored a BPD/DS surgery due to the higher
rate of remissions previously documented [12,17-20]. Clinical
parameters that were considered for analysis included: weight
(kg), waist and hip circumferences (cm), blood pressure (both
Systolic Blood Pressure (SBP) and Diastolic Blood Pressure
(DBP) (mmHg) and heart rate (pulse/min), these were measured
and recorded, as previously described [4,20]. Percentage body
fat was measured with a GE Lunar Prodigy® scanner (serial
number 77060GA) for patients weighing <180 kg. Biochemical
parameters with reference ranges that were considered for analysis
included: glucose (F-Glucose) (3.9-6.0 mmol/l), HbAlc (4.0-
6.0%), triglycerides (F-TG) (0.5-1.6 mmol/L), Low-Density
Lipoprotein (LDL) cholesterol (1.6-2.9 mmol/l), High-Density
Lipoprotein (HDL) cholesterol (1.0-1.6), Alanine Transaminase
(ALT) (<50 U/1), aspartate transaminase (AST) (<38 U/l), gamma-
glutamyl transferase (GGT) (<60.0 U/l), C-Reactive Protein
(CRP) (<5 mg/l), uric acid (0.16-0.36 mmol/1), red cell folate (317-
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1894 nmol/l), vitamin D (>20 ng/ ml with upper limit: 50-60 ng/
ml),vitamin A (300-800 pg/1), vitamin E (5.5-15 mg/1), vitamin B12
(107-418 g/), calcium (2.15-2.50 mmol/l), ferritin (30-400 ng/1)
and albumin (35-52 g/1). All samples were collected after standard
recommended fasting period and tests were performed on serum.

Co-morbidities were diagnosed using database formatted criteria
of single entry standard clinical and biochemical parameters prior
to surgery (Baseline) and evaluated for remission on follow-up
(3 years post-surgery). Hypertension remission was considered
with blood pressure (BP) <130/85 mmHg (Karotkoff sounds 1
and 4), T2DM remission with normalization of F-Glucose (3.9-
6.0 mmol/l) and HbAlc (4.0-6.0%.) and dyslipidaemia remission
with normalization of F-TG (0.5-1.6 mmol/l), LDL cholesterol
(1.6-2.9 mmol/l) and HDL cholesterol (1.0-1.6mmol/l). Diagnosis
of non-alcoholic fatty liver disease (NAFLD) and nonalcoholic
steatohepatitis (NASH) was considered using clinical findings,
serum liver function tests (ALT, AST and GGT) and liver scans as
previously described Hounsfield density.

Cohorts were identified according to 1) surgical procedure (GBP
vs BPD/DS) and further stratified according to; 2) presence of
T2DM (non-T2DM vs T2DM); and 3) sex (Male vs female) and
finally compared over time intervals, baseline assessment and
3-year post surgery follow-up. Data analyses were performed
using XLSTAT (by Addinsoft) with results reported as calculated
means =+ standard error of the mean (SEM). Unpaired Student’s
t-test was used to compare means of different cohorts (e.g., GBP vs
BPD/DS) at respective time intervals (Baseline vs 3-year follow-
up), p-values of <0.05 were considered significant.

Results

A total of 979 surgeries were performed by a single surgeon with
support from the same the same multidisciplinary team, during a

S-year period before the Covid-19 pandemic. Cohorts identified
according to surgical procedure included 649 (66%) GBP patients
vs 330 (34%) BPD/DS patients, presence of T2DM were found
among 325 (33%) patients vs 654 (67%) patients classified as non-
T2DM and the sex distribution included 268 (27%) males and 711
(73%) females. Of the non-T2DM patients, 486 (74%) underwent
GBP vs 168 (26%) BPD/DS and of the T2DM patients, 163 (50%)
GBP vs 162 (50%) BPD/DS. Of the male patients, 133 (50%)
underwent GBP vs 135 (50%) BPD/DS compared to the females,
516 (73%) GBP vs 195 (27%) a BPD/DS.

Total cohort GBP vs BPD/DS — Baseline and 3-year-post
surgical follow-up

Comparative clinical and biochemical parameters for total
patient cohort undergoing either GBP or BPD/DS are presented
in Table 1. Significant differences (p-value<0.0001) for baseline
clinical parameters were documented for the BPD/DS cohort,
demonstrating increased weight, BMI, neck-, waist- and hip-
circumference, systolic blood pressure, heart rate and the total
number of documented co-morbidities. At 3-years post-surgical
follow-up, no significant differences were observed among clinical
measurements except for lower blood pressure (both systolic and
diastolic) and lower heart rate (p-value<0.01). A much higher
% weight loss was observed in the BPD/DS (47.1%) vs GBP
(28.1%) cohort from baseline to 3-years post-surgical follow-
up. Hypertension resolution was demonstrated in the BPD/DS
cohort. Significantly higher mean fasting glucose and HbAlc were
observed among the BPD/DS patients, demonstrating the higher
T2DM prevalence. Hyperlipidemia was present in both cohorts
at baseline, however at 3-years post-surgical follow-up, the BPD/
DS cohort demonstrated significant reduction of hyperlipidemia,
shown in Table 1.

Table 1: Baseline and Clinical outcome of total cohort receiving laparoscopic Roux-en-Y gastric bypass (GBP) and biliopancreatic
diversion with duodenal switch (BPD/DS) surgery over a 5-year interval period.

Total cohort at baseline (n=979) Total cohort at 3 y follow-up (n=248)
GBP BPD/DS GPB BPD/DS
(n=649) (n=330) (n=188) (n=60)
117.83+0.67 161.43+1.67 Hith 84.7+1.17 85.34+1.84 P=NS
42.13+0.16 55.95+0.45 Hitt 29.8+0.31 29.23+0.44 P=NS
45.04+0.2 52.67+£0.36 #Hit 36.15+0.29 36.24+0.45 P=NS
121.27+0.52 147.83+1 Hitt 96.27+0.84 96.43+1.35 P=NS
127.53+0.46 150.28+0.99 Hith 102.89+0.78 101.39+1.35 P=NS
143.374+0.61 148.63+£0.97 Hitt 129.85+1.09 124.79+1.53 #H
85.89+0.44 86.42+0.71 P=NS 77.96+0.65 74.09£1.3 Hi
77.6+£0.48 81.94+0.68 Hitt 67.65+0.68 63.49+1.29 #H
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5.7+0.07

5.72+0.04

1.72+0.04

1.22+0.01

3.38+0.04

34.71£1.39

31.18+0.81

24.85+0.47

9.09+0.3

0.39+0.01

1562.61£29.12

22.49+0.62

596.24+8.07

13.43+0.19

338.87+7.22

2.324+0.01

141.35+6.19

39.8+0.14

Values expressed in mean = SEM

p# < 0.05; p## < 0.01; p### < 0.0001; Unpaired t-test

p-value presenting non-significant (P=NS)
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Non-T2DM vs T2DM - Baseline and 3-year-post surgical follow-up

Comparative cohort results for non-T2DM and T2DM at baseline and 3-year-post surgical follow-up are presented in Tables 2 and 3.
Clinical parameters for both non-T2DM and T2DM were significantly higher (p-value<0.0001 for all indices) in the BPD/DS patients,
indicated in Table 2, however no significance differences were observed at 3-years follow-up between the surgical types demonstrating
a higher decrease in respective indices. Considering BMI, the BPD/DS cohorts reduced within non-T2DM 48.8% and within T2DM
46.5% while 30.6% and 26.7% reductions were observed respectively for the GBP cohorts, presented in Table 3. The BPD/DS patients
demonstrated a significant decrease in and HbA1c among both Non-T2DM and T2DM cohorts with 20% and 62.9% reduction respectively
(p-value<0.0001). However, the BPD/DS patients demonstrated a greater HbA 1¢ reduction in the non-T2DM cohort (20%) vs the GBP
surgery group of the T2DM cohort (17%). Similarly, a significant difference in reduced serum F-Glucose were observed among BPD/
DS patients at 3-years follow-up within both non-T2DM (p-value<0.01) and T2DM (p-value<0.0001) cohorts. The BPD/DS patients
demonstrated a 49% reduction in F-Glucose among Non-T2DM cohort and 58.2 % for the T2DM cohort vs 30% and 44% respectively
for the GBP patients, thus demonstrating the superiority of BPD/DS surgery procedure to counter T2DM and gain glycemic control.
Both Non-T2DM and T2DM groups demonstrated a significant decrease in cholesterol (p-value<0.0001) and improvement in lipid
profile (F-TG, F-HDL, and F-LDL) at 3- year-post surgical follow-up, shown in Table 3.

Table 2: Baseline data of Non-T2DM and T2DM patients receiving laparoscopic Roux-en-Y gastric bypass (GBP) and biliopancreatic diversion
with duodenal switch (BPD/DS) surgery over a 5-year interval period.

To:alSI;I)on-TZDM cohortatbaseline Total T2DM cohort at baseline (n=325)
GBP BPD/DS GPB BPD/DS 5 E
(n=486) (n=168) (n=163) (n=162) §
116.87+0.75 161.98+2.22 i 120.66+1.41 160.85+2.51 & P=NS | ###
42.04+0.18 56.79+0.57 it 42.37+0.34 55.02+0.69 P=NS | 0.05 i
44.18+0.22 51.23+0.49 HtH 47.57+0.43 54.21+0.5 o eieie i
119.69+0.59 146.2+1.39 HtH 125.91+1.03 149.55+1.44 P=NS [ P=NS | ###
127.82+0.52 152.53+1.36 it 126.67+0.97 147.91+1.41 P=NS | = it
142.1840.67 146.56+1.3 i 146.89+1.33 150.82+1.43 e o} P=NS
85.09+0.5 85.67+1.03 P=NS 88.22+0.9 87.22+0.96 ok P=NS [ P=NS
77.03+0.53 81.69+0.99 it 79.29+1.05 82.21+0.94 0.05 P=NS | #
5.09+0.02 5.24+0.04 #Hit 7.45+0.23 7.82+0.26 A elole] P=NS
5.4+0.02 5.54+0.03 #i 6.66+0.12 7.11+0.14 kK eieie #
1.56+0.04 1.47+0.07 P=NS 2.18+0.12 2.1340.11 A jeiele] P=NS
1.25+0.01 1.13+0.02 it 1.1140.02 1.01+0.02 ko jelete} #Ht
3.42+0.04 3.27+0.07 P=NS 3.27+0.07 3.09+0.08 P=NS | P=NS | P=NS
30.72+1.23 33.56+1.9 P=NS 46.47+3.99 47.98+3.76 o oo P=NS
28.79+0.86 31.12+1.27 P=NS 38.24+1.84 38.07+2.35 HEE ool P=NS
23.38+0.47 25.35+0.91 P=NS 29.18+1.17 30.33+2.04 D o} P=NS
8.74+0.32 15.81+1.05 it 10.12+0.7 14.06+0.85 P=NS | P=NS | ##
0.37+0.01 0.66+0.23 P=NS 0.44+0.04 0.42+0.01 P=NS | P=NS | P=NS
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‘ 1523.36+33.25 1689.38+58.97
23.06+0.79 20.65+0.73

598.53+£9.13 588.59+17.28

9760.11175

~ o

-
(o o
EIT
E
‘ 39.81+0.24 P=NS

Values expressed in mean + SEM

p# < 0.05; p## < 0.01; p### < 0.0001; Unpaired t-test LRYGB vs BPD/DS
p* <0.05; p** <0.01; p*** < 0.0001; Unpaired t-test LRYGB Non-T2DM vs LRYGB T2DM
P <0.05; paa < 0.01; pa < 0.0001; Unpaired t-test BPD/DS Non-T2DM vs BPD/DS T2DM

p-value presenting non-significant (P=NS)

Table 3: Clinical outcomes at 3-year post-surgery of Non-T2DM and T2DM patients receiving laparoscopic Roux-en-Y gastric bypass (GBP) and
biliopancreatic diversion with duodenal switch (BPD/DS) surgery over a 5-year period.

GBP GPB
(n=127) (n=61)

‘ 82.52+1.39 89.25+2.08

T
aon
I
s
e
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‘ 77.38+0.81 79.19£1.08
68.28+0.85 66.31+1.1

‘ 4.7£0.04 5.39+0.15
5.1+0.03 5.53+0.14

‘ 1.08+0.05 1.2+0.07
1.68+0.04 1.46+0.04

‘ 2.72+0.07 3.21+0.37

e
BT

0.3+0.01 0.31+0.01
‘ 1899.62+59.68 2220.09+69.81
48.15+2.02 49.19+2.34

‘ 619.48+16.94 615.25+10.07
12.07+0.25 12.45+0.3
‘ 328.27+18.1 336.28+18.38

2.294+0.01 2.27+0.03
‘ 125.72+10.08 150.43£17.12
40.65+0.29 40.17+0.36

Values expressed in mean + SEM

T
4
[72)

T
z
[77)

=)

o

T
Z
)

s~]

T
Z
75}

I

p# < 0.05; p### < 0.01; p#H# < 0.0001; Unpaired t-test LRYGB vs BPD/DS
p* <0.05; p** <0.01; p*** <0.0001; Unpaired t-test LRYGB Non-T2DM vs LRYGB T2DM
pa < 0.05; prx < 0.01; paa < 0.0001; Unpaired t-test BPD/DS Non-T2DM vs BPD/DS T

p-value presenting non-significant (P=NS)
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Male vs. Female - Baseline and 3-year-post surgical follow-up

Comparative cohort results for males and females at baseline and 3-year-post surgical follow-up is presented in Tables 4 and 5. Significant differences at baseline,
comparing surgery types, for most of the clinical indices were observed in both male and female cohorts (p-value<0.0001), however these differences dissipated
at 3 years follow-up. The BPD/DS cohort had significantly lower levels of fasting glucose for males (p-value<0.0001) and females (p-value<0.01), and HbAlc
for both genders (p-value<0.0001) at 3-years post-surgery follow-up. Cholesterol profiles were high for all cohorts at baseline. At 3-years follow up, the lipid
profile (F-TG, F-HDL and F-LDL) were all within normal ranges for all cohorts, but the BPD/DS showed significant reduction for male (p-value<0.01) and
female (p-value<0.0001) cohorts. Serum Vitamin D levels were low across all cohorts at baseline but showed a non-significant increase at 3-years follow-up. The
GBP cohorts had significantly higher vitamin D levels at 3-years follow-up for both genders. Vitamin A and E were significantly lower in the BPD/DS cohorts at
baseline and at 3-years. Vitamin B12 in the BPD/DS cohorts for both gender groups were significantly higher compared to the GBP patients. Calcium levels were
significantly lower in the BPD/DS group for both genders at 3-years. Increase in ferritin levels were higher among women however both BPD/DS cohorts showed
significantly higher levels compared to GBP patients. Albumin levels remained normal from baseline to 3-years, although both genders in the BPD/DS cohorts had
significantly lower levels (p-value<0.01), presented in Table 4 and 5.

Table 4: Baseline data of Male and Female patients receiving laparoscopic Roux-en-Y gastric bypass (GBP) and biliopancreatic diversion with duodenal switch (BPD/DS)
surgery over a 5-year interval period.

Total Male cohort at baseline (n=268)

GBP BPD/DS GPB T &3 S
(n=133) (n=135) (n=516) (n=195) S
135.1541.57 180.3742.77 s 113.320.16 148.59+1.51 H oo
43.09+0.38 57.05+0.83 st 41.8740.18 55.17+0.49 *x 0.05
51.46+0.4 58.26+0.42 s 43.4140.18 48.86+0.33 wox oo
135.2241.11 160.85+1.5 i 117.64+0.49 139+0.92 worx ooo
123.55+1 145.55+1.69 i 128.56+0.51 153.49+1.15 wor oo
150.24+1.43 148.07+1.53 P=NS 141.59+0.65 149.01+1.25 Hok P=NS
91.82+0.97 88.1+1.16 # 84.34+0.47 85.28+0.88 Hokn 0.05
77.31+1.06 80.93+1.06 # 77.68+0.53 82.63+0.9 0.75 P=NS
6.54+0.14 7.6+0.16 s 6.22+0.09 7.48+0.15 0.05 P=NS
49.010.64 51.56+0.59 4 51.240.26 52.5140.43 o P=NS
6.58+0.25 6.93+0.26 P=NS | 5.47+0.06 6.19+0.16 wox o
6.140.12 6.5540.15 # 5.62+0.04 6.14+0.1 wx o
2.2240.12 2.0240.12 P=NS 1.59+0.04 1.64+0.07 Hox o
1.01+0.03 0.99+0.03 P=NS 1.27+0.01 1.1320.02 Hok oon
3.2340.07 3.0340.09 P=NS | 3.42:0.04 3.28+0.07 * o
47.24+4.37 45.5+3.85 P=NS | 31.47+13 37.3142.38 *x P=NS
48.2542.27 40.7+1.79 4 26.77+0.72 30.37+1.81 Horx ooo
31.14+1.16 30.07+1.3 P=NS | 23.22+0.48 26.25+1.63 o P=NS
6.29+0.52 12.07+1.18 i 9.8140.35 16.92+0.78 Hox o
0.51+0.05 0.49+0.03 P=NS | 0.36+0.01 0.58+0.2 *x P=NS
8 Volume 09; Issue 15

J Surg, an open access journal
ISSN: 2575-9760



Citation: van Vollenstee FA, Tintinger GR, van der Merwe MT (2024) Metabolic Surgery in South Africa: Baseline Demographic Description and Three-Year

Outcomes for Patients Receiving GBP and BPD-DS Surgeries. J Surg 9: 11175 DOI: 10.29011/2575-9760.11175

1598.34+58.86 1570.23+51.53 P=NS 1553.59+33.33 1597.73+44.85 0.54 P=NS
23.27+£2.33 18.74+0.55 P=NS 22.28+0.49 21.33£1.03 0.68 ol
645.96+19.61 572.48+16.08 fiiiz 582.75+8.65 522.71£10.4 o ele]
13.54+0.48 12.75+0.42 P=NS 13.4+0.2 12.51£0.3 0.8 P=NS
338.2+15.19 314.73+£12.87 P=NS 339.04+8.2 311.94+11.6 0.96 P=NS
2.3+0.01 2.31+0.01 P=NS 2.32+0.01 2.32+0.01 0.2 0.31
313.65+20.51 276.91+20.18 P=NS 96.46+3.82 106.94+8.72 DS joleie
41.53+0.27 39.8+0.34 it 39.35+0.15 38.16+0.22 ok elelel

Values expressed in mean + SEM

p-value presenting non-significant (P=NS)

p# < 0.05; p## < 0.01; p##H < 0.0001; Unpaired t-test LRYGB vs BPD/DS
p* <0.05; p** <0.01; p*** <0.0001; Unpaired t-test LRYGB male vs LRYGB Female
P <0.05; pax < 0.01; psxx < 0.0001; Unpaired t-test BPD/DS male vs BPD/DS Female

Table S: Clinical outcomes at 3-year post-surgery of Male and Female patients receiving laparoscopic

duodenal switch (BPD/DS) surgery over a 5-year interval period.

Total Male cohort at 3-y follow-up (n=71)

Roux-en-Y gastric bypass (GBP) and biliopancreatic diversion with

GBP BPD/DS GPB BPD/DS % E
(n=44) (n=27) (n=144) (n=33) S
101.28+2.24 95.3342.16 P=NS 79.4841.09 77.4542.06 ok oo
31.9440.57 29.94+0.57 # 29.1120.35 28.72+0.62 ok P=NS
41.4+0.4 38.83+0.44 Hih 34.4240.22 33.97+0.47 L e
106.13+0.6 102.89+1.3 P=NS 93.1+0.85 91.54+1.79 ok e
105.86+1.42 104.61£1.53 P=NS 101.98+0.91 99+1.98 * o
135.2+1.89 129.1342.13 # 128.16+1.27 121.37+2.02 o o
81.61+1.13 77.141.55 # 76.81%0.76 71.71£1.92 ok o
66.1+1.45 63.17+2.03 P=NS 68.14+0.77 63.74+1.7 P=NS | P=NS
5.27+0.1 4.54+0.08 Hith 4.83+0.07 4.45+0.09 ok P=NS
5.2240.12 4.47+0.08 Hith 5.2520.06 4.42+0.08 P=NS [ P=NS
1.240.11 0.830.09 ## 1.08+0.04 0.8120.04 P=NS | P=NS
1.36+0.05 1.13+0.05 ## 1.6940.03 1.340.06 ok o
3.3620.49 1.510.08 ## 2.73+0.07 1.7120.08 P=NS [ P=NS
21.95+1.37 16.48+1.51 # 23.3144.53 16.1742.37 P=NS [ P=NS
32.98+1.99 34.6343.16 P=NS 24.77+1.01 36.7543.72 *x P=NS
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27.75+1.03 32+2.57 P=NS 24.81+0.69 30.61+2.31 * P=NS
1.9+£0.35 2.74+0.94 P=NS 3.64+1.29 1.04+0.04 P=NS P=NS
0.38+0.01 0.3+£0.01 iz 0.28+0.01 0.23+0.01 ok elele]
2098.33+88 1877.17+156.32 P=NS 1969.27+56.14 1872.95+137.9 P=NS 0.98
46.53+2.35 35.16+2.86 i 49.09+1.91 33.98+2.43 P=NS 0.75
647.28+23.31 402.7+£28.7 HtH 609.41£15.46 409.32+25.84 P=NS 0.86
11.54+0.36 7.51£0.22 it 12.39+0.23 8.59+0.4 P=NS ol
326.24+17.16 456.59+33.75 #H 332.31+16.94 497.57+36.92 P=NS 0.43
2.32+0.02 2.21+0.02 fiiiid 2.27+0.02 2.2+0.01 0.05 0.71
195.01+22.49 299.434+46.87 0.05 115.01+8.71 172.97+19.66 o o}
42.28+0.44 39.76+0.88 # 39.96+0.25 37.86+0.75 LR 0.1

Values expressed in mean + SEM

p-value presenting non-significant (P=NS)

p# < 0.05; p## < 0.01; p##H < 0.0001; Unpaired t-test LRYGB vs BPD/DS
p* <0.05; p** <0.01; p*** <0.0001; Unpaired t-test LRYGB male vs LRYGB Female
P <0.05; pa < 0.01; pasx < 0.0001; Unpaired t-test BPD/DS male vs BPD/DS Female

Comorbidities at Baseline and 3-years Post-Surgical Follow-Up

BPD/DS patients presented with more documented co-morbidities at baseline compared to GBP indicated as the bars graph in Figure 1. The number of co-
morbidities significantly decreased in both groups, but to a greater degree in the BPD/DS patients with 62.9% vs 50.5% for GBP patients presented as the line
graphs in Figure 1. These co-morbidity reductions was consistently illustrated in all BPD/DS surgery groups, irrespective of glycemic control, within the T2DM
(61.7%) and Non-T2DM (65.9%) cohorts and across both genders with comorbidity reductions observed both among males (62%) and females (66%).
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Figure 1: Percentage of patients presenting with respective co-morbidities at baseline and 3-year outcomes after receiving either a
laborascopic Roux-en-Y gastric bypass (GBP) or biliopancreatic diversion with duodenal switch (BPD/DS) surgeries.

Discussion

This study outlines the demographics of patients diagnosed with obesity that received either a GBP or a BPD/DS surgery at a SASSO
Center, over a five-year period. Clinical outcome data is presented at a 3 year-post surgical follow-up period, in addition further
stratification was done according to the presence of T2DM and according to gender. Comparing patient baseline characteristics and
follow-up outcomes for different surgery types, could provide valuable information for future assignment of surgery based on patient
profile. Overall weight loss was higher in the BPD/DS vs GPB group (47% vs 28%), favoring this surgery type for this outcome with
patients achieving an average reduction in BMI of 26.72 vs 12.33 for GBP patients. In this study, patients who underwent BPD/DS
surgery presented with significantly increased weight, BMI, neck-, waist- and hip circumferences, compared to the GBP cohort. BPD/
DS, is associated with a higher degree of malnutrition and would be the preferred choice of surgery where a greater need for more weight
loss is required in order to obtain a BMI considered as essential for permanent remission of diabetes, obstructive sleep apnea and several
other co-morbidities, replacing the need for chronic medication, CPAP devices and care [12,13,21]. Despite the more invasive nature of
the BPD/DS procedures, no significant difference in body composition could be observed in our study at 3-year post-surgical follow-up
confirming previous reports of metabolic surgery having a favorable effect on preservation of lean body mass [22,23].
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Previous studies have demonstrated correlations between weight
loss and improvement of costly co-morbidities [24,25]. Our data
positively confirms these findings, illustrating a reduction in co-
morbidities for BPD/DS surgeries, but further suggest consideration
of surgery type. For the BPD/DS cohort greater reduction overall
and significantly lowered F-BG were pertinent. Ultimately, an
improved rate of diabetes remission will by implication lead to
improved prevention and decreased occurrence of cardiovascular-
and metabolic disease [12,26-29]. The health economic impact for
persons living with obesity will have far reaching implications in
the future, as countries and governments battle the ever-increasing
rise of health care expenses that obesity is affording towards the
GDPs % expenditure worldwide.-

The constellation of obesity, hyperlipidemia, T2DM, hypertension,
pre-diabetes and obstructive sleep apnea are obesity related co-
morbidities that act as predictors of Non-Alcoholic Fatty Liver
Disease (NAFLD) and non- alcoholic steatohepatitis (NASH)
[30,31-32]. Using ALT, alone, or as a biochemical marker for
liver injury have been debated, since numerous studies have
demonstrated all stages of NAFLD could present in patients with
normal and even low ALT values [31]. Our findings confirmed
this. It is essential that clinical observation, liver sonar or hepatic
scans, and even liver biopsies be considered where a high index
of suspicion exists for the presence of NASH/NAFLD [33-35].
Both BPD/DS and GBP surgery types demonstrated T2DM
remission at 3 years. However, the lower F-G in BPD/DS cohort
at 3 years, signifies a more sustained improvement in the fasted
glycemic metabolism, and will ultimately concur with higher
potential remission rates that the malnutrition procedures have on
glucose metabolism [36]. BPD/DS surgery cohorts demonstrated a
greater reduction in BMI from baseline measurements. Supportive
argument from the studies of Rubino et al., demonstrate that the
clinical manifestation of T2DM can clear within days after surgery
before any significant weight loss, suggesting that changes in the
distal stomach, duodenum and proximal jejunum hormonal milieu
are influencing T2DM mechanisms [37]. The study data illustrates
that BPD/DS surgeries offers greater glycemic control in patients
with T2DM with a total HbAlc and fasting glucose reduction of
62.6% and 58.2% respectively vs GBP patients with 17% and 44%
respectively. Non-T2DM cohorts also demonstrated increased
glycemic control with BPD/DS surgeries with a total HbAlc
and fasting glucose reduction of 20% and 49% respectively vs
GBP patients with 5.5% and 30% respectively. Similar results of
increased glycemic control were observed in males who received
BPD/DS surgeries. HbA1c and fasting glucose reduced in PBD/DS
surgeries with 31.8% and 34.5% in males as well as 28% and 28.1%
in females respectively vs GBP surgeries with 14.4% and 19.9%
in males as well as 6.5% and 11.7% in females respectively. The
BPD/DS surgeries offer increased glycemic control irrespective of

T2DM and gender, although patients profiling as male with T2DM
would benefit the most from a BPD/DS surgery.

The new guidelines for hypertension diagnosis by the American
College of Cardiology and American Heart Association in 2017
have lowered the systolic and diastolic BP threshold to define
hypertension from >140/90 mmHg (set out by 2018 European
Society of Hypertension and European Society of Cardiology
guidelines) to >130/80 mmHg, with cardiovascular disease,
diabetes or risk of >10% of developing cardiovascular disease
within 10-years [38]. Considering this threshold, all baseline
measurements confirm that obesity is a definitive risk factor for
hypertension. After metabolic surgery procedures hypertension
subsides with the loss of excess weight, although the total cohort
demonstrated blood pressure measurements below <130/80
mmHg, the BPD/DS surgery cohorts demonstrated significantly
lower measurements than the GBP cohorts (p-value<0.0001).

C-Reactive Protein (CRP) have been identified as an independent
risk factor for cardiovascular disease and T2DM, correlating
with inflammation and metabolic syndrome [39-41]. The
interrelationship between CRP and metabolic syndrome
synergistically increases the cardiovascular morbidity and
mortality [42]. Metabolic syndrome is characterized by abdominal
obesity, diabetes, glucose intolerance, dyslipidemia, hypertension
and hyperuricemia. Obesity and waist circumference are directly
associated with elevated CRP levels, which have anti-inflammatory
and proinflammatory properties in vitro, including activation of
complement system [40,43]. In this study, elevated CRP level
correlates directly with increased BMI, waist and hip circumference
although no significant difference were observed between T2DM
and non-T2DM cohorts, indicating that CRP could not be used as
an independent risk factor for T2DM. Elevated CRP levels were
observed in both female surgery type cohorts at baseline, with
a significant (p-value<0.05) decrease in the female cohort with
BPD/DS surgery as well as the T2DM BPD/DS (p-value<0.0001)
cohorts at three years follow-up. Based on our findings, women
with an elevated CRP value at baseline, BMI>40 and T2DM may
require a more detailed study and profiling in the future.

Similar results were observed with uric acid indices, where
significant baseline correlations were observed with BMI,
independent of glycemic control. The greatest uric acid reductions
at 3-year follow-up were observed in the BPD/DS surgery patients
of both T2DM as well as gender profiles with Non-T2DM (59.1%)
and the female (60%) cohorts. The least reduction in uric acid was
observed in the GBP surgeries with the Non-T2DM (18.9%) and
male (25.9%) cohorts. Contrasting literature have been published
in some studies, suggesting uric acid to be a predictor for T2DM
[42,44]. Our baseline data demonstrates that patients with T2DM
had a tighter correlation with BMI per se, and that gender have an
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influence on uric acid values. A difference in dietary and alcohol
intake may exist and this will need clarification in future analyses.
A significant improvement in uric acid values were observed in
men within the BPD/DS cohort vs GBP, suggesting that men with
hyperuricemia or gout, independent of glycemic control, could
benefit more from a BPD/DS procedure, also considering the
benefit if other risk factors for cardiovascular disease are present.

All micro and macro nutrient elements measured were within
normal limits at 3-years. This stands testimony to the fact
that stringent follow-up, standardized replacement, and rapid
outpatient corrective treatment can be equally effectively achieved
in malnutrition procedures. Patients with a GBP had significantly
higher levels of Vitamin A, D and E, Calcium (p<0.0001) as
well as higher levels of ferritin and albumin (p<0.01) at 3-years,
though both surgical types remained within the normal range.
Higher levels were maintained irrespective of glycemic control
or gender. BPD/DS patients have significantly higher levels of
Vitamin B12 at 3-years post-surgery (p<0.0001), in keeping
with previously published data from our center [45]. A direct
correlation was observed between clinical parameters (weight,
BMI, waist-, neck- and hip circumference, weight) and number
of co-morbidities. The GBP cohort presented with significantly
lower number of co-morbidities than BPD/DS patients at baseline,
irrespective of glycemic control and gender orientation and would
support a clinical decision in favor of a malnutrition procedure for
patients with more co-morbidities. No significant difference in the
of number of co-morbidities between the two surgery types were
observed at 3-years, but as would be expected, the BPD/DS cohort
did present with less co-morbidities, irrespective of glycemic
control and gender. Possible limitations of this study could be
the retrospective analysis and the high loss of follow-up over
three years and performance of BPD/DS procedures, considering
patients at a BMI exclusively above 40. In addition, the fasting
insulin levels were not recorded on the single ended database and
the quick index were not calculated.

Conclusion

Our study of patients requiring metabolic surgery in South Africa,
over 5 years, demonstrates a better understanding of outcomes
across all ethnic groups in the country. Our work is ongoing and
subsequent data collection is continuing. With an ever-increasing
and high prevalence of T2DM, hypertension, hyperlipidemia and
sleep apnea, medical professionals will be facing a rapid increase
in cardio metabolic disease. The foreseeable future may present
with diminished public health care expenditure and limited
human resources, more so after the COVID pandemic. Private
healthcare funders will be considering the best health economic
return on their investment, being the payers of metabolic surgery.
In addition, funders in South Africa have a pay policy of ’one

surgery per lifetime without further financial support’ for revision
procedures. Decisions for primary choice of surgery type must
therefore be carefully based on evidence of achieving the most
durable co-morbidity remission rates. If we are to diminish our
ever-increasing burden of non-communicable diseases, we will
have to act with decisiveness and insight. Patients will have to be
serviced in centers that can offer them the most appropriate choice
of surgery at the most advanced level of care. Considering baseline
demographics and outcome data can aid these decisions around
surgery type as well as achieving the required remission of co-
morbidities associated with obesity.

All procedures performed in studies involving human participants
were in accordance with the ethical standards of the institutional
and/or national research committee and with the 1964 Helsinki
declaration and its later amendments or comparable ethical
standards. Informed consent: Informed consent was obtained from
all individual participants included in the study, for performing
tests, collection of personal data, analysis of all data and for
anonymous publication of that data.

Statements of Ethics

A retrospective analysis study was performed from data collected
from SASSO. The study was performed at Netcare Waterfall
Hospital in Midrand, South Africa. Ethical approval was obtained
from the Netcare Limited Ethics Committee and Faculty of Health
Sciences Research Ethics Committee of the University of Pretoria
(205/2018). Informed consent was obtained from each patients
prior to data collection. All patients were adults and could consent
for themselves.
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