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Abstract
Background and Aims Bariatric surgeries such as gastric banding (LAGB), gastric bypass (RYGB), vertical banded gastroplasty
(VBG), and sleeve gastrectomy (LSG) decrease body weight in morbid obesity, leading to the resolution of coexisting diabetes
mellitus and arterial hypertension in the majority of cases as well as improvements of renal function and liver steatosis. BS
(LAGB, RYGB, VBG, and LSG) also reduce incident cases of diabetes, of cardiovascular diseases, and of cancer; these
therapeutic and preventive effects on comorbidities of obesity have not been analyzed for malabsorptive surgeries such as
biliopancreatic diversion (BPD) or biliointestinal bypass (BIBP). The aim of this study was to analyze the incidence of comor-
bidities, i.e., diabetes, cardiovascular diseases, and cancer, in obese subjects undergoing BPD and BIBP, in comparison with
standard medical treatment of obesity.
Patients and Methods Medical records of 1983 obese patients (body mass index (BMI) > 35 kg/m2, aged 18–65 years, under-
going surgery (n = 472, of which 111 with diabetes) or medical treatment (n = 1511, of which 422 with diabetes), during the
period 1999–2008 (visit 1)) were collected; incident cases of comorbidities were ascertained through December 31, 2016.
Results Observation period was 12.0 ± 3.48 years (mean ± SD). Compared to non-surgical patients matched for age, body mass
index, and blood pressure, malabsorptive surgeries were associated with reduced new incident cases of diabetes (p = 0.001), cardio-
vascular diseases (p = 0.001), hyperlipidemia (p = 0.001), oculopathy (p = 0.021), and cancer (p = 0.001). The preventive effect of BS
was similar in both nondiabetic and diabetic patients for cardiovascular diseases and hyperlipidemia (both p = 0.001). The preventive
effect was significant in nondiabetic subjects for coronary heart disease and for cancer, not significant in diabetic subjects.
Conclusion Patients undergoing malabsorptive bariatric surgery show less incident cases of diabetes, cardiovascular diseases,
hyperlipidemia, oculopathy, and cancer than controls receiving medical treatment.
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Introduction

Bariatric surgeries decrease body weight in morbid obe-
sity and lead to resolution of diabetes mellitus and of
arterial hypertension [1–11] and improvement of renal
function [12] and of liver steatosis [13], with differences
in efficacy when employing different surgical tech-
niques, at least in terms of weight loss and resolution
of diabetes mellitus [1, 2].

Bariatric surgeries reduce long-term mortality (all-cause
and cardiovascular (CV) mortality) [9–14], with an effect that
seems unrelated to the surgical techniques that are employed.
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Also interesting is the demonstration of prevention of inci-
dent cases of diabetes [3, 9, 10, 15], of CV diseases [4, 6, 8, 9,
11], of microvascular complications of diabetes mellitus
[16–20], and of cancer [21–27]; however, prevention of co-
morbidities and early death has been evaluated for gastric
banding (LAGB), gastric bypass (RYGB), and vertical banded
gastroplasty (VBG), with some recent data for sleeve gastrec-
tomy (LSG, the most used technique nowadays [10]).

Prevention of diabetes mellitus, cardiovascular dis-
eases, and cancer has not been evaluated for mainly
malabsorptive bariatric surgeries such as biliopancreatic
diversion (BPD) or biliointestinal bypass (BIBP). BPD
[28] and BIBP [29–31] are two surgical techniques of
great efficacy, but no data are available on their effect
in prevention of comorbidities. Biliopancreatic diversion
(BPD), a malabsorptive surgery, is considered the most
effective bariatric technique in terms of weight loss and
metabolic effects [1, 2]. Biliointestinal bypass (BIBP) is
another malabsorptive bariatric technique, less frequent-
ly used than other surgical techniques for the treatment
of morbid obesity, highly effective in inducing weight
loss and in improving metabolic control [29–31].

Our aim was to analyze the incidence of comorbidities, i.e.,
diabetes mellitus, CV diseases, oculopathy, hyperlipidemia,
and cancer, in obese subjects undergoing BPD (Scopinaro
method [28]) and BIBP, in comparison with standard weight
loss medical treatment of obesity.

Patients and Methods

Istituto Multimedica (Milan, Italy), Ospedale Civile (Magenta,
Milan, Italy), INCO-Istituto Clinico Sant’Ambrogio (Milan,
Italy), and Istituto Humanitas Gavazzeni (Bergamo, Italy) offer
surgical and medical treatment of obesity. All institutions are
connected with Università degli Studi di Milano, Milan, Italy,
and belong to the LAGB10 study group [8], a network of
physicians and surgeons interested in the care of obesity with
bariatric surgeries and dietary/medical treatment in the
Lumbardy Region (Italy). BPD [28] and BIBP [29] have been
performed here since 1998, according to NIH guidelines [32],
and virtually, all BPD and BIBP procedures are performed in
these four institutions in the Lumbardy Region (Italy).

We considered all obese patients (body mass index (BMI)
> 40 kg/m2 alone or > 35 kg/m2 in the presence of comor-
bidities) aged 18–65 years, seeking medical advice and re-
ferred to the outpatient obesity clinics during the period
1999–2008 (first visit), undergoing thereafter BPD or
BIBP, or medical treatment. After evaluation of indications
and contraindications, patients were offered BPD or BIBP;
several patients declined the offer, mainly because of reluc-
tance, lack of comprehension of the benefits in the decrease
of body weight, fear of surgery and its complications, and

inability or unwillingness to comply with the anticipated
change of lifestyle habits or with the program of scheduled
visits. Patients who declined surgery for any reason, but
agreed to be followed up during medical treatment, were
considered controls. All patients were treated with diet and
received standard care (education on eating behaviors, ad-
vice on diet and exercise, plus drug treatment for diabetes
and hypertension when present).

The study protocol was approved by local Ethics
Committees in 2015 (Coordinating Center: Ospedale San
Paolo, Comitato Etico Interaziendale di Milano Area A,
official approval SC: 2015 ST 125). Being a retrospective
study, informed consent was obtained from all individual
participants included in the study who could be reached
by interview, phone, or letter. From the medical records,
birthdate and age, baseline anthropometric data (height,
weight, BMI), systolic and diastolic blood pressure, and
heart rate, metabolic data (fasting blood glucose, HbA1c
(%), cholesterol, HDL and LDL cholesterol, triglycerides,
transaminases AST and ALT, creatinine and estimated glo-
merular filtration rate (eGFR, Modified Diet in Renal
Disease Calculation Equation) [33]), current treatments,
clinical evidence of coronary heart disease (CHD), retinop-
athy, were derived and tabulated. Diagnosis of diabetes
mellitus and of coronary heart disease (CHD) was based
on medical records [8].

Outcomes

The presence of exemptions coded according the ICD-10
codes for diabetes mellitus, cardiovascular diseases, and can-
cer was searched in the Lumbardy Region Health
Administrative Database among obese patients (diabetic and
nondiabetic) undergoing bariatric malabsorptive surgeries vs
obese patients undergoing medical and dietary treatments.

Procedures

Patients were identified through personal identification codes;
codes were entered the Regional Lumbardy Administrative
Database, and it was possible to ascertain whether patients
were alive, were dead, or had moved to other regions.
Table 1 shows clinical details of patients in the study. The
National Health System (NHS) in Italy covers more than
95% of all hospital admissions, medical and surgical proce-
dures, and medical expenses of citizens [34] (Italian Survey
2012). A Regional Lumbardy Administrative Database con-
tains since 1988 all pertinent data of all citizens. For each
citizen, four databases are linked through a single identifica-
tion code, and the following databases include: (a) an archive
of residents who receive NHS assistance, reporting demo-
graphic and administrative data; (b) diagnosis at discharge
from public or private hospitals of the Region; (c) outpatient
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drug prescriptions reimbursable by the NHS, and (d) outpa-
tient visits, including visits in specialist ambulatory care and
diagnostic laboratories accredited by the NHS. Full details of
the procedures are reported elsewhere, as this procedure has
been previously validated [8, 35]. In the Italian National
Health System, development of chronic diseases (diabetes
mellitus, liver and cardiovascular diseases, cancer, selected
thyroid, renal, and lung diseases) yields the right to exemption
from medical charges (exemptions), which means life-long
free prescriptions and examinations for the above diseases.
Therefore, exemptions are considered the demonstration of
new cases (incident) of chronic diseases.

For each patient, exemptions after first visit were identified
and dated. Through registries of surgeons and the Regional
Lumbardy Administrative Database it was also possible to re-
trieve patients who had new bariatric surgery procedures.
Through the health districts (ASL) patients belonged to, it
was possible to track nature of exemptions. Data from health
districts were cross-checked with data from the Regional
Lumbardy Administrative Database, to rule out inconsistencies

and possible delays in transcriptions. The limit date of
December 31, 2016, was established for all patients for exemp-
tions. Exemptions were coded according to ICD-10 codes.

Statistical Analysis

Data are shown as mean values (± SD) for continuous vari-
ables, or absolute numbers and frequencies for discrete vari-
ables. Data were analyzed for normality through the
Kolmogorov-Smirnov equality-of-distributions test; since in
some instances distribution was not Gaussian, we used rank
sum test to compare variables between the two groups of
patients, and the signed rank test for repeated analyses.
Frequencies were compared with the Fisher exact test. Since
the number of no-surgery patients greatly exceeded the num-
ber of surgery patients, we tried to make patients comparable
for most variables in order to obtain meaningful data. Surgery
and no-surgery patients were matched (nondiabetic and dia-
betic patients separately, 1:3 for nondiabetic patients, and 1:4
for diabetic patients). Matching was made for age, systolic and

Table 1 Patients in the study
Surgery No-surgery p

Subjects (men/women) 472 (118/353) 1511 (516/995) 0.01

Age (years) 43.1 ± 10.61 44.4 ± 12.29 NS

BMI (kg/m2) 47.3 ± 7.46 46.8 ± 3.73 NS

Waist circumference (cm) 115.4 ± 12.66 114.6 ± 10.96 NS

Blood glucose (mg/dl) 117.7 ± 50.27 122.7 ± 48.15 NS

With diabetes 111 422 NS

With diabetes on pharmacologic treatment 40 163 NS

Systolic BP (mmHg) 133.9 ± 16.55 135.3 ± 16.88 NS

Diastolic BP (mmHg) 82.2 ± 9.08 82.4 ± 8.25 NS

Heart rate (bpm) 83.8 ± 12.31 76.1 ± 11.60 0.03

On anti-hypertensive treatment 75 289 NS

Hba1c (%) 6.7 ± 2.57 7.7 ± 1.97 0.02

Duration of diabetes (years) 10.6 ± 6.02 7.4 ± 7.19 0.03

EGFR (ml/min/1.73 m2) 87.9 ± 17.59 88.7 ± 23.23 NS

Cholesterol (mg/dl) 202.7 ± 45.41 212.2 ± 43.48 0.05

Hdl cholesterol (mg/dl) 48.2 ± 12.96 49.7 ± 12.89 NS

LDL cholesterol (mg/dl) 134.1 ± 42.37 136.4 ± 42.21 NS

Triglycerides (mg/dl) 155.4 ± 116.82 163.2 ± 141.16 NS

AST (U/l) 24.0 ± 15.38 27.1 ± 15.97 0.01

ALT (U/l) 33.6 ± 23.63 36.3 ± 27.01 NS

Anti-lipid treatment 18 85 NS

CHD 15 64 NS

Microalbuminuria (> 20 mg/day) 20 32 NS

Retinopathy 1 18 NS

Mean ± SD or absolute frequencies

Surgery and no-surgery patients were matched for age, BMI, and blood pressure.

BMI, body mass index; BG, blood glucose; HbA1c, glycated hemoglobin; eGFR, estimated glomerular filtration
rate (ml/min/1.73 m2 ); AST, aspartate transaminase; ALT, alanine transaminase; CHD, coronary heart disease
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diastolic blood pressure, and body mass index. Patients were
not matched for sex, as female sex is commonly more repre-
sented among surgery patients [1]. A multivariable analysis of
risk factors for development of comorbidities was performed
(logistic regression analysis) to assess the independent role of
variables significant at univariate analysis: age, sex, presence
of diabetes, presence of CHD, systolic blood pressure, eGFR,
BMI. A p value < 0.05 was considered statistically significant.
Statistical analyses were performed with STATA 12.0 for
Macintosh.

Power Calculation and Sample Size

Being a retrospective study, power calculation and sample size
were only calculated to understand if the study was meaning-
ful. Given the high efficacy of bariatric surgeries in the long-
term prevention of diabetes and of cancer [9, 22], we estimat-
ed that the occurrence of 100 exemptions in 500 bariatric
surgery subjects and 600 exemptions in 1500 subjects under-
going dietary and medical treatment would be required to
detect significant differences in the outcomes between the
two groups [36, 37]. This manuscript was prepared following
the guidelines of the STROBE statement [38].

Results

Median age of the whole cohort was 44 years. Patients receiv-
ing surgery differed from controls for sex (p = 0.01), for heart
rate (p = 0.02), for Hab1c and duration of diabetes (p = 0.02
and p = 0.03, respectively), for cholesterol (p = 0.05), and for
AST (0.01); all remaining variables had similar values.
Patients receiving BPD (316, 73/242 men/women) and
BIBP (156, 45/111 men/women) only differed for systolic
BP (131.3 ± 13.05 vs 135.9 ± 12.14mmHg, p = 0.003), diastol-
ic BP (79.9 ± 7.33 vs 83.9 ± 9.52 mmHg, p = 0.0404), choles-
terol (209.7 ± 22.46 vs 192.8 ± 33.43 mg/dl, p = 0.0180), heart
rate (81.0 ± 6.81 vs 85.6 ± 7.31 bpm, p = 0.0002), and frequen-
cy of CHD (4/311 vs 11/156, χ2 = 11.31, p = 0.001); all re-
maining variables had similar values. The baseline clinical
and metabolic data of patients in the study after matching for
age, bodymass index, and blood pressure are shown in Table 1.
During the first year of follow-up, there were three deaths
among surgery patients, which we can assume as surgery-relat-
ed, and eight deaths among controls (NS).

Incident cases of diabetes mellitus, CV diseases (CHD and
hypertension), hyperlipidemia, oculopathy (retinopathy and
glaucoma), and cancer were all significantly decreased in sur-
gery patients as compared with medically treated controls,
with no significant differences for liver and kidney diseases
(Table 2). Interestingly also, when analyzing separately inci-
dent cases of comorbidities between BPD and BIBP, there
were no differences between the two surgical groups (diabetes

mellitus 1/238 vs 1/123, NS; hypertension 15/279 vs 4/106,
NS; coronary heart disease 24/312 vs 7/145, NS; CV diseases
35/279 vs 6/106, NS; hyperlipidemia 1/316 vs 0/156, NS;
oculopathy 2/316 vs 0/156, NS; cancer 11/316 vs 3/156,
NS); only patients without pre-existing conditions were con-
sidered. Prevention of hypertension, CV diseases, hyperlipid-
emia, and cancer by BPD and BIBP was significant also when
nondiabetic and diabetic patients were considered separately,
while prevention of CHD was only significant in nondiabetic
patients, undergoing BPD or BIBP as compared with the con-
trol group.

We also performed univariate and multivariate analyses of
risk factors for the development of comorbidities (incident
cases of diabetes, hypertension, CHD, oculopathy (retinopa-
thy plus glaucoma), and cancer (Table 3)). Only risk factors
for incident comorbidities significantly associated with bariat-
ric surgery were considered. At univariate analysis, surgery
(negatively) and age (positively) were significantly associated
with all comorbidities, while female sex was negatively asso-
ciated with diabetes, hypertension, and CHD; systolic BP was
positively associated with diabetes and with CHD. At multi-
variable analysis, age was a risk factor for all comorbidities,
and surgery was a significant protective risk factor for all
comorbidities except for CHD; systolic BP was a significant
risk factor for diabetes and hypertension, sex was a protective
significant risk factor for CHD, and diabetes was a risk factor
for oculopathy.

Discussion

To our knowledge, this is the first long-term study on devel-
opment of comorbidities in obese subjects undergoing BPD
and BIBP, in comparison with obese subjects receiving stan-
dard medical treatment of obesity. We observed a lower inci-
dence of diabetes, cancer, CV diseases, hyperlipidemia, and
oculopathy in subjects undergoing BPD and BIBP than in
subjects receiving standard medical treatment of obesity.
BPD and BIBP had a superimposable effect.

Prevention of diabetes has been described for other surgical
techniques, especially for RYGB, VBG, and LAGB, and re-
cently for LSG [3, 9, 10, 15], and prevention of microangio-
pathic diabetic complications has been demonstrated for most
bariatric surgeries [16–20]. Prevention of arterial hypertension
and of CV diseases has also been described for the above
bariatric surgical techniques [4, 6, 8, 9, 11]. Prevention of
cancer has been described for the above techniques in large
studies and has been the subject of meta-analyses [21–27].

Mechanistic interpretations have been offered for these ef-
fects, with a pivotal role for weight loss, accompanied by
additional effects of bariatric surgery [39]; for instance, chang-
es of intestinal microbiota, accompanied by change of edonic
responses, have been suggested as a reason for persistent
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weight loss after RYGB [40]; decrease of intestinal inflamma-
tion has been proposed as a possible mechanism for reduction
of incidence of colon cancer [41]; improvement of IMTand of
FMD might be involved in lower incidence of CV diseases
[42]. In this respect, BPD and BIBP are able to induce remis-
sion of diabetes, to improve kidney function [28–31, 43], and
to reduce serum cholesterol to an extent that is disproportion-
ate to weight loss [43–45]. Additional effects of BPD (and
probably of BIBP) are as follows: enhanced incretin secretion
and satiety modulation [46], increased levels of adiponectin
[47], decreased apolipoprotein A-IV levels [48], increased cir-
culation of bile salts [49], and change of microbiota [50].
Although BPD is considered the most effective bariatric tech-
nique in terms of weight loss and metabolic effects [1, 2], its
acceptance remains limited [51], likely because of several fac-
tors, such as technical difficulties and early morbidity and
complications [52], and nutrition issues [53].

Due to the fact that different populations have been ex-
amined in different studies, it would be difficult to perform
direct comparisons of efficacy of different surgical tech-
niques (restrictive vs malabsorptive) in the prevention of
new incident cases of diabetes, cancer, CV diseases, hyper-
lipidemia, and oculopathy. The effect of surgery may also be

dependent on the age of patients at entry into the study, as
well on other clinical conditions that are usually not consid-
ered in studies similar to the present one. As shown in our
multivariable analysis of risk factors, surgery and age
prevented and increased incidence of comorbidities respec-
tively, with the exception of CV diseases. This is also a
reason why direct comparisons between different popula-
tions are not possible. However, the effect observed with
BPD and BIBP seems quite similar to the effect observed
with RYGB for diabetes, for oculopathy, for cancer, and for
hyperlipidemia and with RYGB-not-randomized studies for
CV diseases.

Limitations

This retrospective study was not randomized, even though
obese patients were from the same cohort; in fact, at the
beginning of the study, randomization was considered non-
ethical. Also, the sample size might be considered small
compared to other studies of similar duration, but the four
institutions cover virtually all BPD and BIBP procedures
performed in the Lumbardy Region. Small numbers of pa-
tients also depend on the fact that the institutions perform

Table 2 Exemptions from medical expenses after the initial visit in surgery versus no-surgery patients and in the four groups of patients

Exemptions p p p

Total
surgery

Total
no-surgery

DM
surgery

DM
no-surgery

NO-DM
surgery

NO-DM
no-surgery

Diabetes mellitus 2 133 0.001 n/a n/a n/a 2 133 0.001
ICD E10–E14a

CV diseases 41 344 0.001 14 62 0.022 27 282 0.001
ICD I00–I98b

Coronary heart
diseases (CHD)

31 167 0.004 11 59 NS 20 108 0.010

ICD I20–I25b

Hypertension 19 210 0.001 6 52 0.003 13 158 0.001
ICD I10–I15b

Diabetic oculopathy 2 30 0.021 1 18 NS 1 13 NS
E11.39c

Hyperlipidemia 1 83 0.001 0 25 0.009 1 58 0.001
E78.5d

Liver diseases 19 45 NS 3 9 NS 16 36 NS
ICD K00–K92

Renal diseases 4 34 NS 2 15 NS 2 19 NS
ICD N00–N99

Neoplasia 14 120 0.001 3 35 0.042 11 85 0.002
ICD C00–D49

a For diabetes mellitus exemptions, only nondiabetic patients at baseline are considered
b For CV disease exemptions (ICD I00–I98, ICD I20–I25, ICD I10–I15), only patients without pre-existing conditions are considered
c For oculopathy exemptions (retinopathy plus glaucoma), only patients without pre-existing conditions are considered
d For hyperlipidemia exemptions, only patients without pre-existing conditions are considered

n/a, does not apply
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BPD and BIBP also in patients coming from other re-
gions; patients migrating could not be followed up with
the same degree of confidence and were not considered.
On the other hand, BPD and BIBP are commonly per-
formed in super obese patients, and one should perform
a collaborative, nation-based study, to recruit greater num-
bers of patients, in order to confirm and extend these
findings. In addition, treatments received by control

patients could not be fully established, even though, by
registries of surgeons and the Regional Lumbardy
Administrative Database, it was possible to ascertain that
these patients had no bariatric surgery procedures. A
strength of this study is that it was totally unbiased, since
physicians assigning the exemptions were hundreds and
were not aware of the future performance of this retro-
spective analysis.

Table 3 Logistic regression analysis of risk factors for the development of comorbidities. Only incident comorbidities significantly affected by bariatric
surgery are considered

Univariate Multivariate

OR SE z p 95%C.I. OR SE z p 95%C.I.

(a) Diabetes mellitus
Surgery 0.04 0.03 − 4.63 0.001 0.01–0.15 0.03 0.03 − 3.29 0.001 0.01–0.25
Age 1.03 0.01 4.79 0.001 1.02–1.05 1.02 0.01 2.06 0.039 1.00–1.04
Systolic BP 1.02 0.01 3.36 0.001 1.01–1.03 1.01 0.01 2.05 0.041 1.00–1.02
Female sex 0.57 0.09 − 3,27 0.001 0.41–0.79 0.80 0.21 − 0.84 0.401 0.48–1.34
EGFR 0.99 0.01 − 1.94 0.053 0.98–1.00
CHD 0.74 0.45 − 0.50 0.619 0.22–2.43
BMI 0.97 0.01 − 2.29 0.022 0.94–0.99 1.03 0.03 0.97 0.332 0.97–1.08

(b) Arterial hypertension
Surgery 0.18 0.04 − 7.12 0.001 0.11–0.29 0.14 0.06 − 4.55 0.001 0.06–0.32
Age 1.04 0.01 6.36 0.001 1.03–1.05 1.03 0.01 2.84 0.005 1.01–1.05
Systolic BP 1.03 0.01 2.31 0.021 1.00–1.05 1.03 0.01 2.07 0.038 1.00–1.05
Female sex 0.67 0.09 − 2.75 0.006 0.51–0.89 0.85 0.22 − 0.62 0.538 0.52–1.41
EGFR 0.99 0.01 − 0.05 0.959 0.99–1.01
CHD 2.46 0.98 0.023 0.023 1.13–5.36 2.08 1.25 1.21 0.226 0.63–6.81
Diabetes 1.23 0.16 1.65 0.099 0.96–1.59
BMI 0.98 0.02 − 1.93 0.054 0.96–1.00

(c) Coronary heart disease
Surgery 0.58 0.12 − 2.71 0.007 0.39–0.86 0.69 0.14 − 1.81 0.070 0.46–1.03
Age 1.06 0.01 8.81 0.001 1.05–1.07 3.19 0.53 6.93 0.001 2.30–4.44
Systolic BP 1.01 0.01 2.00 0.046 1.00–1.02 1.01 0.01 0.81 0.417 0.99–1.02
Female sex 0.45 0.07 − 5.24 0.001 0.33–0.60 0.52 0.11 − 3.08 0.002 0.34–0.79
EGFR 0.99 0.01 − 1.88 0.061 0.98–1.00
Diabetes 1.87 0.31 3.80 0.001 1.35–2.59 1.29 0.30 1.12 0.264 0.82–2.04
BMI 0.98 0.01 − 1.72 0.086 0.95–1.00

(d) Neoplasia
Surgery 0.39 0.11 − 3,24 0.001 0.22–0.69 0.50 0.17 − 2.05 0.040 0.26–0.97
Age 1.04 0.01 5.43 0.001 1.03–1.06 1.04 0.01 3.70 0.001 1.02–1.06
Systolic BP 1.01 0.01 1.81 0.071 0.99–1.02
Female sex 1.06 0.22 0.31 0.755 0.72–1.59
EGFR 0.99 0.01 − 2.35 0.019 0.98–0.99 0.99 0.01 − 0.95 0.342 0.98–1.01
CHD 0.27 0.28 − 1.29 0.196 0.04–1.97
Diabetes 1.10 0.25 0.41 0.682 0.70–1.70
BMI 0.97 0.02 − 2.06 0.039 0.94–0.99 0.98 0.03 − 1.11 0.266 0.94–1.02

(e) Oculopathy
Surgery 0.21 0.16 − 2.10 0.036 0.05–0.90 0.22 0.16 − 2.05 0.040 0.05–0.93
Age 1.06 0.02 3.80 0.001 1.03–1.09 1.04 0.02 2.58 0.010 1.01–1.08
Systolic BP 0.99 0.01 − 0.27 0.784 0.97–1.02
Female sex 0.97 0.37 − 0.08 0.937 0.45–2.07
EGFR 0.99 0.01 − 1.36 0.174 0.97–1.01
CHD 3.81 2.37 2.15 0.032 1.12–12.91 3.03 1.93 1.74 0.081 0.87–10.54
Diabetes 4.21 1.52 3.96 0.001 2.07–8.59 3.28 1.23 3.15 0.002 1.57–6.85
BMI 0.99 0.03 − 0.23 0.818 0.94–1.05

BP, blood pressure; EGFR, estimated glomerular filtration rate (ml/min/1.73 m2 ); CHD, coronary heart disease; BMI, body mass index

940 OBES SURG (2019) 29:935–942



Conclusion

In conclusion, this retrospective study shows a lower inci-
dence of diabetes, cancer, cardiovascular diseases, hyperlipid-
emia, and oculopathy in obese subjects undergoing BPD and
BIBP than in obese subjects receiving standard medical treat-
ment of obesity, similar to what has been described for other
surgical techniques.
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