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Abstract

Introduction: To evaluate the effect of metabolic surgery on microvascular
changes associated with diabetic retinopathy (DR) and diabetic kidney disease
(DKD) in obese Asian Indians with type 2 diabetes (T2DM), one year after
metabolic surgery.

Methods: This is a follow up study in 21 obese Asian Indians with T2DM who
underwent metabolic surgery (MS). Diabetic microvascular complications were
assessed before and one-year post surgery using urinary albumin, protein
creatinine ratio, eGFR, retinal colour photography and Optical coherence
tomography (OCT).

Results: Microalbuminuria (54+26 vs 28+16 vs 21+6 ug/mg, p<0.001) and protein
creatinine ratio (0.4£0.1 vs 0.2+0.03 vs 0.1+0.02, p<0.05) reduced significantly
6 months and one year after Metabolic surgery (MS) respectively compared
to baseline values. Estimated Glomerular Filtration (eGFR) rate and creatinine
was stable and there was no decline in renal function one year after MS. DR
was present in eight individuals at baseline. After metabolic surgery, 12 % of
individuals achieved regression of DR and 12% individuals showed a one step
regression from severe to moderate non proliferative DR while 12 % individuals
progressed from moderate to severe non proliferative DR. Of the 14 (53.8%)
individuals who had micro or macroalbuminuria at baseline, 43% individuals
reverted back to normoalbuminuria. There was also a reduction in the usage of
anti- hypertensive medications after MS.

Conclusion: In obese Asian Indians with T2DM, metabolic surgery reduced urinary
microalbuminuria and protein creatinine ratios at one-year post MS. MS resulted
in stable D. Retionpathy status one-year post surgery. MS may help to improve
in stabilisation of the microvascular complications in obese patients with T2DM.

Introduction

Diabetes related microvascular
changes in the retina,
glomerulus and peripheral nerve are
caused by chronic hyperglycaemia.
Hyperglycaemia affects the vascular
endothelium leading to endothelial
dysfunction, an impairment in
vasodilatation, fibrinolysis, and anti-
aggregation' and also impaired nitric
oxide derived vasodilatation.*® The
two major randomized clinical trials,
the Diabetes Control and Complication
Trial (DCCT)* and the United Kingdom

Prospective Diabetes Study (UKPDS)*
have clearly shown the role of intensive
diabetes control in substantial decrease
in the microvascular complications
in individuals with type 1 diabetes
(T1DM) and T2DM respectively which
are the leading causes of morbidity.°

In both type 1 diabetes (T1DM)
and T2DM, diabetic retinopathy (DR)

is a very specific complication which
include damage to the nerve and
capillaries (neurovascular) and its
prevalence is strongly associated with
the degree of glycemic control and
duration of diabetes. A meta-analysis
which included 35 studies from different
countries around the world between
1980 to 2008 reported prevalence of any
DR to be 35.4% while that of prevalence
of proliferative diabetic retinopathy
(PDR) was 7.5%.” The Discover study®
done in T2DM with mean duration of
4.1 year from 38 countries showed the
prevalence of micro and macrovascular
complications to be 18.8% and 12.7%
respectively. Asian Indians are known
to be more prone to develop T2DM a
decade earlier compared to European
individuals.” The Chennai Urban
Rural Epidemiology Study (CURES)
has reported the overall prevalence
of diabetic retinopathy to be 17.6%,
neuropathy (25.7%), overt nephropathy
(2.2%) and microalbuminuria (26.9%) in
arepresentative population in Chennai,
South India.’ Both DKD and DR have
common risk factors like long duration
of diabetes, poor glycemic control and
hypertension. Obesity is an important
risk factor associated with DR and
DKD.

Bariatric surgery done for weight loss
has been shown to be effective in terms
of diabetes remission and improvement
in diabetes status with several changes
in metabolic parameters which led to
the use of term ‘metabolic surgery’
(MS) instead of ‘bariatric surgery’."
The American Diabetes Association
(ADA) and the International Diabetes
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Federation (IDF) have recommended
consideration of bariatric surgery
for control of T2DM in obese T2DM
individuals who were not able to attain
desired glycemic control with optimal
lifestyle measures or medications.™
Observational studies and randomized,
controlled trials have shown that
MS significantly improves glycemic
control, reduces cardiovascular risk
factors and mortality and favourably
reduces both micro and macrovascular
complications of T2DM and enhances
quality of life.'** O" Brien'® conducted
a retrospective matched cohort study
to compare the incident microvascular
complication between patient who
underwent bariatric surgery and
nonsurgical measures and reported
that bariatric surgery was associated
with significantly lower incident
microvascular complications compared
to patients treated with non-surgical
treatment methods. Coleman et
al’® have shown the evidence for
the ‘legacy effects’ of surgery as
there was 29% lower incidence of
microvascular disease in patients who
achieved diabetic remission than non-
remitters, and also a microvascular
risk reduction by 19% in those patients
who experienced relapse after diabetes
remission compared with the patients
who never had a diabetes remission.

There are virtually no studies in
Asian Indians regarding the impact of
metabolic surgery on the microvascular
complications. This study was carried
out at a tertiary diabetic centre to
evaluate the effects of MS on diabetic
microvascular complications outcomes,
specifically in the eye and kidney
among obese Asian Indians with T2DM
one year post surgery.

Methods

This is a short term observational
study of obese Asian Indian (South
India) individuals with T2DM who
underwent MS from November 2013 to
March 2019. 36 individuals underwent
bariatric surgery at a tertiary care
diabetes centre in Chennai, south India
of whom 30 individuals consented
to take part in the study and come
for regular follow up for one year.
Preoperative evaluation was done in all
the patients with a multi-disciplinary
bariatric surgical team which
includes bariatric surgeon, physician,
anaesthetist, psychologist and
dietician, a detailed history of diabetes,

hypertension, lipid disorder, thyroid
disorder, diabetes complications,
including duration co-morbidities
and diabetes medications, lipid
lowering medication, antihypertensive
medications were collected. Of the 30
patients who underwent metabolic
surgery, 26 individuals had T2DM and
4 patients had prediabetes. A subset of
21 T2DM patients who had data on DR
were included in the present study.
Informed consent was obtained from
all participants and the study was
approved by the Ethics Committee
of the Madras Diabetes Research
Foundation (MDRF) (MDRF/NCT/07-
02/2014).

Clinical and Biochemical Assessments

Measurements of weight, height,
and waist circumference were obtained
using standardized techniques. Blood
pressure was measured using a
sphygmomanometer and was recorded
in the sitting position in the right arm.
Two readings were taken 5 minutes
apart and the mean of the two was
recorded as the blood pressure. Body
mass index (BMI) was calculated using
the following formula: weight (kg)/
height (m?). A fasting venous blood
sample and urine sample was collected
after an overnight fast of at least 10
hours for the estimation of fasting
glucose and a 2hour postprandial
sample was obtained for postprandial
plasma glucose estimation. Analysis
of plasma glucose levels was done
by hexokinase method, serum
cholesterol by cholesterol oxidase
peroxidise amidopyrine method,
serum triglyceride by the glycerol
phosphate oxidase- peroxidase
amidopyrine method, high density
lipoprotein(HDL) cholesterol by direct
method- immunoinhibition, creatinine
by Jaffe method, urea by GLDH Kinetic
method, uric acid by Uricase UV, urine
protein by pyrogallol red method, urine
creatinine by Jaffe kinetic method,
microalbumin by immunoturbidometric
assay method using a Beckman Coulter
AU680 autoanalyser (Beckman kits).
Friedewald formula was used to
calculate Low-density lipoprotein
(LDL) cholesterol.’” HbAlc was
measured by high performance liquid
chromatography using the Variant II
Turbo (Bio-Rad, Hercules, CA, USA).
The intra and inter-assay coefficients
of variation for the biochemical assays
ranged between 3.1 and 7.6%.
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Retinal Examinations

A comprehensive ophthalmic
evaluation was performed prior to the
metabolic surgery in the Department of
Ophthalmology at Dr Mohan’s Diabetes
Specialities Centre, Chennai, south
India. The eye examination included
(i) visual acuity testing by illuminated
Snellen vision chart (ii) intra-ocular
pressure (IOP) measurement by non-
contact tonometry (NCT) and (iii)
slit lamp examination of the anterior
segment of the eye to assess the depth
of anterior chamber, the angles and
presence of media opacities like cataract
was performed. The eyes were dilated
for a detailed fundus examination by
the retina specialist. Retinal colour
photography of both eyes was taken
using a digital retinal camera (Zeiss
FF450 plus fundus camera, Carl Zeiss
Meditec, Jena, Germany) as previously
described.™

Optical coherence tomography (OCT)
scans of both eyes were performed by
the optometrist using Cirrus HD-OCT
500 (Carl Zeiss Meditec, Jena, Germany)
for a sub sect of individuals (n=11).
The central sub-foveal thickness (CFT),
central macular thickness (CMT),
macular volume (MV) and retinal nerve
fibre layer (RNFL) thickness of both
eyes were assessed. The individuals
who underwent metabolic surgery
underwent a follow up complete
ophthalmic evaluation including OCT
between 1 year after metabolic surgery.

Surgical techniques

Recently metabolic surgeries have
been classified as restrictive procedures
(RP), which dramatically reduce the
volume of the stomach to limit gastric
capacity and promote early satiety
but do not alter intestinal anatomy
and gastrointestinal diversionary
procedures (DP), which bypass
segments of the small bowel.*
Biliopancreatic diversion (BPD) is a
more extensive surgical procedure
that includes a partial gastrectomy
and bypasses a longer segment of
the small bowel to induce significant
malabsorption.?* Single Anastomosis
Duodenoileal Bypass with Sleeve (SADI
S) and Sleeve Gastrectomy with Loop
Gastroileal Bypass (SG LGIB) were
Modified procedure of Biliopancreatic
Diversion with Duodenal Switch (BPD
DS). Of the 26 individuals operated, 11
underwent Restrictive procedure (SG)
(11) and 15 underwent Gastrointestinal
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a. Microalbumin

Table 1: Clinical characteristics of study individuals before and after

b. Protein creatinine ratio

metabolic surgery 100 o

Variables Preoperative Post-Operative 8 0s
n=21 (%) 6 months 12 months o o
(n=21) (%) (n=21) (%) 2 60 54 o ’

Age at bariatric surgery 47.1£11.2 NA NA 3 g
Duration of Diabetes mellitus (years) 9.9 +5.4 NA NA . * 02 @
Male (%) 33 NA NA 2,, 2 o :
Weight (kg) 103£17 82+16* 78215% \
BMI (kg/m?) 41:6.8 3215.9% 3045.7* E—— po— pry— Baselne Smons 12months
Waist (cm) 125+14 109+13* 105+13* Postoperative Postoperative
Hip (cm) 127+15 114+15* 108+13* *p<0.001 compared to baseline *p<0.05 compared to baseline
Systolic blood pressure (mmHg) 128+16 118+14* 112+15* . . . . . .. .
Diastolic blood pressure (mmHg) 8040 - . Fig. 1: Nrtcroalbturlrll.urla and protein creatinine ratio before and
Fasting blood sugar (mg/dl) 172456 114+30* 107+27* artermetabolicsurgery
Postprandial blood sugar (mg/dl) 228+85 139+42* 125+47* * >
HbATc(%) 8.9+1.7 6.4+0.8% 6.30.8% * o ®
Total Cholesterol (mg/dl) 146234 143135 148:23 ® 0
Triglyceride (mg/dl) 166+75 115435* 118+54* - u
HDL-Cholesterol (mg/dl) 3547 4249+ 44412 e = u
LDL-Cholestreol (mg/dl) 77429 8630 85420 £’ § £ 1
Total Cholesterol/HDL-C ratio (mg/ ~ 4.2+1 3.7+1 3.6+1.1 L § . £,
dl ’ § 0
Urea (mg/dl) 2316 2345 2416 o L S = e e
Creatinine (mg/dl) 0.7+0.1 0.7+0.2 0.7+0.2 sBetablocker  mCalelum Channelslr:bskteov'l,;ggl)ve oDiuretic :ﬂ:;lz:::;ecem. Blocker (ARB) Fostoperane
eGER (mL/min/1.73m?) 107+15 105+19 105+18 eAngenen ConvernagIEyme (! (ACE e
Uric acid (mg/dl) 4.6+1.2 4114 4.2+1.3 Fig. 2: Use of different classes of hypertensive medications

**<(.05 Compared to baseline, *<0.001 Compared to baseline. before and after metabolic surgery

Table 2: Diabetic retinopathy grading in
individuals with T2DM before and
post metabolic surgery

Table 3: Intra ocular pressure, Ocular
Coherence Tomography (OCT)
parameters in individuals with

of Diabetic Retinopathy Study or
appearance or worsening of macular
edema? DR regression was defined as

Variables Pre-.operative Post.-operative T2DM the decrease of DR severity from grades
:;:E;’F:jlz% ::::;f;_ﬂz'{) Variables Pre-  Post-  p 1-4 to grade 0 in atleast one eye and no
- - operative operative value DR ing in th h 2
No diabetic 13 (62.0) 14 (66.8) worsening in the other eye.
. o ’ : Intraocular pressure 162 17+23 0.9643 . L
retinopathy n (%) (IOP) mm Hg (NCT) Microalbuminuria
h{gﬁg’;’ive 2009 1¢7) (n=21) Microalbuminuria was diagnosed
S, beti Central sub-foveal 234+36 252+26 0.0344 if the albumin excretion was between
rabetic o thickness (CFT) o 23
o : - an mg of creatinine.
retinopathy n (%) microns (n=11) 30 d 299 ug/mg of t
Moderate non- 3(143) 3(143) Central Macular ~ 245:51 27412 0.4744 Macroalbuminuria was diagnosed if
g?obl te_ra 1ve Thickness (CMT) albumin excretion was 2300 ug/mg of
reltaini;lthy n (%) microns (n=11) creatinine
A .
Macular Volume 9+2 10+1  0.0074 L. .
Severe non- 2(9.5) 2(9.5) (n=11) cu.mm Statistical analysis
proliferative ) L
diabetic Retinal Nerve 94+13  90+8 <.0001 All statistical analyses were
retinopathy n (%) f}llbekr Layer (RNFL) performed using SAS, version 9.4 (SAS
. . 1CKNness microns . .
Proliferative 1(4.7) 1(4.7) (n=11) Institute, Cary, NC, USA). Continuous
diabetic
. : ; : data are expressed as mean + standard
retinopathy n (%) Diabetic retinopathy P

diversionary procedures(DP) RYGB(12),
SADI S(2) and (SG LGIB) (1). The type
of surgery was decided by the bariatric
surgeon based on the duration of
diabetes, the desired weight loss and
other comorbid conditions of the
patient at baseline.

Definitions
Estimated Glomerular Filtration Rate (eGFR)

eGFRisestimated abbreviated MDRD
equation :186 x (Creatinine/88.4)™1>* x
(age)®2% x (0.742 if female) x (1.210 if
black)."

The grading of DR was done by
the retina specialist based on the
International Clinical Diabetic
Retinopathy (ICDR) severity scale.??!
The ICDR severity scales provides a
classification of five stages of DR as
follows: (1) no apparent retinopathy
(No DR) (2) mild non-proliferative DR
(NPDR) (3) moderate NPDR (4) severe
NPDR (5) proliferative DR (PDR). The
final diagnosis for each patient was
determined from the level of DR of the
worse eye using ICDR scale. Worsening
(progression) was defined as a two-step
change in the ETDRS Early Treatment

deviation while categorical data
are presented as proportions. To
compare characteristics between the
two groups, independent t tests was
used to compare means. Shapiro-Wilks
test was performed to find the normal
distribution and Spearman correlation
was used to compare OCT parameters.
Fisher Exact test was used to compare
the proportions of those with DR and
STDR. For all statistical tests, p value
of <0.05 was considered statistically
significant.



Results

The study group consisted of 21
T2DM individuals (males n=7, females
n=14) who underwent MS and had both
retinal and renal studies done. Table
1 presents the clinical characteristics
and biochemical parameters of the
study individuals. There is a significant
reduction in weight (p<0.001), BMI
(p<0.001), waist (p<0.001), Hip
circumference (p<0.001), systolic blood
pressure (p<0.001), diastolic blood
pressure (<0.05), fasting plasma glucose
(p<0.001), postprandial plasma glucose
(p<0.001), HbAlc (p<0.001), serum
triglyceride (p<0.001), and significant
increase in serum HDL-Cholesterol
(p<0.001) after MS.

Table 2 presents DR status before
and after surgery. Eight individuals
had DR at baseline (38%), of whom
seven individuals had stable DR during
post-metabolic surgery follow up while
one individual achieved complete
DR regression. In one individual DR
progressed (one step progression)
from moderate to severe NPDR and
in one individual there was a decrease
in grading of DR (one step regression)
from severe to moderate NPDR.

Table 3 presents the OCT parameters,
the central macular thickness (CMT),
central sub-foveal thickness (CFT),
the macular volume (MV) and retinal
nerve fibre layer (RNFL) thickness
which showed the changes after
metabolic surgery. The pre-operative
OCT parameters; mean CFT (234 +
36 n), mean CMT (246 + 51u) and the
mean MV (9 + 2cu.mm) increased post-
operatively to 252 + 26u (p=0.0344),
274 +13 u (p=0.4744) and 9.9 +1 cu.mm
(p=0.0074) respectively. There was
also a significant decrease in the RNFL
thickness from 94 + 13p to 90 + 8u
(p<0.001) post metabolic surgery.

Figures 1 a. and b. shows urine
microalbuminuria and protein
creatinine ratio in individuals before
and after MS. Microalbuminuria (54126
vs 28+16 vs 21+6 pg/mg, p<0.001)
and protein creatinine ratio (0.4+0.1
vs 0.2+0.03 vs 0.1+£0.02, p<0.05)
significantly reduced at 6 and 12
months post surgery compared to
baseline.

Significant reduction in blood
pressure was observed post metabolic
surgery as shown in Table 1. There
was a reduction in the use of different

classes of antihypertensive medications
after surgery. Figures 2a and b
presents the use of anti-hypertensive
medications before and after surgery.
Compared to baseline, use of beta
blockers (23% vs 19%vs 19%) and
calcium channel blockers (31% vs 8%
vs 8%) significantly reduced at 6 and12
months post-operatively. Diuretics
were taken by 16% of participants at
baseline which decreased to 4% at
6 months and were discontinued 12
months post-surgery. Angiotensin
Receptor Blocker (ARB) use reduced
from 50% at baseline to 27% and 19% at
6 and 12 months, respectively while the
use of Angiotensin-Converting Enzyme
Inhibitor (ACE-I) were discontinued
post-surgery.

Discussion

This study has evaluated the
impact of metabolic surgery on
diabetic microvascular complications
particularly renal and retinal changes
as well as the usage of antihypertensive
medications one year after MS in
obese Asian Indians with T2DM. The
important observations are as follows:
Firstly, there is a significant reduction in
the microalbuminuria levels 12 months’
post surgery, estimated Glomerular
Filtration (eGFR) rate was stable and
there was no decline renal function one
year post surgery. Secondly, diabetic
retinopathy status was stable in most
of the patients and DR regression
was observed in 12 % individuals.
Thirdly, the use of different classes
of antihypertensive medications were
reduced significantly one year post MS.

During End Stage Renal disease
(ESRD) there is interstitial fibrosis
in the kidney that leads to a decline
in Glomerular Filtration Rate (GFR)
results in Uremia.? In our study, there
isno change in the creatinine and eGFR
levels at 6 and 12 months post surgery
compared to baseline and these data
suggest that renal function is stable one
year after metabolic surgery. Afshinnia
et al?”” conducted a meta-analysis
involving 13 trials with 522 patients and
evaluated different methods of weight
loss and showed that there is a 1.1 mg
decrease in albumin excretion for every
1 kg decrease in body weight. Amor et
al*® conducted an observational study
in 96 T2DM patients who underwent
bariatric surgery. Before bariatric
surgery, the albumin/creatinine ratio
(ACR) was 85.7 + 17 mg/g with an ACR
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> 30 mg/g (microalbuminuria) present
in 45.7% of patients, which was reduced
to 42.2 =+ 14.8 mg/g and the number
of patients with microalbuminuria
decreased by 50% at 1 year after bariatric
surgery. Brethauer et al* conducted
a study in 217 T2DM patients and
showed 53% improvement in diabetic
nephropathy after bariatric surgery.
In our study, there was regression of
microalbuminuria to normalbumiuria
in 23% of individuals one year post MS.

The systemic review done by Kim et
al has shown that bariatric surgery has
beneficial effects on DR progression.®
Our study has also shown that the DR
remained clinically stable one year
after metabolic surgery. There was
no new incidence of DR during the
follow-up. One step progression of DR
was observed only in 12% individuals
one year post MS. This is the first
study from India that has looked at
the effect of metabolic surgery on
DR substantiated further with OCT
changes in people with T2DM. The
stabilization of DR was achieved could
attributed to sustained improvement of
HbA1C levels, reduced blood pressure,
improved kidney function and lower
lipid levels due to multifactorial
reduction in oxidative stress at the
cellular level seemingly superior to
refractory medical management in
obese individuals with T2DM. Whether
the sustained reduction in HbAlc
observed after metabolic surgery
translates to an improvement in the
DR needs to be determined by long
term follow-up of a large sample size
of individuals.

The present study has assessed 1
year follow up and there is no new
onset DR among 13 patients without
DR. One patient showed regression
another patient showed improvement
and one patient showed progression
of DR. Further long-term follow-up
after metabolic surgery will help in
assessment of the long-term effect of
metabolic surgery on microvascular
complications like DR. Hence we would
like to conclude that metabolic surgery
virtually intended just as a weight-
loss procedure has been found to be
effective not only for superior glycemic
control in morbidly obese individuals
with T2D but also with beneficial
effects on microvascular changes after
metabolic ¢ surgery.’?

Studies by Brynskov et al® showed
that patients with T2DM who underwent
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bariatic surgery had clinically stable DR
in the first postoperative year and had
a clinically negligible increase in foveal
thickening 6 months postoperatively.
Studies by Dogan et al® showed
an increase in the CMT, CFT and
MV during the 6 month follow-up
post bariatric surgery. The possible
explanation given by Dogan et al®*
that the adipose tissues could compete
with the retina for uptake of Lutein
and Zeaxanthin (highest concentration
found in the macula) thus resulting
in decreased macular pigment optical
density(MPOD) in obese individuals.

We have earlier reported that there is
an improvement in multiple parameters
like HbA1lc, triglycerides, systolic
and diastolic blood pressure (obesity
and central obesity) one year after
bariatric surgery.*® Apart from the
aforementioned improvements in
multiple parameters there is also
significant reduction in the waist
circumference (decrease in central
obesity) in our patients. Some studies
have shown central obesity leading to
increase in intra-abdominal pressure,
the decrease in central obesity
in our study patients could have
reduced the intra-abdominal pressure
leading to decrease in glomerular
pressure with subsequent reduction
in urinary albumin excretion. There
was also significant reduction in
the antihypertensive medication
one-year post surgery which shows
that metabolic surgery is effective
in reducing blood pressure due to
improvement in multiple metabolic
parameters following after metabolic
surgery.®

To our knowledge, this is the first
study from India to assess the effect of
metabolic surgery on both DKD and DR.
However, being a single-center study
with a relatively small sample size,
further long-term follow-up studies
with large sample size is required
to investigate the relationship of the
metabolic surgery to microvascular
complications of diabetes.

In summary, metabolic surgery
resulted in significant reduction in
weight, hypertension and improvement
in glycemic control, which stabilized
the diabetic retinal complications and
decreased urinary microalbuminuria
and stabilized glomerular function one
year post surgery.
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