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Abstract 
Introduction:	Bariatric	surgery	is	the	best	possible	option	for	reducing	weight	when	lifestyle	changes	and	
medication	have	not	brought	about	lasting	success	and	may	reduce	morbidity	and	mortality.	Weight	loss	
that	may	follow	bariatric	surgery	in	patients	on	calory	restricted	diet	would	result	in	reduced	inflammation	
and	therefore	lowering	inflammation-related	organ	damage,	including	that	of	the	kidney	and	liver.	The	
study	aimed	to	observe	the	consequences	of	BMI	change	on	Hepatic	and	Nephrological	parameters	in	
patients	after	One	Anastomosis	Gastric	Bypass	surgery.	Method:	This	study	was	done	at	a	bariatric	center	
with	150	individuals	(both	male	and	female)	aged	20	to	60	years	with	obesity	grades	II	and	III	who	were	
selected	 randomly.	Hepatic	 and	 renal	 function	 tests	were	 carried	 out	 at	 baseline	 visit,	 then	 3	months	
and	6	months	following	surgically.	Result:		Bilirubin	level	significantly	increased	from	baseline	to	visit	
1;	Serum	glutamic-pyruvic	 transaminase	 (SGPT)	 levels	 significantly	decreased	 at	 visits	 1	 and	2.	The	
albumin	to	Globulin	ratio	was	significantly	increased	at	visit	2	.	Blood	Urea	level	and	serum	creatinine	
level	reduced	considerably	at	visit	1	and	decreased	more	at	visit	2	from	baseline.	Conclusion:	Bariatric	
surgery	may	be	 related	 to	 improvement	 in	both	hepatic	and	renal	 function.	The	 improvement	may	be	
attributed	to	reduced	inflammatory	organ	damage	related	to	obesity.	More	such	studies	must	be	performed	
to	highlight	the	possible	health	benefits	of	bariatric	surgery	for	obese	patients	whose	lifestyle	modification	
and medication have not aided in weight loss.
Keywords:	Bariatric	surgery,	Obesity,	inflammation,	organ	damage,	weight	loss,	health	benefit,	renal	
function, liver function
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1. Introduction

Obesity	is	on	the	rise	around	the	globe.	It	poses	an	
imminent danger for concurrent medical conditions 
such	 as	 type	 2	 diabetes	 mellitus	 (T2DM),	 high	
blood	 pressure,	 coronary	 artery	 disease,	 stroke,	

lung disease, and other malignancies 1.	 The	 only	
method of treating morbid obesity that reliably 
works	is	surgery,	where	considerable	weight	loss	is	
attained and maintained, and the comorbidities and 
standard lifestyle factors associated with obesity 
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are	 improved	 2,3.	 Continued	 T2DM	 treatment	 and	
sustainable weight reduction have been achieved 
with outstanding feasibility by bariatric surgery. For 
the	treatment	of	obese	patients	with	T2DM,	various	
laparoscopic	 techniques	 for	 bariatric	 surgery	 have	
been reviewed 4.	 The	 Roux-en-Y	 gastric	 bypass	
(RYGBP)	 and	 the	 biliopancreatic	 diversion	 with	
or without the duodenal switch (BPD/BPD-DS) 
have	 shown	 promising	 outcomes	 regarding	 weight	
reduction and controlling blood glucose levels 5,6.
A	 novel	 technique	 called	 the	 mini	 gastric	 bypass	
or	 one	 anastomosis	 gastric	 bypass	 (MGB/OAGB),	
invented	by	Rutledge	in	1997,	is	a	modified	form	of	
the traditional RYGBP 7.	Regardless	of	 skepticism,	
various researchers have documented admirable 
reduction in weight and correction of obesity-
related	 multiple	 medical	 conditions,	 including	
T2DM	and	fertility	issues,	as	well	as	other	benefits	
8.	 Laparoscopic	 mini	 gastric	 bypass	 (MGB)	 is	 a	
comparatively	recent	and	preferred	surgery	at	various	
hospitals	because	of	short	operating	times,	relatively	
more	 straightforward	 procedures,	 excellent	 weight	
reduction,	 and	 fewer	 post-operative	 complaints	
9 (Figure 1). Nonetheless, weight reduction 
occasionally	comes	at	the	expense	of	malnourishment	
and	the	difficulties	that	accompany	it	10. Furthermore, 
its	 impact	 on	 liver	 function,	 particularly	 potential	
effects	 on	 non-alcoholic	 fatty	 liver	 disease	
(NAFLD),	 has	 not	 yet	 been	 extensively	 examined	
11.	 Up	 to	 90%	 of	 these	 individuals	 have	 NAFLD,	
which is very common and varies from moderate 
fatty liver alterations and steatosis to non-alcoholic 
steatohepatitis	(NASH),	with	the	potential	to	proceed	
to	liver	fibrosis	with	persistent	disease	12. 
Obesity	 is	 a	 distinct	 susceptibility	 indicator	 for	
developing	 chronic	 kidney	 disease	 (CKD),	 which	
causes altered hormone levels and growth factors 
resulting	 in	 hyperfiltration,	 focal	 segmental	
glomerulosclerosis,	 inflammatory	 processes,	 and	
change in renal hemodynamics 13. Additionally, studies 
have shown that bariatric surgery is associated with 
advantageous	 impacts	on	CKD	by	reducing	its	 risk	
factors through reducing body weight and lowering 
insulin	resistance,	proteinuria,	and	hemoglobin	A1C 
(HbA1C) 14. Management with bariatric surgery is the 
most	effective	treatment	option	for	morbid	obesity	15. 
In	individuals	with	obesity	and	kidney	dysfunction,	
bariatric	surgery	has	been	linked	to	a	58%	decline	in	
the	 risk	 of	 proteinuria	 and	 albuminuria	 and	 a	 54%	
decrease	 in	 the	 risk	of	hyperfiltration	 16. Moreover, 
because	 of	 the	 longer	 biliopancreatic	 limb	 (BPL),	

Figure 1:	 Schematic	 diagram	 showing	 beneficial	
effects	of	mini	gastric	bypass	(MGB).	This	figure	has	
been	drawn	with	the	premium	version	of	BioRender	
[https://www.biorender.com/ Accessed on 27 July 
2023]	with	 license	 number	OL25NPDHYE.	 Image	
credit:	Susmita	Sinha.

diverted	mini	gastric	bypass	surgery	patients	might	
encounter	a	more	acute	progression	of	losing	weight	
than	 RYGBP	 patients,	 which	 may	 seldom	 cause	
altered	 liver	 function,	 nutritional	 deficiency	 and	
renal	 problems	 17.	 Therefore,	 Mini	 Gastric	 Bypass	
Surgery	 in	 Obese	 Population	 efficiently	 enhances	
kidney	function	parameters	regardless	of	weight	loss	
and reduces related medical issues 18.
1.a. Effects of Obesity on Renal Pathophysiology
One	of	the	significant	risk	factors	of	kidney	disease	
globally	 has	 been	 noted	 to	 be	 obesity.	 This	 risk	
factor contributes to about 20-25% of chronic 
kidney	 disease	 (CKD)	 worldwide	 19. Between 
1999-2009	 the	 percentage	 of	 the	 obese	 population	
receiving	 renal	 transplants	 for	 end-stage	 kidney	
disease	 (ESKD)	 increased	by	around	44%	 20. After 
adjusting	 for	 hypertension	 and	 diabetes	 (major	
obesity-related CKD causes), obesity was observed 
to	be	an	independent	risk	factor	contributing	to	renal	
pathophysiology 21,22. Non-diabetic obese individuals 
were	noted	to	be	more	prone	to	develop	progression	
of	 CKD	 when	 compared	 to	 non-obese	 patients	 23. 
There	 are	 various	 immunological	 and	 endocrine	
dysregulations	 in	adipocytes	 that	may	 lead	 to	 renal	
tissue damage 24.
Impairment	 of	 differentiation	 of	 adipocyte	
progenitors	 to	 form	 insulin-sensitive	 functional	

https://www.biorender.com/
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adipocytes	occurs	in	obesity,	which	eventually	may	
result	in	lipotoxicity	with	lipid	deposition	on	organs	
like	 skeletal	 muscle,	 kidney,	 and	 liver.	 This	 leads	
to	 insulin	 signaling	 impairment	 and	 resistance	 to	
insulin in these organs 25.	Adipogenesis	impairment	
also	 may	 cause	 hypertrophy	 of	 adipocytes	 which	
in	 turn	 promotes	 the	 production	 of	 inflammatory	
cytokines	like	interleukin	6	(IL	6)	and	tumor	necrosis	
factor-α	 (TNF-α),	 promoting	 insulin	 resistance.	
The	 cytokines	 and	 signaling	 molecules	 from	
the	 adipocytes	 can	 mediate	 immunological	 and	
inflammatory	phenotypes	of	organs	like	the	kidneys	
and cause deterioration of renal functions. It was 
noted	that	in	obese	subjects,	independent	of	diabetes	
mellitus,	there	were	raised	levels	of	IL	6	and	TNF	α	
in	plasma,	which	were	associated	with	the	incidence	
and severity of CKD 26,27. Loss of weight or bariatric 
surgery	may	reduce	hyperfiltration	of	the	glomerulus	
by	lowering	inflammatory	cytokines	28.
Hypertrophy	 of	 adipocytes	 may	 lead	 to	 its	
outgrowth	 from	 its	 blood	 supply,	 causing	 hypoxia,	
inflammation,	 and	 death	 of	 cells	 29.	 There	 is	 the	
activation	 of	 hypoxia-inducible	 factor	 1α	 (HIF-
1α),	 which	 induces	 pro-inflammatory	 transcription	
promoting	inflammation 30,31.	Hypoxia	also	decreases	
insulin	sensitivity	by	reducing	 insulin	 receptors	via	
destabilization of mRNA, which encodes for insulin 
receptors	32. 
The	 relationship	 between	 obesity	 and	 CKD	 is	
bidirectional.	 CKD	 promotes	 lipotoxicity	 by	
decreasing the subcutaneous fat volume and 
redistributing	 the	 fat	 to	 viscera—ectopic	 fat	
deposition	on	organs	like	the	kidney	causing	further	
inflammation	 33.	 Exposure	 of	 adipose	 tissue	 to	
serum	containing	urea	has	been	reported	to	enhance	
activation	 of	 HIF-1α	 and	 NFκB	 that	 promote	
inflammation	 in	 adipocytes.	 In	 patients	 undergoing	
dialysis,	 adipose	 tissue	 exhibited	 more	 significant	
levels	 of	 markers	 of	 inflammation	 34. CKD also 
increases	 macrophage	 infiltration	 into	 adipocytes,	
promoting	 inflammation,	 glucose	 intolerance,	 and	
insulin resistance	 33,35,36. Uremia also causes the 
alteration	 of	 adipokines	 in	 adipocytes.	 Adipocytes	
incubated	 with	 serum	 containing	 urea	 displayed	
a	 rise	 in	 leptin	 secretion	 37-39.	 In	 CKD	 patients,	
accumulation	of	urea	also	promoted	oxidative	stress	
in	adipocytes	leading	to	the	formation	of	adipokines	
like	 retinol-binding	 protein-4	 and	 resistin,	 which	
induce resistance to insulin 36.	 Adipokine	 changes	
also	 affect	 sodium	 handling	 by	 the	 kidney,	 which	
may	lead	to	hypertension	which	in	turn	causes	kidney	

injury.	 High	 leptin	 levels	 in	 obesity	 also	 increase	
sympathetic	 activity	 and	 thus	 promote	 the	 renin-
angiotensin-aldosterone mechanism, thus increasing 
sodium	retention	by	the	kidney	40-42.
The	 proximal	 convoluted	 tubule	 of	 the	 kidney	
remains	 insulin	 sensitive,	 and	 hyperinsulinemia	
in	 obese	 patients	 increases	 sodium	 reabsorption	 in	
obesity.	 However,	 podocytes	 become	 resistant	 to	
insulin,	 promoting	 podocyte	 dedifferentiation	 and	
reducing the selectivity of the basement membrane 
of glomerulus 43-45.
In morbidly obese individuals failing to reduce weight 
and	 are	 unresponsive	 to	 weight	 loss	 medications	
may	 opt	 for	 bariatric	 surgery.	 There	 is	 reduced	
inflammation,	 hyperfiltration	 of	 glomerulus,	 and	
proteinuria	 in	CKD	patients	with	obesity	 following	
bariatric surgery 33.	There	is	also	a	reduction	of	about	
79%	 in	 the	 5-year	 risk	 of	mortality	 in	 pre-dialysis	
CKD	subjects	with	obesity	46.
1. b. Effects of Obesity on Hepatic 
Pathophysiology 
The	 development	 of	 simple	 steatosis	 (SS)	 and	
nonalcoholic	 steatohepatitis	 (NASH)	 appear	 to	 be	
influenced	 by	 obesity	 47.	 Hepatocytes	 are	 thought	
to	 have	 an	 adipocyte-like	 activity	 when	 adipose	
tissue	cannot	preserve	extra	calories,	as	in	disorders	
like	 lipodystrophies	 or	 typical	 obesity	 48. In these 
circumstances,	 the	 hepatic	 cells	 primarily	 store	 the	
additional	 lipids	 as	 triglycerides,	 which	 results	 in	
basic steatosis. Abnormal fat accumulation (for 
example,	 in	 skeletal	 muscle	 and	 the	 liver)	 due	 to	
increased	 lipolysis	 and	 decreased	 fatty	 acid	 intake	
in	 subcutaneous	 fat	 deposits	 may	 cause	 insulin	
resistance	 (IR)	 in	different	organs	 49.	Since	adipose	
tissue	 lipolysis	 accounts	 for	 around	 60%	 of	 the	
primary	substrate	for	intra-hepatic	triglycerides	free	
fatty acids (FFAs), the remaining 25% comes from de 
novo	lipogenesis	within	the	hepatocyte	from	nutrients	
like	carbohydrates.	This	causes	a	redistribution	of	fat	
from regular to abnormal storage 50.
When	hepatocytes	are	exposed	to	high	carbohydrate	
and	 lipid	 levels,	 glucotoxicity	 and	 lipotoxicity	 are	
initiated,	respectively,	which	plays	a	vital	role	in	the	
progression	of	SS	and	NASH	51.	The	pathophysiological	
pathways	that	link	SS	and	NASH	to	lipotoxicity	and	
glucotoxicity	 include	 oxidative	 stress,	 endoplasmic	
reticulum stress, and mitochondrial abnormalities 
52,53. Furthermore, the release of FFAs from insulin-
resistant and malfunctioning fat cells causes 
lipotoxicity,	brought	on	by	 the	abnormal	 collection	
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of harmful substances derived from triglycerides and 
the	resulting	stimulation	of	the	inflammatory	paths,	
cellular	 dysfunction,	 and	 lipoapoptosis.	 Besides,	
lipoapoptosis	 is	a	crucial	component	of	NASH	and	
is	caused	by	the	inability	of	hepatocytes	to	eliminate	
excess	FFAs	54,55.
An	 intra-hepatic	 inflammatory	 response	 begins	 if	
obesity	 is	 not	 effectively	 managed	 at	 the	 stage	 of	
SS,	 probably	 as	 an	 ineffective	 opposing	 attempt	 to	
stop	SS	56.	The	liver’s	innate	immune	cells,	such	as	
Kupffer	 cells,	 dendritic	 cells,	 and	 hepatic	 stellate	
cells	(HSCs),	are	activated	during	this	process,	and	
immune	 cells,	 primarily	 macrophages,	 neutrophils,	
monocytes,	and	T-lymphocytes,	gradually	invade	the	
liver. As a result, Immune cells in the liver release 
cytokines	that	exacerbate	the	inflammatory	response	
and	 aid	 in	 the	 fibrotic	 process,	which	 often	 occurs	
when	the	inflammation	persists	57.
Adipokines	 (such	 as	 leptin	 and	 adiponectin),	
hormones	generated	from	adipose	tissue	that	may	have	
a	 role	 in	SS,	NASH,	 cirrhosis,	 and	 carcinogenesis,	
are	an	additional	manner	that	obesity	affects	the	liver	
58.	Adipokines	 are	 adequately	 regulated	 in	 healthy	
people	of	average	weight.	However,	this	equilibrium	
is	 thrown	 off	 in	 obese	 people	 59.	 The	 released	
adipokines	 change,	 heading	 towards	 an	 additional	
steatogenic,	 inflammatory,	 and	 fibrogenic	 character	
as	the	adipose	tissue	enlarges	60.	Adipokines	interact	
with	 immune	 cells	 (macrophages,	 B-lymphocytes,	
T-lymphocytes,	 and	 neutrophils),	 which	 invade	
adipose	 tissue	 during	 its	 expansion	 and	 produce	
interleukins	(ILs)	and	classical	cytokines	such	as	IL-
1,	IL-6,	and	tumor	necrosis	factor	(TNF	alpha)	61.
Additionally,	 hypoadiponectinemia	 is	 linked	 to	
a	 more	 excellent	 ratio	 of	 normal	 to	 abnormal	 fat	
storage.	Adiponectin	 functions	 as	 an	 anti-steatosis,	
anti-inflammatory,	 and	 anti-fibrotic	 adipokine	 62. In 
this	way,	adiponectin	reduces	the	production	of	pro-
inflammatory	cytokines	like	TNF	alpha.	It	promotes	
the	 production	 of	 anti-inflammatory	 cytokines	 like	
IL-10,	suppressing	macrophage	activity	and	reducing	
oxidative	stress	and	fibrogenesis	63. In humans, higher 
amounts	of	adiponectin	were	found	in	controls,	lower	
levels	in	SS	patients,	and	even	lower	levels	in	NASH	
patients	64.
2. Objectives of the Study
The	study	is	taken	up	with	the	objective	of	the	
consequences	of	BMI	change	on	Hepatic	and	
Nephrological	parameters	in	patients	after	OAGB	
surgery.

3. Materials and Methods 
3a. Study Details
 Study Type: Longitudinal observational study.
Study Period:	This	study	was	conducted	from	January	
2021 to January 2022
Sampling Type: Universal	 sampling	was	done	with	
the	 patient’s	 consent,	 and	 patients	 were	 informed	
about	 the	 possible	 benefits,	 side	 effects,	 and	 risks	
associated with the surgical interventions.
Study Subject: The	 subjects	 of	 this	 research	 were	
recruited	 from	 Asian	 Bariatrics	 Hospital,	 SG	
Highways,	Ahmedabad,	Gujarat,	India
Methods of Enrollment and Randomization: Patients 
were enrolled between February 2021 and July 2021, 
and	a	6-month	follow-up	was	completed	by	January	
2022.
Project Details:	 This	 is	 the	 second	 paper	 of	 the	
principal	 author	 of	 the	 Bariatric	 Surgery	 project.	
The	earlier	Paper-I	was	published	in	the	Bangladesh	
Journal of Medical Science (https://www.banglajol.
info/index.php/BJMS/article/view/66965) 65. 
3b. Sample Size Calculation Asian Bariatrics 
Plus	Hospital	 is	a	wide-ranging	and	sizeable	center	
of obesity and metabolic surgery in India, where 
approximately	 20-25	 patients	 are	 operated	 on	
monthly.	 Thus,	 to	 meet	 the	 required	 sample	 size	
of	 120-150,	 subjects	will	 be	 enrolled	 for	 6	months	
and	followed	up	for	another	6	months	post-bariatric	
surgery. 
Sample Size Estimation with Single Group Mean: N 
=	(Zα/2)2	s2	/	d2	
Zα/2	 =	 standard	 deviation	 for	 the	 two-tailed	
alternative	hypothesis	at	a	significance	level.	
S	=	the	standard	deviation	obtained	from	the	previous	
study	or	pilot.		
D = the estimate’s accuracy or how close to the true 
mean. 
Zα/2=3.29;	s=6;	d=1.5.	
The	 calculated	 sample	 size	 would	 be	 130.	 If	 the	
allowance	of	10%	for	missing,	 losses	 to	 follow-up,	
and withdrawals are assumed, then the corrected 
sample	will	 be	 143	 subjects.	The	 corrected	 sample	
size	 thus	 obtained	 is	 130/	 (1.0-0.10)	 ≅	 130/0.9	 =	
145;	for	20%	allowances,	the	corrected	sample	size	
will	be	156.	So,	the	estimated	sample	size	preferred	
for	this	study	would	be	130-156	(Reference:	https://
pubmed.ncbi.nlm.nih.gov/29346210/) 66. 
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Inclusion	 Criteria:	 The	 age	 range	 included	 was	
between 20–50 years, belonging to both genders, 
with	a	mean	BMI	of	45.63±6.54	(male)	and	41.81±	
5.93kg/m2	(female).	Exclusion	criteria:	Any	previous	
weight	loss	surgery	history,	severe	cardio-respiratory	
disease,	cancer,	oral	steroid	treatment,	and	psychiatric	
medications,	 as	 per	 the	 recommendations	 indicated	
for bariatric surgery.  
3c. Anthropometric Evaluation 
Weight,	height,	and	BMI	were	used	for	anthropometric	
evaluation.	 The	 patients	 were	 weighed	 on	 a	
Bioelectrical	Impedance	Machine	In	Body	770,	and	
BSM 170 in body measuring scale was used for 
Height	measurements.	
3d. Surgical Intervention 
Laparoscopic	technique	was	used	for	the	surgery.	A	5	
mm	Endopath	instrument	at	Palmer’s	point	was	used	
to	create	 the	Pneumoperitoneum	and	 the	 remaining	
3	 ports	 –11	 mm	 supra-umbilical	 port,	 12mm	 right	
of	right	Rectus	muscle	port,	and	5	mm	port	on	right	
hypochondrium	 was	 created.	 Gastroesophageal	
junction	 dissection	 was	 done	 by	 retracting	 the	
fundus	 and	 dividing	 the	 peritoneum	 overlying	 the	
GE	junction	using	a	Goldfinger	instrument.	Further,	
the greater omentum was divided vertically to the 
upper	 line	of	 the	transverse	colon	and	later	divided	
transversely.	DJ	flexure	was	identified,	and	a	loop	of	
small	bowel	was	traced	to	150	cm.	The	loop	was	then	
pulled	up	 in	ante	colic	fashion	and	anchored	 to	 the	
greater	curvature	opposite	the	incisura.	Dissection	for	
the	gastric	pouch	was	started	by	creating	a	window	in	
the	lesser	curve	near	the	incisura.		Subsequent	stapler	
firing	made	 the	 required	 stomach	 pouch	 of	 around	
100ml.	 36	 Fr	 Gastric	 Calibration	 Tube	 was	 used.	
Alimentary	 and	 biliopancreatic	 limb	measurements	
were 150 cm.  
3e. Nutritional Intervention
The	hepatic	function	test	(HFT)	and	Renal	function	
test	(RFT)	were	examined	at	the	baseline	visit,	and	the	
same	tests	were	repeated	at	3	months	and	6	months	
after	 surgery.	 The	 dietary	 recommendation	 was	 a	
Very	 low-calorie	 diet	 (VLCD)	 with	 higher	 protein	
intake	(1-1.2g	per	kg	IBW).	The	Diet	progressed	in	
texture	over	1	month,	and	later	the	diet	was	revised	
as	per	the	weight	loss	observed	over	time.	A	balanced	
diet	consisting	of	all	food	groups	was	included.
All	 patients	 in	 the	 postoperative	 period	 received	
commercially available mineral and vitamin 
supplements,	per	American	Society	of	Metabolic	&	

Bariatric	 Surgery	 (ASMBS)	 guidelines,	 2016-18,	
after	 a	week	 of	 surgery.	At	 follow-up,	 the	 patients	
were	 asked	 about	 supplement	 compliance,	 dietary	
concerns,	 and	 complaints	 after	 surgery	 like	 gastric	
reflux,	constipation,	diarrhea,	nausea,	vomiting,	etc.	
3f. Biochemical Assays
Various	biochemical	tests	were	done	to	see	the	hepatic	
function	 (SGPT,	 SGOT,	 Total	 Protein,	 Albumin,	
Globulin,	and	A:	G	ratio)	and	renal	function	tests	like	
creatinine, urea, etc. 
3g. Statistical Method 
We	 used	 descriptive	 statistics	 to	 summarize	
and describe our collected data in our analysis. 
We	 calculated	 the	 mean	 and	 standard	 deviation	
for	 continuous	 variables,	 such	 as	 biomarker	
measurements, to measure central tendency and 
dispersion,	 respectively.	 Categorical	 variables,	 on	
the	other	hand,	were	summarized	using	percentages	
to	 represent	 the	proportion	of	each	category	within	
the	sample.
To	 investigate	 the	 changes	 in	 biomarkers	 before	
and	 after	 follow-up,	we	 employed	 a	 paired	 sample	
t-test.	This	statistical	test	allowed	us	to	compare	the	
means	of	the	biomarkers	within	the	same	individuals,	
thereby	 assessing	 the	mean	 difference	 between	 the	
pre-operative	and	post-operative	measurements.
We	considered	time	(pre	and	post-operative	follow-
up)	as	the	primary	predictor	variable	in	our	regression	
model	 to	 examine	 the	 effects	 of	 Anastomosis	
Gastric	Bypass	Surgery	on	the	biomarkers.	We	were	
interested	 in	 understanding	 how	 the	 biomarkers	
changed	over	time	due	to	the	surgical	procedure.	To	
analyze	the	impact	of	time,	we	used	a	mixed-effects	
model.	This	model	allowed	us	to	account	for	having	
repeated	measurements	within	the	same	individuals	
(pre	and	post-operative	measurements).	This	model	
treated	time	as	a	fixed	effect,	representing	its	overall	
effect	on	the	biomarkers	across	all	individuals.
	 Additionally,	 we	 included	 the	 within-subject	
difference	as	a	random	effect,	capturing	the	individual-
specific	 variation	 in	 the	 biomarker	 changes.	 Our	
regression	model	also	incorporated	other	covariates,	
including	age,	sex,	BMI,	and	comorbidities.	However,	
upon	analyzing	the	data,	we	found	that	comorbidities	
did	not	significantly	affect	the	biomarker	changes.	As	
a result, we decided to remove comorbidities from 
the	 final	 regression	model,	 focusing	 solely	 on	 age,	
sex,	and	BMI	as	potential	predictors	of	the	biomarker	
changes.
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To	determine	statistical	significance,	we	considered	
p-values	 less	 than	 0.05.	 We	 utilized	 STATA	 15	
(StataCorp,	LP,	College	Station,	Texas,	USA)	for	our	
statistical	analyses.	Additionally,	we	used	GraphPad	
Prism	 8.3.0.538	 to	 generate	 figures	 that	 visually	
represented	the	results	of	our	analyses	(Figure 2). 

Figure 2:	 Flow	 chart	 showing	 the	 materials	 and	
methods.	This	figure	has	been	drawn	with	the	premium	
version	 of	 BioRender	 [https://www.biorender.
com/ Accessed on 27 July 2023] with license 
number	IZ25NPYR7N.	Image	credit:	Susmita	Sinha.
3h. Ethical Approval
This	study	was	approved	by	the	Institutional	Review	
Board	 of	Asian	Bariatrics	Hospital,	 SG	Highways,	
Ahmedabad,	Gujarat,	India,	with	Reference	number	
IECHR-AB/2021/11	dated	19/05/2021.	All	the	study	
subjects	 verbally	 explained	 the	 study’s	 intention,	
motive,	and	future	scientific	publication.	The	written	
informed consent was obtained before data collection 
commenced. 
4. Results 
This	 observational	 study	 involved	 the	 inclusion	
of	 150	 patients	 who	 were	 scheduled	 to	 undergo	
Anastomosis	 Gastric	 Bypass	 Surgery.	 The	 mean	
age	of	 the	patients	was	41.7	years,	with	a	standard	
deviation	 of	 14.7	 years	 (mean±SD:	 41.7±14.7).	
Among	 the	 study	 participants,	 56	 individuals	
(37.3%)	were	male,	while	94	(62.7%)	were	female.	
This	 distribution	 highlights	 a	 higher	 representation	
of	female	patients	in	the	study	cohort.
Regarding	 comorbidities,	 hypertension	 was	
identified	 as	 the	 most	 prevalent	 condition	 among	
the	enrolled	patients,	affecting	49.3%	of	them.	This	
was	 followed	by	obstructive	sleep	apnea	syndrome	
(OSAS) at 32.7% and a history of diabetes at 29.3%. 
Additional	comorbidities,	such	as	dyslipidemia	and	
hypothyroidism,	were	present	 in	20.7%	and	16.7%	
of	the	patients,	respectively	(Table	1).

Table 1:	 Demographic	 characteristics	 of	 the	 study	
participants

Factors Observation

Age 41.7±14.7

Sex

Male 56(37.3%)

Female 94(62.7%)

H/O	Diabetes 44(29.3%)

H/O	Hypertension 74(49.3%)

H/O	OSAS 49(32.7%)

H/O	Dyslipidemia 31(20.7%)

H/O	Hypothyroidism 25(16.7%)

Notes:	Data	were	presented	as	mean±SD	or	number	
with	percent	in	the	parenthesis.	History	of=	H/O.
Table 2:	 Difference	 in	 outcome	 biomarkers	 level	
before	 and	 after	 one	 Anastomosis	 Gastric	 Bypass	
Surgery.

Baseline Visit-1 p-value Visit-2 p-value

Bilirubin (mg/dl) 0.55±0.22 0.68±0.26 <0.001 0.58±0.29 0.373

ALP	[IU/L] 102.7±47.6 104.2±39.0 0.758 103.0±53.3 0.969

SGPT	(IU/L) 25.8±11.0 18.9±7.51 <0.001 16.6±7.62 <0.001

Total	Protein	
(gm/dl)

6.97±1.01 6.87±0.49 0.299 6.87±0.71 0.326

Ratio A/G 1.18±0.63 1.29±0.28 0.090 1.51±0.67 <0.001

Serum Urea 
(mg/dl)

26.2±7.66 23.2±6.81 <0.001 22.9±6.77 <0.001

Serum 
Creatinine (mg/

dl)

0.92±0.26 0.86±0.23 <0.001 0.78±0.21 <0.001

Notes:	 Data	 was	 presented	 as	 mean±SD.	 Paired	
sample	 t-test	 was	 used	 to	 estimate	 the	 p-value,	
and	 the	comparison	was	between	 the	baseline	with	
visit-1	 and	 visit-2.	 Milligrams	 per	 deciliter	 =	 mg/
dL.	Alkaline	 phosphatase	 =	ALP.	 Serum	 glutamic	
pyruvic	transaminase	=	SGPT.	Grams	per	deciliter	=	
gm/dL. Albumin/Globulin = A/G.
The	 analysis	 revealed	 several	 significant	 findings.	
Bilirubin	 levels	 increased	 significantly	 from	
baseline	 (0.55±0.22	 mg/dl)	 to	 Visit-1	 (0.68±0.26	
mg/dl,	p<0.001).	However,	at	Visit-2,	 there	was	no	
significant	 change	 in	 the	 levels	 (0.58±0.29	mg/dl).	
Serum	glutamic-pyruvic	transaminase	(SGPT)	levels	
decreased	 significantly	 from	 baseline	 (25.8±11.0	
IU/l)	 to	 Visit-1	 (18.9±7.51	 IU/l,	 p<0.001)	 and	
further	reduced	at	Visit-2	(16.6±7.62	IU/l,	p<0.001).	
The	 A/G	 ratio	 did	 not	 significantly	 change	 from	
baseline	(1.18±0.63)	to	Visit-1	(1.29±0.28,	p=0.090).	
However,	there	was	a	significant	increase	in	the	ratio	

https://www.biorender.com/
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at	Visit-2	(1.51±0.67,	p<0.001).	Urea	levels	decreased	
significantly	 from	 baseline	 (26.2±7.66	 mg/dl)	 to	
Visit-1	(23.2±6.81	mg/dl,	p<0.001)	and	were	further	
reduced	at	Visit-2.	The	mean	serum	creatinine	levels	
decreased	significantly	from	baseline	(0.92±0.26	mg/
dl)	 to	Visit-1	 (0.86±0.23	mg/dl,	p<0.001)	and	were	

further	reduced	at	Visit-2	(0.78±0.21	mg/dl,	p<0.001)	
(Table	2	and	Figure	3).

After	the	surgery,	there	is	a	significant	decrease	in	S.	
SGPT	levels	were	noted	at	both	follow-ups	compared	
to	pre-operation	by	7.74	IU/L	(95%	CI=-10.2,	-5.30;	

Figure 3:	Difference	in	studied	biomarkers	after	one	Anastomosis	Gastric	Bypass	Surgery.	Paired	sample	
t-test	was	applied	to	see	the	difference	between	baseline	with	follow-ups	1	&	2.	
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Figure 4:	The	effect	of	one	Anastomosis	Gastric	Bypass	Surgery	on	biomarkers	between	follow-up	and	pre-
operation.	The	estimates	and	significant	differences	were	calculated	using	a	subject-specific	mixed	effects	
model	controlling	for	time,	age,	BMI,	and	Sex.		Note,	***	indicates	p<0.001	and	*	p<0.05.
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p<0.001	 and	 by	 13.5	 IU/L	 (95%	 CI=-16.4,	 -10.6;	
p<0.001)	respectively	at	follow-up	1	&	2	(Figure	2).	
Whereas	there	is	a	significant	increase	in	the	Ratio	A/G	
by	0.18	units	(95%	CI=0.10,	0.26;	p<0.001)	and	0.36	
units	 (95%	 CI=0.26,	 0.45;	 p<0.001),	 respectively,	
at	 follow-up	 1	 and	 follow-up	 2	 compared	 to	 pre-
operation.	There	 is	also	a	significant	decrease	 in	S.	
Creatinine	levels	observed	at	follow-up	2		(β=-0.04,	
95%	CI=-0.09,	0.01;	p<0.001	(Figure 4). 

5. Discussion

Bilirubin	 levels	 increased	 significantly	 from	
baseline	 (0.55±0.22	 mg/dl)	 to	 Visit-1	 (0.68±0.26	
mg/dl,	p<0.001).	However,	at	Visit-2,	 there	was	no	

significant	 change	 in	 the	 levels	 (0.58±0.29	mg/dl).	
A	study	reported	similar	findings	where	the	bilirubin	
levels	increased	after	one	anastomosis	gastric	bypass	
surgery 67.	 There	 is	 also	 a	 significant	 decrease	 in	
S.	 SGPT	 levels	 after	 the	 surgery.	According	 to	 an	
analysis	 of	 25	 OAGB	 patients,	 SGPT	 levels	 were	
significantly	 more	 critical	 in	 the	 OAGB	 group	 at	
1-year	 follow-up.	 In	 contrast,	 this	 study	 found	
SGPT	 levels	 to	be	considerably	 lower	after	OAGB	
68,69.	 Besides,	 the	 primary	 tool	 for	 diagnosing	 and	
monitoring	 the	 development	 of	 liver	 disease	 is	 the	
level	of	hepatocyte	destruction	as	measured	by	liver	
enzymes (Figure 5).

Figure 5:	Chart	showing	study	findings.	This	figure	has	been	drawn	with	the	premium	version	of	BioRender	
[https://www.biorender.com/	Accessed	on	27	July	2023]	with	license	number	VY25NQ1C5L.	Image	credit:	
Susmita Sinha.

The	Albumin-Globulin	 ratio	 increased	 significantly	
following the bariatric surgery, indicating a rise 
in	 albumin	 in	 plasma.	A	 study	 done	 to	 observe	 if	
Globulin	 -Albumin	 ratio	 is	 a	 good	 predictor	 for	
gastric carcinoma following curative resection 
noted	 that	 a	 low	Globulin	 –	Albumin	 ratio	 pointed	
towards a good outcome 70.	 They	 suggested	 that	
a	 raised	 globulin	 level	 in	 serum	 reflects	 tumor	
progression	and	antitumor	immunity	suppression.	At	
the	same	time,	a	rise	in	albumin	causes	suppression	
of	 cancer	 cell	 growth	 by	DNA	 replication	 stability	
and	 antioxidant	 release 71. Malnutrition, such as 
obesity	 (a	 state	 of	 chronic	 inflammation),	 causes	
albumin	production	suppression	72,73. Since bariatric 

surgery	promotes	weight	loss	and	improved	BMI	and	
reduces	inflammation,	there	may	be	an	improvement	
in the Albumin-Globulin ratio 70,74,75. Also, following 
bariatric	surgery,	toll-like	receptors	(TLR-2	and	TLR-
4)	expression,	nuclear	factor	kappa	β	(inflammatory	
transcription	 factor),	 matrix	 metallopeptidase,	 and	
C-reactive	 protein	 decrease	 leading	 to	 lowering	 of	
systemic	inflammation	76,77.

In	this	study,	a	significant	decrease	in	serum	creatinine	
was	observed.	Similar	findings	were	noted	by	several	
studies	 performed	 previously	 78-84.	 The	 decline	 in	
serum	creatinine	 level	 indicates	an	 improvement	 in	
renal function following bariatric surgery. Obesity-

https://www.biorender.com/
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related	 inflammation	 leads	 to	hyperfiltration	due	 to	
kidney	structure	damage	and	eGFR	increase.	Bariatric	
surgery	stabilizes	eGFR	and	improves	ultrafiltration	
as well as creatinine clearance 85,86. Serum creatinine 
level	 is	 a	 crude	 indication	 of	 eGFR	 and	 depends	
on	 muscle	 mass.	 Therefore,	 a	 reduction	 in	 serum	
creatinine level following surgery may be due to 
trauma from surgery, leading to an overestimation 
of GFR. Formula using both serum creatinine and 
cystatin C may give a more accurate renal function 
estimation 87. Another study by Schuster et al., 88 
found an increase in serum creatinine levels which 
may	be	due	to	a	severe	form	of	kidney	disease	that	
cannot be reversed by surgical intervention.
This	 study	 also	 observed	 a	 significant	 decrease	
in serum urea level which again suggests an 
improvement	 in	 renal	 function	 following	 bariatric	
surgery.	 A	 study	 done	 by	 Seki	 et al., found that 
higher Blood urea nitrogen level was associated with 
poor	renal	outcome	89. Following bariatric surgery, if 
calory restricted diet is followed, there is weight loss, 
reducing	 inflammation	 90,91.	Reducing	 inflammation	
helps	lower	kidney	structural	damage	and	improves	
renal	tubular	filtration	92.	Since	urea	is	free-filtered,	
not secreted but reabsorbed by the renal tubule, a low 
urine	flow	rate	would	lead	to	more	urea	reabsorption,	
thus increasing blood urea level 93.	An	improvement	
in	 renal	 filtration	would	 therefore	 lower	 the	 blood	
urea level 94.	 Renal	 function	 improvement	 may	
also be attributed to insulin sensitivity and blood 
pressure	improvement	in	patients	following	bariatric	
surgery,	which	decreases	tissue	injury	in	the	kidney 

95.	An	 improvement	 in	 blood	 pressure	may	 be	 due	
to	the	lowering	of	leptin	levels	which	in	turn	lower	
sympathetic	activity	within	the	body,	which	may	also	
lower renal structural damage 96. Insulin sensitivity 
may increase after bariatric surgery due to a decrease 
in	κB	kinase	β	inhibitor	activity	and	improvement	in	
insulin signaling in muscle along with weight loss 97.
Therefore,	 the	 improvement	 in	 the	 parameters,	
including Albumin-Globulin ratio, serum creatinine, 
and blood urea, may be due to weight loss, increase 
in	insulin	sensitivity,	improvement	in	blood	pressure,	
and	 reduction	 in	 inflammation	 following	 surgery	
(Figure	6). 
6. Conclusion 
One	Anastomosis	 Gastric	 Bypass	 surgery	 appears	
to	 positively	 impact	 hepatic	 function	 as	 evidenced	
by	 improvement	 in	ALP,	 SGPT,	 Serum	 Bilirubin,	
and Albumin/Globulin ratio following surgery. 

This	 seems	 to	 be	 also	 the	 case	 for	 renal	 function	
since Serum creatinine and blood urea levels 
decreased	 in	 patients	 after	 bariatric	 surgery.	 Such	
positive	 changes	may	be	 linked	 to	weight	 loss	 and	
decreased	obesity-related	inflammation.	Obesity	is	a	
chronic	 state	 of	 inflammation	 that	 leads	 to	 various	
inflammatory	cytokine	production.	These	cytokines,	
like	TNFα,	Interleukins	may	lead	to	tissue	damage.	
Bariatric	 surgery	 followed	 by	 patients	 consuming	
a calory restricted diet may reduce BMI and lower 
inflammation	 in	 the	 body.	 Reducing	 inflammation	
may	lead	to	decreased	organ	damage	and	improved	
organ	functioning.	For	example,	a	decrease	in	serum	
creatinine	 level	 may	 reflect	 an	 improvement	 in	
hyperfiltration	and	lowering	of	GFR	towards	normal	
in	 these	 patients.	 Long-term	 follow-up	 of	 these	
patients	may	further	reveal	the	eventual	impact	of	this	
life-altering	surgery	on	renal	and	hepatic	physiology.	
More	studies	in	the	future	to	assess	the	inflammatory	
cytokines	 and	 other	 mediators	 of	 inflammation	
changes	 following	 bariatric	 surgery	 and	 its	 impact	
on	various	organs	may	help	stress	the	significance	of	
bariatric	surgery,	particularly	in	patients	who	suffer	
from	morbid	obesity	showing	no	improvement	with	
lifestyle changes and medication.
7. Recommendation 
The	International	Federation	for	Surgery	of	Obesity	

Figure 6: Demonstrates the changes that may follow One 
Anastomosis	Gastric	Bypass	 Surgery,	 like	 a	 decrease	 in	
obesity,	Inflammation,	increased	insulin	sensitivity,	and	a	
reduction	in	sympathetic	activity	with	the	improvement	of	
blood	pressure	 in	patients	 leading	 to	 reduced	damage	 to	
organs	like	a	kidney	with	the	recovery	of	its	function.	This	
figure	 has	 been	 drawn	 with	 the	 premium	 version	 of	
BioRender	 [https://biorender.com/ Accessed on 24 July 
2023]	with	 license	 number	 II25NADJEN.	 Image	 credit:	
Rahnuma Ahmad.
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(IFSO)	 recommends	 the	 Mini	 Gastric	 Bypass	 as	
an	 excellent	 and	 efficient	 bariatric	 and	 metabolic	
procedure.	However,	 it	has	 specific	problems,	 such	
as	 hypoalbuminemia,	 which	 is	 more	 commonly	
reported	 in	 vegetarians	 and	 people	 with	 alcoholic	
and nonalcoholic liver disease. In addition to being 
documented	 following	 biliopancreatic	 diversion,	
steatohepatitis,	 and	 hepatic	 failure	 are	 well-known	
side	effects	of	jejunoileal	bypass,	a	common	type	of	
bariatric	 surgery.	More	 severe	 consequences	 could	
be	avoided	with	early	detection	and	effective	therapy.	
Future	 research	 on	 this	 subject	 should	 consider	
hepatic	elastography	and	biopsy	as	it	would	help	to	
understand	further	how	OAGB	affects	 the	structure	
and function of the liver.

Consent for Publication
The	author	reviewed	and	approved	the	final	version	
and	has	agreed	 to	be	accountable	 for	all	aspects	of	
the	work,	including	any	accuracy	or	integrity	issues.

Disclosure
The	author	declares	that	they	do	not	have	any	financial	
involvement	 or	 affiliations	 with	 any	 organization,	
association, or entity directly or indirectly with 
the	 subject	 matter	 or	 materials	 presented	 in	 this	
editorial.	This	includes	honoraria,	expert	testimony,	
employment,	ownership	of	stocks	or	options,	patents,	
or	grants	received	or	pending	royalties.
Data Availability
The	data	is	exclusively	available	from	the	principal	
author	for	research	purposes	only.
Authorship Contribution
All	 authors	 contributed	 significantly	 to	 the	 work,	
whether	 in	 the	 conception,	 design,	 utilization,	
collection,	 analysis,	 and	 interpretation	 of	 data	 or	
all	these	areas.	They	also	participated	in	the	paper’s	
drafting,	revision,	or	critical	review,	gave	their	final	
approval	 for	 the	 version	 that	 would	 be	 published,	
decided	on	the	journal	to	which	the	article	would	be	
submitted,	and	made	the	responsible	decision	 to	be	
held	accountable	for	all	aspects	of	the	work.

References 
1. Berger	NA.	Young	Adult	Cancer:	Influence	of	the	Obesity	

Pandemic. Obesity (Silver Spring).	2018;26(4):641-650.	
doi 10.1002/oby.22137. 

2. Busetto	 L,	 Dixon	 J,	 De	 Luca	 M,	 Shikora	 S,	 Pories	
W,	Angrisani	L.	Bariatric	 surgery	 in	 class	 I	 obesity:	 a	
Position Statement from the International Federation for 
the Surgery of Obesity and Metabolic Disorders (IFSO). 
Obes Surg.	 2014;24(4):487-519.	 doi:	 10.1007/s11695-
014-1214-1. 

3. Eisenberg	D,	Shikora	SA,	Aarts	E,	Aminian	A,	Angrisani	
L,	 Cohen	 RV,	 de	 Luca	 M,	 Faria	 SL,	 Goodpaster	 KPS,	
Haddad	 A,	 Himpens	 JM,	 Kow	 L,	 Kurian	 M,	 Loi	 K,	
Mahawar	K,	Nimeri	A,	O’Kane	M,	Papasavas	PK,	Ponce	
J,	Pratt	JSA,	Rogers	AM,	Steele	KE,	Suter	M,	Kothari	SN.	
2022 American Society of Metabolic and Bariatric Surgery 
(ASMBS) and International Federation for the Surgery of 
Obesity and Metabolic Disorders (IFSO) Indications for 
Metabolic and Bariatric Surgery. Obes Surg.	2023;33(1):3-
14.	doi:	10.1007/s11695-022-06332-1.	

4. Lean	ME,	Leslie	WS,	Barnes	AC,	Brosnahan	N,	Thom	
G,	McCombie	L,	Peters	C,	Zhyzhneuskaya	S,	Al-Mrabeh	
A,	 Hollingsworth	 KG,	 Rodrigues	 AM,	 Rehackova	 L,	
Adamson	 AJ,	 Sniehotta	 FF,	 Mathers	 JC,	 Ross	 HM,	
McIlvenna	Y,	 Stefanetti	 R,	 Trenell	M,	Welsh	 P,	 Kean	
S,	Ford	I,	McConnachie	A,	Sattar	N,	Taylor	R.	Primary	
care-led	 weight	 management	 for	 remission	 of	 type	 2	
diabetes	 (DiRECT):	 an	 open-label,	 cluster-randomized	
trial. Lancet.	 2018;391(10120):541-551.	 doi:	 10.1016/
S0140-6736(17)33102-1.

5. Moffett	 RC,	 Docherty	 NG,	 le	 Roux	 CW.	 The	 altered	
enteroendocrine	 repertoire	 following	 roux-en-Y-gastric	
bypass	 as	 an	 effector	 of	 weight	 loss	 and	 improved	
glycaemic control. Appetite.	 2021;156:104807.	 doi:	
10.1016/j.appet.2020.104807.	

6.	 Homan	J,	Boerboom	A,	Aarts	E,	Dogan	K,	van	Laarhoven	
C,	Janssen	I,	Berends	F.	A	Longer	Biliopancreatic	Limb	
in	Roux-en-Y	Gastric	Bypass	Improves	Weight	Loss	in	
the	First	Years	After	Surgery:	Results	of	a	Randomized	
Controlled	 Trial.	 Obes Surg.	 2018;28(12):3744-3755.	
doi:	10.1007/s11695-018-3421-7.	



754

Bangladesh Journal of Medical Science Vol. 22 No. 04 October’23

7. Ramos	AC,	Chevallier	JM,	Mahawar	K,	Brown	W,	Kow	
L,	White	KP,	 Shikora	 S;	 IFSO	Consensus	Conference	
Contributors. IFSO (International Federation for 
Surgery of Obesity and Metabolic Disorders) Consensus 
Conference Statement on One-Anastomosis Gastric 
Bypass	 (OAGB-MGB):	 Results	 of	 a	 Modified	 Delphi	
Study. Obes Surg.	2020;30(5):1625-1634.	doi:	10.1007/
s11695-020-04519-y.

8. Bhandari	 M,	 Fobi	 MAL,	 Buchwald	 JN;	 Bariatric	
Metabolic	 Surgery	 Standardization	 (BMSS)	 Working	
Group:	 Standardization	 of	 Bariatric	 Metabolic	
Procedures:	World	Consensus	Meeting	Statement.	Obes 
Surg. 2019;29(Suppl	4):309-345.	doi:	 10.1007/s11695-
019-04032-x.	

9. Khalaj	 A,	 Kalantar	 Motamedi	 MA,	 Mousapour	 P,	
Valizadeh M, Barzin M. Protein-Calorie Malnutrition 
Requiring	 Revisional	 Surgery	 after	 One-Anastomosis-
Mini-Gastric	Bypass	(OAGB-MGB):	Case	Series	from	
the	 Tehran	 Obesity	 Treatment	 Study	 (TOTS).	 Obes 
Surg.	2019;29(6):1714-1720.	doi:	10.1007/s11695-019-
03741-7. 

10. Parmar CD, Mahawar KK. One Anastomosis (Mini) 
Gastric	 Bypass	 Is	 Now	 an	 Established	 Bariatric	
Procedure:	 a	 Systematic	 Review	 of	 12,807	 Patients.	
Obes Surg.	2018;28(9):2956-2967.	doi:	10.1007/s11695-
018-3382-x.	

11. Sarno G, Schiavo L, Calabrese P, Álvarez Córdova 
L,	 Frias-Toral	 E,	 Cucalón	 G,	 Garcia-Velasquez	
E,	 Fuchs-Tarlovsky	 V,	 Pilone	 V.	 The	 Impact	 of	
Bariatric-Surgery-Induced	 Weight	 Loss	 on	 Patients	
Undergoing	Liver	Transplant:	A	Focus	on	Metabolism,	
Pathophysiological	 Changes,	 and	 Outcome	 in	 Obese	
Patients	 Suffering	 NAFLD-Related	 Cirrhosis. J Clin 
Med.	2022;11(18):5293.	doi:	10.3390/jcm11185293.

12. Pafili	 K,	 Roden	 M.	 Nonalcoholic	 fatty	 liver	 disease	
(NAFLD)	 from	 pathogenesis	 to	 treatment	 concepts	 in	
humans. Mol Metab.	 2021;50:101122.	 doi:	 10.1016/j.
molmet.2020.101122. 

13. Garofalo C, Borrelli S, Minutolo R, Chiodini P, De Nicola 
L, Conte G. A systematic review and meta-analysis 
suggests	obesity	predicts	onset	of	chronic	kidney	disease	
in	the	general	population.	Kidney Int. 2017;91(5):1224-
1235.	doi:	10.1016/j.kint.2016.12.013.	

14. Docherty	 NG,	 le	 Roux	 CW.	 Bariatric	 surgery	 for	 the	
treatment	of	chronic	kidney	disease	in	obesity	and	type	
2 diabetes mellitus. Nat Rev Nephrol.	2020;16(12):709-
720.	doi:	10.1038/s41581-020-0323-4.	

15. English	 WJ,	 Williams	 DB.	 Metabolic	 and	 Bariatric	
Surgery:	 An	 Effective	 Treatment	 Option	 for	 Obesity	
and Cardiovascular Disease. Prog Cardiovasc Dis. 
2018;61(2):253-269.	doi:	10.1016/j.pcad.2018.06.003.	

16.	 Chang	 AR,	 Grams	 ME,	 Navaneethan	 SD.	 Bariatric	
Surgery and Kidney-Related Outcomes. Kidney Int Rep. 
2017;2(2):261-270.	doi:	10.1016/j.ekir.2017.01.010.	

17. Felsenreich	 DM,	 Langer	 FB,	 Eichelter	 J,	 Jedamzik	 J,	
Gensthaler	L,	Nixdorf	L,	Gachabayov	M,	Rojas	A,	Vock	
N,	 Zach	ML,	 Prager	 G.	 Bariatric	 Surgery-How	Much	
Malabsorption	Do	We	Need?-A	Review	of	Various	Limb	
Lengths	in	Different	Gastric	Bypass	Procedures.	J Clin 
Med.	2021;10(4):674.	doi:	10.3390/jcm10040674.	

18. Ahuja	 A,	 Tantia	 O,	 Goyal	 G,	 Chaudhuri	 T,	 Khanna	
S,	 Poddar	 A,	 Gupta	 S,	 Majumdar	 K.	 MGB-OAGB:	
Effect	 of	 Biliopancreatic	 Limb	 Length	 on	 Nutritional	
Deficiency,	Weight	Loss,	 and	Comorbidity	Resolution.	
Obes Surg.	 2018;28(11):3439-3445.	 doi:	 10.1007/
s11695-018-3405-7.	

19. Friedman	 AN,	 Kaplan	 LM,	 le	 Roux	 CW,	 Schauer	
PR. Management of Obesity in Adults with CKD. J 
Am Soc Nephrol.	 2021;32(4):777-790.	 doi:	 10.1681/
ASN.2020101472.

20. Kramer	HJ,	Saranathan	A,	Luke	A,	Durazo-Arvizu	RA,	
Guichan	 C,	 Hou	 S,	 Cooper	 R.	 Increasing	 body	 mass	
index	 and	 obesity	 in	 the	 incident	 ESRD	 population.	 J 
Am Soc Nephrol.	 2006;17(5):1453-9.	 doi	 10.1681/
ASN.2005111241. 

21. Kramer	 H,	 Luke	 A,	 Bidani	 A,	 Cao	 G,	 Cooper	 R,	
McGee	 D.	 Obesity	 and	 prevalent	 and	 incident	 CKD:	
the	 Hypertension	 Detection	 and	 Follow-Up	 Program.	
Am J Kidney Dis.	 2005;46(4):587-94.	 doi:	 10.1053/j.
ajkd.2005.06.007.	

22. GBD	2015	Obesity	Collaborators;	Afshin	A,	Forouzanfar	
MH,	Reitsma	MB,	Sur	P,	Estep	K,	Lee	A,	Marczak	L,	
Mokdad	 AH,	 Moradi-Lakeh	 M,	 Naghavi	 M,	 Salama	
JS,	Vos	T,	Abate	KH,	Abbafati	C,	Ahmed	MB,	Al-Aly	
Z,	 Alkerwi	 A,	 Al-Raddadi	 R,	 Amare	 AT,	 Amberbir	
A,	Amegah	AK,	Amini	 E,	Amrock	 SM,	Anjana	 RM,	
Ärnlöv	 J,	Asayesh	 H,	 Banerjee	A,	 Barac	A,	 Baye	 E,	
Bennett	 DA,	 Beyene	 AS,	 Biadgilign	 S,	 Biryukov	 S,	
Bjertness	E,	Boneya	DJ,	Campos-Nonato	I,	Carrero	JJ,	
Cecilio P, Cercy K, Ciobanu LG, Cornaby L, Damtew 
SA, Dandona L, Dandona R, Dharmaratne SD, Duncan 
BB,	 Eshrati	 B,	 Esteghamati	A,	 Feigin	 VL,	 Fernandes	
JC,	Fürst	T,	Gebrehiwot	TT,	Gold	A,	Gona	PN,	Goto	A,	
Habtewold	TD,	Hadush	KT,	Hafezi-Nejad	N,	Hay	 SI,	
Horino	M,	Islami	F,	Kamal	R,	Kasaeian	A,	Katikireddi	
SV, Kengne AP, Kesavachandran CN, Khader YS, Khang 
YH,	Khubchandani	J,	Kim	D,	Kim	YJ,	Kinfu	Y,	Kosen	
S,	Ku	T,	Defo	BK,	Kumar	GA,	Larson	HJ,	Leinsalu	M,	
Liang	X,	Lim	SS,	Liu	P,	Lopez	AD,	Lozano	R,	Majeed	
A,	 Malekzadeh	 R,	 Malta	 DC,	 Mazidi	 M,	 McAlinden	
C,	McGarvey	ST,	Mengistu	DT,	Mensah	GA,	Mensink	
GBM,	 Mezgebe	 HB,	 Mirrakhimov	 EM,	 Mueller	 UO,	
Noubiap	 JJ,	Obermeyer	CM,	Ogbo	FA,	Owolabi	MO,	



755

Bangladesh Journal of Medical Science Vol. 22 No. 04 October’23

Patton	GC,	Pourmalek	F,	Qorbani	M,	Rafay	A,	Rai	RK,	
Ranabhat	CL,	Reinig	N,	Safiri	S,	Salomon	JA,	Sanabria	
JR, Santos IS, Sartorius B, Sawhney M, Schmidhuber 
J,	Schutte	AE,	Schmidt	MI,	Sepanlou	SG,	Shamsizadeh	
M,	 Sheikhbahaei	 S,	 Shin	 MJ,	 Shiri	 R,	 Shiue	 I,	 Roba	
HS,	 Silva	 DAS,	 Silverberg	 JI,	 Singh	 JA,	 Stranges	 S,	
Swaminathan	S,	Tabarés-Seisdedos	R,	Tadese	F,	Tedla	
BA,	 Tegegne	 BS,	 Terkawi	AS,	 Thakur	 JS,	 Tonelli	M,	
Topor-Madry	R,	Tyrovolas	S,	Ukwaja	KN,	Uthman	OA,	
Vaezghasemi	M,	Vasankari	T,	Vlassov	VV,	Vollset	SE,	
Weiderpass	 E,	Werdecker	A,	Wesana	 J,	Westerman	R,	
Yano Y, Yonemoto N, Yonga G, Zaidi Z, Zenebe ZM, 
Zipkin	B,	Murray	CJL.	Health	Effects	of	Overweight	and	
Obesity in 195 Countries over 25 Years. N Engl J Med. 
2017;377(1):13-27.	doi:	10.1056/NEJMoa1614362.	

23. Othman	M,	Kawar	B,	El	Nahas	AM.	Influence	of	obesity	
on	progression	of	non-diabetic	chronic	kidney	disease:	
a	 retrospective	 cohort	 study. Nephron Clin Pract. 
2009;113(1):c16-23.	doi:	10.1159/000228071.	

24. Arabi	 T,	 Shafqat	 A,	 Sabbah	 BN,	 Fawzy	 NA,	 Shah	
H,	 Abdulkader	 H,	 Razak	 A,	 Sabbah	 AN,	 Arabi	 Z.	
Obesity-related	 kidney	 disease:	 Beyond	 hypertension	
and insulin resistance. Front Endocrinol (Lausanne). 
2023;13:1095211.	doi:	10.3389/fendo.2022.1095211.	

25. Lair B, Laurens C, Van Den Bosch B, Moro C. Novel 
Insights	and	Mechanisms	of	Lipotoxicity-Driven	Insulin	
Resistance. Int J Mol Sci.	 2020;21(17):6358.	 doi:	
10.3390/ijms21176358.	

26.	 Su	H,	Lei	CT,	Zhang	C.	Interleukin-6	Signaling	Pathway	
and	 Its	 Role	 in	 Kidney	 Disease:	 An	 Update.	 Front 
Immunol.	2017;8:405.	doi:	10.3389/fimmu.2017.00405.	

27. Lee	BT,	Ahmed	FA,	Hamm	LL,	Teran	FJ,	Chen	CS,	Liu	
Y,	Shah	K,	Rifai	N,	Batuman	V,	Simon	EE,	He	J,	Chen	J.	
Association	of	C-reactive	protein,	tumor	necrosis	factor-
alpha,	 and	 interleukin-6	 with	 chronic	 kidney	 disease.	
BMC Nephrol.	 2015;16:77.	 doi:	 10.1186/s12882-015-
0068-7.	

28. Morales	 E,	 Porrini	 E,	 Martin-Taboada	 M,	 Luis-Lima	
S, Vila-Bedmar R, González de Pablos I, Gómez P, 
Rodríguez	E,	Torres	L,	Lanzón	B,	Rodríguez	AE,	Maíz	
M,	Medina-Gómez	G,	Praga	M.	Renoprotective	role	of	
bariatric	 surgery	 in	 patients	 with	 established	 chronic	
kidney	 disease.	Clin Kidney J.	 2020;14(9):2037-2046.	
doi:	10.1093/ckj/sfaa266.	

29. Sun	K,	Tordjman	J,	Clément	K,	Scherer	PE.	Fibrosis	and	
adipose	tissue	dysfunction.	Cell Metab.	2013;18(4):470-
7.	doi:	10.1016/j.cmet.2013.06.016.	

30. Kane	H,	Lynch	L.	 Innate	 Immune	Control	 of	Adipose	
Tissue	Homeostasis.	Trends Immunol.	 2019;40(9):857-
872.	doi:	10.1016/j.it.2019.07.006.	

31. Arcidiacono	B,	Chiefari	E,	Foryst-Ludwig	A,	Currò	G,	

Navarra G, Brunetti FS, Mirabelli M, Corigliano DM, 
Kintscher	 U,	 Britti	 D,	 Mollace	 V,	 Foti	 DP,	 Goldfine	
ID,	 Brunetti	 A.	 Obesity-related	 hypoxia	 via	 miR-
128	 decreases	 insulin-receptor	 expression	 in	 human	
and	 mouse	 adipose	 tissue	 promoting	 systemic	 insulin	
resistance. EBioMedicine.	 2020;59:102912.	 doi:	
10.1016/j.ebiom.2020.102912.	

32. Zhao	HL,	Sui	Y,	Guan	J,	He	L,	Zhu	X,	Fan	RR,	Xu	G,	
Kong	AP,	Ho	CS,	Lai	FM,	Rowlands	DK,	Chan	JC,	Tong	
PC.	 Fat	 redistribution	 and	 adipocyte	 transformation	 in	
uni-nephrectomized	 rats.	 Kidney Int.	 2008;74(4):467-
77.	doi:	10.1038/ki.2008.195.	

33. Roubicek	T,	Bartlova	M,	Krajickova	 J,	Haluzikova	D,	
Mraz	M,	Lacinova	Z,	Kudla	M,	Teplan	V,	Haluzik	M.	
Increased	 production	 of	 pro-inflammatory	 cytokines	
in	 adipose	 tissue	 of	 patients	 with	 end-stage	 renal	
disease. Nutrition.	 2009;25(7-8):762-8.	 doi:	 10.1016/j.
nut.2008.12.012. 

34. Xiang	DM,	Song	XZ,	Zhou	ZM,	Liu	Y,	Dai	XY,	Huang	
XL,	Hou	FF,	Zhou	QG.	Chronic	kidney	disease	promotes	
chronic	 inflammation	 in	 visceral	 white	 adipose	 tissue. 
Am J Physiol Renal Physiol.	 2017;312(4):F689-F701.	
doi:	10.1152/ajprenal.00584.2016.	

35. D’Apolito	 M,	 Du	 X,	 Zong	 H,	 Catucci	 A,	 Maiuri	 L,	
Trivisano	 T,	 Pettoello-Mantovani	 M,	 Campanozzi	 A,	
Raia	V,	Pessin	JE,	Brownlee	M,	Giardino	I.	Urea-induced	
ROS generation causes insulin resistance in mice with 
chronic renal failure. J Clin Invest.	2010;120(1):203-13.	
doi:	10.1172/JCI37672.	

36.	 Aminzadeh	MA,	Pahl	MV,	Barton	CH,	Doctor	NS,	Vaziri	
ND.	Human	uraemic	plasma	stimulates	release	of	leptin	
and	 uptake	 of	 tumor	 necrosis	 factor-alpha	 in	 visceral	
adipocytes. Nephrol Dial Transplant.	2009;24(12):3626-
31.	doi:	10.1093/ndt/gfp405.	

37. Kalbacher	E,	Koppe	L,	Zarrouki	B,	Pillon	NJ,	Fouque	D,	
Soulage	CO.	Human	uremic	plasma	and	not	urea	induces	
exuberant	secretion	of	leptin	in	3T3-L1	adipocytes.	J Ren 
Nutr.	2011;21(1):72-5.	doi:	10.1053/j.jrn.2010.11.009.	

38. Axelsson	 J,	 Aström	 G,	 Sjölin	 E,	 Qureshi	 AR,	 Lorente-
Cebrián	S,	Stenvinkel	P,	Rydén	M.	Uraemic	sera	stimulate	
lipolysis	in	human	adipocytes:	role	of	perilipin.	Nephrol Dial 
Transplant.	2011;26(8):2485-91.	doi:	10.1093/ndt/gfq755.	

39. Look	AHEAD	Research	Group;	Gregg	EW,	Jakicic	JM,	
Blackburn	G,	Bloomquist	P,	Bray	GA,	Clark	JM,	Coday	
M,	 Curtis	 JM,	 Egan	 C,	 Evans	M,	 Foreyt	 J,	 Foster	 G,	
Hazuda	HP,	Hill	 JO,	Horton	ES,	Hubbard	VS,	 Jeffery	
RW,	 Johnson	KC,	 Kitabchi	AE,	 Knowler	WC,	Kriska	
A,	 Lang	 W,	 Lewis	 CE,	 Montez	 MG,	 Nathan	 DM,	
Neiberg	RH,	Patricio	J,	Peters	A,	Pi-Sunyer	X,	Pownall	
H,	 Redmon	 B,	 Regensteiner	 J,	 Rejeski	 J,	 Ribisl	 PM,	
Safford	 M,	 Stewart	 K,	 Trence	 D,	 Wadden	 TA,	 Wing	
RR,	 Yanovski	 SZ.	 Association	 of	 the	 magnitude	 of	



756

Bangladesh Journal of Medical Science Vol. 22 No. 04 October’23

weight	 loss	 and	 changes	 in	physical	fitness	with	 long-
term cardiovascular disease outcomes in overweight or 
obese	people	with	 type	2	diabetes:	a	post-hoc	analysis	
of	 the	Look	AHEAD	 randomized	 clinical	 trial.	Lancet 
Diabetes Endocrinol.	2016;4(11):913-921.	doi:	10.1016/
S2213-8587(16)30162-0.	

40. Docherty	 NG,	 le	 Roux	 CW.	 Bariatric	 surgery	 for	 the	
treatment	of	chronic	kidney	disease	in	obesity	and	type	
2 diabetes mellitus. Nat Rev Nephrol.	2020;16(12):709-
720.	doi:	10.1038/s41581-020-0323-4.	

41. Oosterhuis NR, Fernandes R, Maicas N, Bae 
SE,	 Pombo	 J,	 Gremmels	 H,	 Poston	 L,	 Joles	 JA,	
Samuelsson	 AM.	 Extravascular	 renal	 denervation	
ameliorates	 juvenile	 hypertension	 and	 renal	 damage	
resulting	 from	 experimental	 hyperleptinemia	 in	 rats.	
J Hypertens.	 2017;35(12):2537-2547.	 doi:	 10.1097/
HJH.0000000000001472.	

42. Shi	 Z,	 Li	 B,	 Brooks	 VL.	 Role	 of	 the	 Paraventricular	
Nucleus	of	the	Hypothalamus	in	the	Sympathoexcitatory	
Effects	 of	 Leptin.	 Hypertension.	 2015;66(5):1034-41.	
doi:	10.1161/HYPERTENSIONAHA.115.06017.	

43. Artunc	F,	Schleicher	E,	Weigert	C,	Fritsche	A,	Stefan	N,	
Häring	HU.	The	impact	of	insulin	resistance	on	the	kidney	
and vasculature. Nat Rev Nephrol.	2016;12(12):721-737.	
doi:	10.1038/nrneph.2016.145.	

44. Nakamura	M,	 Satoh	 N,	 Suzuki	M,	 Kume	 H,	 Homma	
Y,	 Seki	 G,	 Horita	 S.	 Stimulatory	 effect	 of	 insulin	 on	
renal	 proximal	 tubule	 sodium	 transport	 is	 preserved	
in	 type	2	diabetes	with	nephropathy.	Biochem Biophys 
Res Commun.	 2015;461(1):154-8.	 doi:	 10.1016/j.
bbrc.2015.04.005.

45. Lay	 AC,	 Hurcombe	 JA,	 Betin	 VMS,	 Barrington	 F,	
Rollason	R,	Ni	L,	Gillam	L,	Pearson	GME,	Østergaard	
MV,	 Hamidi	 H,	 Lennon	 R,	 Welsh	 GI,	 Coward	 RJM.	
Prolonged	 exposure	 of	 mouse	 and	 human	 podocytes	
to insulin induces insulin resistance through lysosomal 
and	 proteasomal	 degradation	 of	 the	 insulin	 receptor.	
Diabetologia.	 2017;60(11):2299-2311.	 doi:	 10.1007/
s00125-017-4394-0. 

46.	 Coleman	KJ,	Shu	YH,	Fischer	H,	Johnson	E,	Yoon	TK,	
Taylor	 B,	 Imam	 T,	 DeRose	 S,	 Haneuse	 S,	 Herrinton	
LJ,	 Fisher	 D,	 Li	 RA,	 Theis	 MK,	 Liu	 L,	 Courcoulas	
AP,	Smith	DH,	Arterburn	DE,	Friedman	AN.	Bariatric	
Surgery	 and	 Risk	 of	 Death	 in	 Persons	 With	 Chronic	
Kidney Disease. Ann Surg.	2022;276(6):e784-e791.	doi:	
10.1097/SLA.0000000000004851. 

47. Sheka	AC,	Adeyi	O,	Thompson	J,	Hameed	B,	Crawford	
PA,	 Ikramuddin	 S.	 Nonalcoholic	 Steatohepatitis:	 A	
Review. JAMA.	2020;323(12):1175-1183.	doi:	10.1001/
jama.2020.2298.	

48. Hong	 J,	 Kim	 YH.	 Fatty	 Liver/Adipose	 Tissue	 Dual-

Targeting	 Nanoparticles	 with	 Heme	 Oxygenase-1	
Inducer for Amelioration of Obesity, Obesity-Induced 
Type	2	Diabetes,	and	Steatohepatitis.	Adv Sci (Weinh). 
2022;9(33):e2203286.	doi:	10.1002/advs.202203286.	

49. Gluchowski	NL,	Becuwe	M,	Walther	TC,	Farese	RV	Jr.	
Lipid	droplets	and	 liver	disease:	 from	basic	biology	 to	
clinical	 implications.	 Nat Rev Gastroenterol Hepatol. 
2017;14(6):343-355.	doi:	10.1038/nrgastro.2017.32.	

50. Hodson	L.	Hepatic	fatty	acid	synthesis	and	partitioning:	
the	 effect	 of	 metabolic	 and	 nutritional	 state.	 Proc 
Nutr Soc.	 2019;78(1):126-134.	 doi:	 10.1017/
S0029665118002653.	

51. Mendez-Sanchez N, Cruz-Ramon VC, Ramirez-Perez 
OL,	Hwang	JP,	Barranco-Fragoso	B,	Cordova-Gallardo	
J.	 New	 Aspects	 of	 Lipotoxicity	 in	 Nonalcoholic	
Steatohepatitis.	 Int J Mol Sci.	 2018;19(7):2034.	 doi:	
10.3390/ijms19072034.	

52. Ghemrawi	R,	Battaglia-Hsu	SF,	Arnold	C.	Endoplasmic	
Reticulum Stress in Metabolic Disorders. Cells. 
2018;7(6):63.	doi:	10.3390/cells7060063.	

53. Cao	 SS,	 Kaufman	 RJ.	 Endoplasmic	 reticulum	 stress	
and	 oxidative	 stress	 in	 cell	 fate	 decision	 and	 human	
disease. Antioxid Redox Signal.	 2014;21(3):396-413.	
doi:	10.1089/ars.2014.5851.	

54. Ahmed	B,	Sultana	R,	Greene	MW.	Adipose	 tissue	and	
insulin resistance in obese. Biomed Pharmacother. 
2021;137:111315.	doi:	10.1016/j.biopha.2021.111315.	

55. Li	M,	Chi	X,	Wang	Y,	Setrerrahmane	S,	Xie	W,	Xu	H.	
Trends	 in	 insulin	 resistance:	 insights	 into	mechanisms	
and	 therapeutic	strategy.	Signal Transduct Target Ther. 
2022;7(1):216.	doi:	10.1038/s41392-022-01073-0.	

56.	 Arrese	M,	Barrera	F,	Triantafilo	N,	Arab	JP.	Concurrent	
nonalcoholic	 fatty	 liver	 disease	 and	 type	 2	 diabetes:	
diagnostic	 and	 therapeutic	 considerations.	 Expert 
Rev Gastroenterol Hepatol.	 2019;13(9):849-866.	 doi:	
10.1080/17474124.2019.1649981.

57. Ahmed	O,	Robinson	MW,	O’Farrelly	C.	 Inflammatory	
processes	in	the	liver:	divergent	roles	in	homeostasis	and	
pathology. Cell Mol Immunol.	 2021;18(6):1375-1386.	
doi:	10.1038/s41423-021-00639-2.	

58. Polyzos SA, Kountouras J, Mantzoros CS. 
Adipokines	 in	 nonalcoholic	 fatty	 liver	 disease.	
Metabolism.	 2016;65(8):1062-79.	 doi:	 10.1016/j.
metabol.2015.11.006.	

59. Kirk	B,	Feehan	J,	Lombardi	G,	Duque	G.	Muscle,	Bone,	
and	 Fat	 Crosstalk:	 the	 Biological	 Role	 of	 Myokines,	
Osteokines,	 and	 Adipokines.	 Curr Osteoporos Rep. 
2020;18(4):388-400.	doi:	10.1007/s11914-020-00599-y.	

60.	 Muzurović	E,	Polyzos	SA,	Mikhailidis	DP,	Borozan	S,	
Novosel	D,	Cmiljanić	O,	Kadić	N,	Mantzoros	CS.	Non-
alcoholic Fatty Liver Disease in Children. Curr Vasc 



757

Bangladesh Journal of Medical Science Vol. 22 No. 04 October’23

Pharmacol.	2023;21(1):4-25.	doi:	10.2174/1570161121
666221118155136.	

61.	 Magnuson AM, Fouts JK, Regan DP, Booth AD, Dow 
SW,	Foster	MT.	Adipose	tissue	extrinsic	factor:	Obesity-
induced	inflammation	and	the	role	of	the	visceral	lymph	
node. Physiol Behav.	 2018;190:71-81.	 doi:	 10.1016/j.
physbeh.2018.02.044.	

62.	 Lee	E,	Korf	H,	Vidal-Puig	A.	An	adipocentric	perspective	
on	 the	 development	 and	 progression	 of	 non-alcoholic	
fatty liver disease. J Hepatol.	 2023;78(5):1048-1062.	
doi:	10.1016/j.jhep.2023.01.024.	

63.	 Chen Z, Yu R, Xiong Y, Du F, Zhu S. A vicious circle 
between	 insulin	 resistance	 and	 inflammation	 in	
nonalcoholic fatty liver disease. Lipids Health Dis. 
2017;16(1):203.	doi:	10.1186/s12944-017-0572-9.	

64.	 Boutari	 C,	 Perakakis	 N,	 Mantzoros	 CS.	 Association	
of	 Adipokines	 with	 Development	 and	 Progression	
of Nonalcoholic Fatty Liver Disease. Endocrinol 
Metab (Seoul).	 2018;33(1):33-43.	 doi:	 10.3803/
EnM.2018.33.1.33.	

65.	 Singh	A,	Ahmad	 R,	 Sinha	 S,	 Haq	 MA,	 Narwaria	 M,	
Haque	 M,	 Kumar	 S,	 	 Sanghani	 N.	 One	Anastomosis	
Gastric	 Bypass	 Surgery:	 Consequences	Over	Ascorbic	
Acid, Cobalamin, Calciferol, and Calcium. Bangladesh 
Journal of Medical Science. 2023, 22(3),	 695–708.	
doi:10.3329/bjms.v22i3.66965.

66.	 Mascha	EJ,	Vetter	TR.	Significance,	Errors,	Power,	and	
Sample	Size:	The	Blocking	 and	Tackling	 of	 Statistics.	
Anesth Analg.	 2018;126(2):691-698.	 doi:	 10.1213/
ANE.0000000000002741.		

67.	 Shenouda	MM,	Harb	SE,	Mikhail	SAA,	Mokhtar	SM,	
Osman	AMA,	Wassef	ATS,	Rizkallah	NNH,	Milad	NM,	
Anis	SE,	Nabil	TM,	Zaki	NS,	Halepian	A.	Bile	Gastritis	
Following	 Laparoscopic	 Single	 Anastomosis	 Gastric	
Bypass:	Pilot	Study	to	Assess	Significance	of	Bilirubin	
Level	 in	Gastric	Aspirate. Obes Surg.	 2018;28(2):389-
395.	doi:	10.1007/s11695-017-2885-1.

68.	 Spivak	H,	Munz	Y,	Rubin	M,	Raz	I,	Shohat	T,	Blumenfeld	
O.	 Omega-loop	 gastric	 bypass	 is	 more	 effective	 for	
weight	 loss	 but	 negatively	 impacts	 liver	 enzymes:	 a	
registry-based	 comprehensive	 first-year	 analysis.	 Surg 
Obes Relat Dis.	 2018;14(2):175-180.	 doi:	 10.1016/j.
soard.2017.11.006.	

69.	 Salman	MA,	 Salman	AA,	 Omar	 HSE,	Abdelsalam	A,	
Mostafa	MS,	Tourky	M,	Sultan	AAEA,	Elshafey	MH,	
Abdelaty	 WR,	 Salem	 A,	 Khaliel	 OO,	 Elshafey	 HE,	
Atallah	M,	Shaaban	HE,	Yousef	M,	Nafea	MA.	Long-
term	effects	of	one-anastomosis	gastric	bypass	on	liver	
histopathology	 in	 NAFLD	 cases:	 a	 prospective	 study.	
Surg Endosc. 2021;35(4):1889-1894.	 doi:	 10.1007/
s00464-020-07725-y.	

70. Shimizu	T,	 Ishizuka	M,	Shibuya	N,	Tanaka	G,	Abe	A,	
Aoki	 T,	 Kubota	 K.	 Preoperative	 globulin-to-albumin	
ratio	 predicts	 outcome	 after	 curative	 resection	 in	
patients	 with	 gastric	 cancer.	 Ann Gastroenterol Surg. 
2018;2(5):367-375.	doi:	10.1002/ags3.12200.	

71. Lee	S,	Huh	SJ,	Oh	SY,	Koh	MS,	Kim	SH,	Lee	JH,	Han	
JY,	Choi	HJ,	Kim	SJ,	Kim	HJ.	Clinical	significance	of	
coagulation	factors	in	operable	colorectal	cancer.	Oncol 
Lett.	2017;13(6):4669-4674.	doi:	10.3892/ol.2017.6058.	

72. McMillan	 DC.	 Systemic	 inflammation,	 nutritional	
status	 and	 survival	 in	 patients	with	 cancer.	Curr Opin 
Clin Nutr Metab Care.	2009;12(3):223-6.	doi:	10.1097/
MCO.0b013e32832a7902. 

73. McMillan	 DC,	 Watson	 WS,	 O’Gorman	 P,	 Preston	 T,	
Scott	 HR,	 McArdle	 CS.	 Albumin	 concentrations	 are	
primarily	 determined	 by	 the	 body	 cell	 mass	 and	 the	
systemic	 inflammatory	 response	 in	 cancer	 patients	
with weight loss. Nutr Cancer.	 2001;39(2):210-3.	 doi:	
10.1207/S15327914nc392_8.	

74. Sawaya	 RA,	 Jaffe	 J,	 Friedenberg	 L,	 Friedenberg	 FK.	
Vitamin,	 mineral,	 and	 drug	 absorption	 following	
bariatric surgery. Curr Drug Metab.	 2012;13(9):1345-
55.	doi:	10.2174/138920012803341339.	

75. Park	S,	Kim	YJ,	Choi	CY,	Cho	NJ,	Gil	HW,	Lee	EY.	
Bariatric Surgery can Reduce Albuminuria in Patients 
with Severe Obesity and Normal Kidney Function 
by	 Reducing	 Systemic	 Inflammation.	 Obes Surg. 
2018;28(3):831-837.	doi:	10.1007/s11695-017-2940-y.	

76.	 Monte	SV,	Caruana	JA,	Ghanim	H,	Sia	CL,	Korzeniewski	
K,	Schentag	JJ,	Dandona	P.	Reduction	in	endotoxemia,	
oxidative	and	inflammatory	stress,	and	insulin	resistance	
after	Roux-en-Y	gastric	bypass	surgery	in	patients	with	
morbid	 obesity	 and	 type	 2	 diabetes	 mellitus.	 Surgery. 
2012;151(4):587-93.	doi:	10.1016/j.surg.2011.09.038.	

77. Biobaku	F,	Ghanim	H,	Monte	SV,	Caruana	JA,	Dandona	
P.	 Bariatric	 Surgery:	 Remission	 of	 Inflammation,	
Cardiometabolic	 Benefits,	 and	 Common	 Adverse	
Effects.	J Endocr Soc.	2020;4(9):bvaa049.	doi:	10.1210/
jendso/bvaa049.	

78. Navarro-Díaz		M,	Serra		A,	Romero		R,Bonet		J,	Bayés	
B,	Homs		M,	Pérez		N,	Bonal		J.	Effect	of	Drastic	Weight	
Loss after Bariatric Surgery on Renal Parameters in 
Extremely	 Obese	 Patients:	 Long-Term	 Follow-Up.	 J 
Am Soc Nephrol.	 2006;17(12_suppl_3):	 S213-S217.
doi:10.1681/ASN.2006080917	

79. Serpa	Neto	A,	Bianco	Rossi	 FM,	Dal	Moro	Amarante	
R, Alves Buriti N, Cunha Barbosa Saheb G, Rossi M. 
Effect	 of	 weight	 loss	 after	 Roux-en-Y	 gastric	 bypass,	
on	renal	function	and	blood	pressure	in	morbidly	obese	
patients. J Nephrol.	2009;22(5):637-46.	

80. Friedman	 AN,	 Moe	 S,	 Fadel	 WF,	 Inman	 M,	 Mattar	



758

Bangladesh Journal of Medical Science Vol. 22 No. 04 October’23

SG,	 Shihabi	 Z,	 Quinney	 SK.	 Predicting	 the	
Glomerular Filtration Rate in Bariatric Surgery 
Patients. Am J Nephrol.	2014;	39(1):	8–15.	https://doi.
org/10.1159/000357231  

81. Navaneethan SD, Kelly  KR, Sabbagh F, Schauer PR, 
Kirwan	 JP,Kashyap	 SR.	 	 Urinary	Albumin	 Excretion,	
HMW	Adiponectin,	 and	 Insulin	 Sensitivity	 in	 Type	 2	
Diabetic Patients Undergoing Bariatric Surgery. OBES 
SURG.	 2010;20:308–315.	 https://doi.org/10.1007/
s11695-009-0026-1	

82. Navaneethan	SD,	Yehnert	H.	Bariatric	surgery	and	progression	
of	chronic	kidney	disease.	Surg Obes Relat Dis.	2009;5(6):662-
5.	doi:https://doi.org/10.1016/j.soard.2009.01.006 

83. Getty	 	 JLZ,	Hamdallah	 IN,	 Shamseddeen	 	HN,	Wu	 J,	
Low RK, Craig J, Ali MR. Changes in Renal Function 
Following	 Roux-en-Y	 Gastric	 Bypass:	 A	 Prospective	
Study. Obes Surg.	 2012;22,	 1055–1059.	 https://doi.
org/10.1007/s11695-012-0617-0.	

84. Ruiz-Tovar	J,	Giner	L,	Sarro-Sobrin	F,	Alsina	ME,	Marco	
MP,	Craver	L.	Laparoscopic	sleeve	gastrectomy	prevents	
the deterioration of renal function in morbidly obese 
patients	 over	 40	 years.	Obes Surg.	 2015;25(5):796–9.	
doi.org/10.1007/s11695-014-1486-5	

85. Bilha	SC,	Nistor	I,	Nedelcu	A,	Kanbay	M,	Scripcariu	V,	
Timofte	D,	Siriopol	D,	Covic	A.	The	Effects	of	Bariatric	
Surgery	on	Renal	Outcomes:	a	Systematic	Review	and	
Meta-analysis. Obes Surg.	2018;28(12):3815-3833.	doi:	
10.1007/s11695-018-3416-4.	

86.	 Kovesdy	CP,	Furth	SL,	Zoccali	C;	World	Kidney	Day	
Steering	 Committee.	 Obesity	 and	 Kidney	 Disease:	
Hidden	 Consequences	 of	 the	 Epidemic.	 Can J 
Kidney Health Dis.	 2017;4:2054358117698669.	 doi:	
10.1177/2054358117698669.	

87. López-Martínez	M,	Luis-Lima	S,	Morales	E,	Navarro-
Díaz	 M,	 Negrín-Mena	 N,	 Folgueras	 T,	 Escamilla	 B,	
Estupiñán	 S,	 Delgado-Mallén	 P,	 Marrero-Miranda	 D,	
González-Rinne	A,	Miquel-Rodríguez	RM,	Cobo-Caso	
MA,	Díaz-Martín	L,	 Jiménez-Sosa	A,	González-Rinne	
F,	 Torres	 A,	 Porrini	 E.	 The	 estimation	 of	 GFR	 and	
the	 adjustment	 for	 BSA	 in	 overweight	 and	 obesity:	 a	
dreadful combination of two errors. Int J Obes (Lond). 
2020;44(5):1129-1140.	doi:	10.1038/s41366-019-0476-z		

88. Schuster	DP,	Teodorescu	M,	Mikami	D,	Foreman	K,	Rogers	
P,	Needleman	BJ.	Effect	 of	 bariatric	 surgery	on	normal	 and	
abnormal renal function. Surg Obes Relat Dis.	2011;7(4):459–
64.doi:https://doi.org/10.1016/j.soard.2010.11.015  

89. Seki	M,	Nakayama	M,	Sakoh	T,	Yoshitomi	R,	Fukui	A,	

Katafuchi	E,	Tsuda	S,	Nakano	T,	Tsuruya	K,	Kitazono	
T.	 Blood	 urea	 nitrogen	 is	 independently	 associated	
with	 renal	 outcomes	 in	 Japanese	 patients	 with	 stage	
3-5	chronic	kidney	disease:	a	prospective	observational	
study. BMC Nephrol.	 2019;20(1):115.	 doi:	 10.1186/
s12882-019-1306-1.		

90. Flynn	CR,	Tamboli	RA,	Antoun	J,	Sidani	RM,	Williams	
B,	 Spann	MD,	English	WJ,	Welch	EB,	 Sundaresan	 S,	
Abumrad	NN.	Caloric	Restriction	and	Weight	Loss	Are	
Primary	Factors	in	the	Early	Tissue-Specific	Metabolic	
Changes After Bariatric Surgery. Diabetes Care. 
2022;45(8):1914-1916.	doi:	10.2337/dc22-0069.	

91. Villarreal-Calderon	 JR,	Cuellar-Tamez	R,	Castillo	EC,	
Luna-Ceron	E,	García-Rivas	G,	Elizondo-Montemayor	
L.	 Metabolic	 shift	 precedes	 the	 resolution	 of	
inflammation	in	a	cohort	of	patients	undergoing	bariatric	
and metabolic surgery. Sci Rep.	2021;11(1):12127.	doi:	
10.1038/s41598-021-91393-y. 

92. Rapa	 SF,	 Di	 Iorio	 BR,	 Campiglia	 P,	 Heidland	 A,	
Marzocco	 S.	 Inflammation	 and	 Oxidative	 Stress	 in	
Chronic	Kidney	Disease-Potential	Therapeutic	Role	of	
Minerals, Vitamins and Plant-Derived Metabolites. Int 
J Mol Sci.	2019;21(1):263.	doi:	10.3390/ijms21010263.	

93. Berl	 T,	 Schrier	 RW.	 Disorders	 of	 water	 metabolism.	
Chapter	1.	In:	Schrier	RW,	editor.	Renal	and	electrolyte	
disorders.	 6.	 Philadelphia:	 Lippincott	 Williams	 and	
Wilkins;	2002.1–63.	

94. Gounden	 V,	 Bhatt	 H,	 Jialal	 I.	 Renal	 Function	 Tests.	
[Updated	 2022	 Jul	 18].	 In:	 StatPearls	 [Internet].	
Treasure	 Island	 (FL):	StatPearls	Publishing;	 2023	 Jan-
.	 Available	 from:	 https://www.ncbi.nlm.nih.gov/books/
NBK507821/    

95. Chang	 AR,	 Grams	 ME,	 Navaneethan	 SD.	 Bariatric	
Surgery and Kidney-Related Outcomes. Kidney Int Rep. 
2017;2(2):261-270.	doi:	10.1016/j.ekir.2017.01.010.	

96.	 Samson	R,	Ayinapudi	K,	Le	Jemtel	TH,	Oparil	S.	Obesity,	
Hypertension,	 and	 Bariatric	 Surgery.	 Curr Hypertens 
Rep.	2020;22(7):46.	doi:	10.1007/s11906-020-01049-x.	

97. Bikman	BT,	Zheng	D,	Pories	WJ,	Chapman	W,	Pender	
JR,	 Bowden	 RC,	 Reed	 MA,	 Cortright	 RN,	 Tapscott	
EB,	 Houmard	 JA,	 Tanner	 CJ,	 Lee	 J,	 Dohm	 GL.	 The	
mechanism	 for	 improved	 insulin	 sensitivity	 after	
gastric	bypass	surgery.	J Clin Endocrinol Metab.	2008;	
93(12):4656-63.	doi	10.1210/jc.2008-1030.	

https://doi.org/10.1007/s11695-009-0026-1 T20
https://doi.org/10.1007/s11695-009-0026-1 T20
https://doi.org/10.1016/j.soard.2009.01.006
https://doi.org/10.1016/j.soard.2010.11.015
https://www.ncbi.nlm.nih.gov/books/NBK507821/
https://www.ncbi.nlm.nih.gov/books/NBK507821/



