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Effect of Bariatric Surgery on Anthropometric and
Biochemical Parameters in Morbidly Obese Patients
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A b s t r ac t
Background: The aim of this study was to evaluate the effect of bariatric surgery on the anthropometric and biochemical parameters of patients.
The effect of surgery on anthropometric parameters like weight, body mass index (BMI), waist circumference, hip circumference, and waist–hip
ratio was studied. The biochemical parameters included glycated hemoglobin A (HbA1c) and lipid profile [serum cholesterol, triglycerides,
high-density lipoprotein (HDL), low-density lipoprotein (LDL), and very low-density lipoprotein (VLDL)].
Materials and methods: The study was conducted in a tertiary healthcare center in a 1.5-year period on male obese subjects who had undergone
bariatric surgery for morbid obesity. Thorough preoperative evaluation was done by a bariatric team which included the bariatric surgeon,
dietician, endocrinologist, chest physician, anesthesiologist, and cardiologist. A total of 17 patients who underwent surgery for morbid obesity
and gave consent were included in the study and were followed up for 3 months thereafter.
Results: Significant weight loss along with a significant decrease in BMI, waist circumference, hip circumference, and waist–hip ratio was
observed at 4 weeks and 3 months after bariatric surgery. A statistically significant difference was seen in the fall in HbA1c levels. There was a
significant effect on serum cholesterol, serum triglycerides, and serum HDL and LDL levels. No statistically significant difference was seen in
serum VLDL levels.
Conclusion: Significant weight loss after bariatric surgery in men results in improved clinical outcomes. Lipid profile and glycemic control also
improved in patients over follow-up time. The improvement in metabolic parameters may serve as motivators for obese men considering surgery.
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I n t r o d u c t i o n
Obesity is a worldwide epidemic. It is one of the leading preventable
causes of death all over the world with an increasing prevalence in
both adults and children. It is one of the most serious public health
problems of the 21st century.1
Globally, there are more than 1 billion adults who are
overweight with at least 300 of them being obese. Obesity is now
recognized as a “disease” because it is a physiologic dysfunction
of the human organism with environmental, genetic, and
endocrinological causes.
Obesity most commonly develops when the caloric intake
of food exceeds energy expenditure over a prolonged period
of time. Factors influencing obesity involve energy intake or
expenditure (or both) and are affected by genetic, behavioral,
cultural, along with socioeconomic factors. Obesity is calculated
as Quetelet’s body mass index (BMI) which is a ratio of weight
(measured in kilograms) to height (measured in square meters).
Persons with BMI >30 kg/m2 are considered as obese. Morbid
obesity (BMI >40 kg/m 2) is the harbinger of many diseases
that affect essentially every organ system like cardiovascular,
respiratory, metabolic, musculoskeletal, endocrinal, reproductive,
dermatological, neurological, and many more. 2 Bariatric surgery
has been recognized as the most effective treatment for morbid
obesity. 3
Various options which are available for the treatment of obesity
can be broadly categorized into nonsurgical management and
surgical interventions. Nonsurgical management of obesity includes
behavioral modifications and interventions, pharmacotherapy
for weight loss, dietary and herbal medications, and implanted
electrical stimulators.
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However, surgical procedures are currently the most effective
therapy for long-term weight loss.4 In clinical trials, long-term
survival is better in the surgically treated group than in those
managed conservatively. Furthermore, some of these operations
lead to the rapid remission of type II diabetes in a weight loss
independent manner.5
The number of bariatric procedures performed in the United
States increased from 13,365 in 1998 to more than 200,000 in
2008.6 Bariatric surgery is usually considered when other weight
loss efforts have failed. National Institutes of Health Consensus
Development Conference Panel established the eligibility criteria in
1991. These still remain the most widely accepted criteria. Selection
and exclusion criteria are listed in Table 1.7–10
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Table 1: Selection and exclusion criteria for bariatric surgery
Selection criteria
Able to adhere to postoperative care (e.g., follow-up visits and tests,
medical management, and use of dietary supplements)
BMI ≥40 kg/m2
BMI ≥35 kg/m2 with obesity-related comorbidity
Previous failed nonsurgical attempts at weight reduction, including
nonprofessional programs (e.g., weight watchers)
Exclusion criteria
Cardiopulmonary disease that would make the risk prohibitive
Current drug or alcohol abuse
Lack of comprehension of risks, benefits, expected outcomes,
alternatives, and required lifestyle changes
Reversible endocrine or other disorders that can cause obesity
Uncontrolled severe psychiatric illness

The current surgical options can be broadly classified as
gastric restrictive, malabsorptive procedures, or a combination
of these two.11 Jejunoileal bypass is the archetype malabsorptive
procedure but has been largely abandoned because of profound
adverse metabolic consequences that include renal calculi, vitamin
deficiency, hypokalemia, hepatic dysfunction, and osteoporosis.12
Bariatric surgery has been shown to decrease fat mass in various
studies that measured body composition after bariatric surgery.13
There is a decrease in both subcutaneous and visceral fat after
bariatric surgery.14
Three procedures are commonly done: (i) laparoscopic adjustable
gastric banding (LAGB), (ii) laparoscopic sleeve gastrectomy (LSG),
and (iii) Roux-en-Y gastric bypass (RYGB). In LAGB, a hollow, flexible
silicone band is placed around the upper stomach, which causes a
restrictive effect thereby reducing stomach capacity and, henceforth,
causes rapid feelings of satiety. The band is tightened by injecting
saline into the band via a subcutaneous port which is located just
inferior to the sternum or lateral to the umbilicus.
The LSG procedure resects most of the body and all of
the fundus of the stomach, creating a long, narrow, tubular
stomach. This procedure was first used as an initial step before
a malabsorptive procedure in very high-risk patients but is now
approved as a primary stand-alone procedure.15,16
In RYGB, a small gastric pouch is formed by dividing the upper
stomach and joining it with the resected end of jejunum, so that
food bypasses the stomach and upper small bowel, thereby
restricting the size of the stomach and causing some malabsorption.
Roux-en-Y gastric bypass may be a better choice in more obese
patients and in those with type II diabetes [RYGB is the most
common procedure (51%) performed in the United States and
Canada, followed by LAGB (44%)].17 The biliopancreatic diversion,
with or without duodenal switch, is an older procedure that is no
longer commonly performed.6
The choice of procedure depends on the expertise of
the surgeon and surgical center, patient preference, and risk
stratification. Several studies have shown that the risk of serious
complications decreases with increasing procedure volume of the
surgeon and center.18–21

Aims

and

O b j e c t i v e s

The aim of this study was to study the effect of bariatric surgery
on the anthropometric and biochemical parameters of patients.

The effect of surgery on anthropometric parameters like weight,
BMI, waist circumference, hip circumference, and waist–hip ratio
was studied. The biochemical parameters included HbA1c and
lipid profile (serum cholesterol, triglycerides, HDL, LDL, and VLDL).

M at e r ia l s

and

M e t h o d s

Preoperative Evaluation
The study was carried out in the Department of Surgery, Dayanand
Medical College and Hospital, Ludhiana, on male obese subjects
who underwent bariatric surgery for morbid obesity. After due
institutional ethics committee approval, the study was conducted
in a 1.5-year time period. Preoperative evaluation was done by a
dedicated bariatric team which included the bariatric surgeon,
dietician, endocrinologist, gastroenterologist, respiratory medicine
physician, psychiatrist, anesthesiologist, and cardiologist.
The preoperative preparation of the patient included the
following:

Counseling
All patients were counseled regarding:
•
•
•
•

Management options available for obesity, including diet,
exercise, pharmacotherapy, and surgery.
Expected weight loss and benefits in terms of sustained weight
loss and resolution/improvement of comorbidities.
General information regarding all available surgical options
and risks of surgery including irreversibility of the procedure.
Need for regular follow-up and strict compliance with the
dietary, exercise, and lifestyle modifications advised before and
after the surgery.

Nutritional Counseling
Preoperative and postoperative diet was planned in consultation
with the dietician. The target weight was calculated in that session.

Detailed Patient Interview to be Included
Specific inclusion and exclusion criteria and appropriate statistical
methods and tests were applied (Table 1).
Patient’s complete medical history including history of
diabetes mellitus (DM), hypertension, hypothyroidism, and other
comorbidities along with details of treatment, duration, and the
dosages of medicines was obtained.
•

History of sleep apnea and snoring, including requirement for
assisted ventilation, home-based oxygen therapy.
All patients underwent a comprehensive multidisciplinary
bariatric evaluation, which included the following:
•
•
•
•

Cardiology evaluation: electrocardiogram, echocardiography,
and, if required, stress thallium.
Gastroenterology evaluation: an upper gastrointestinal
endoscopy was done to rule out reflux esophagitis, hiatus hernia,
and gastric ulcers.
Evaluation by pulmonary physician included pulmonary
function tests and arterial blood gas analysis.
Endocrinology evaluation for detection, assessment and
management of diabetes and hypothyroidism.

Out of a total of 17 patients, 12 (70.59%) underwent laparoscopic
sleeve vertical gastrectomy (LSVG). Mini gastric bypass (MGB) was
performed in 4 (23.53%) and open sleeve gastrectomy (OSG) in
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1 patient (5.88%) (Fig. 1). Thepatients were kept on a follow-up for
3 months from the date of surgery. Particulars and demographic
data of each patient were duly noted including their name, age,
sex, occupation, admission number, occupation, and address for
any future correspondence (Table 2).
The detailed history of each patient was obtained including
history of presenting symptoms, any preexisting comorbid
conditions, and the patient’s past history including treatment and
surgical history.
General physical examination and a thorough systemic
examination of all patients were carried out at the time of admission.
All the necessary routine preliminary investigations were done. All
patients underwent specific anthropometric measurements such as
weight, BMI, waist circumference, hip circumference, and waist–hip

ratio, which were noted preoperatively and at 4 weeks and 3 months
postoperatively. The laboratory investigations included HbA1c and
lipid profile, e.g., serum triglycerides, serum cholesterol, serum HDL,
serum LDL, and serum VLDL.
Patients presenting included in the study underwent
hematological, biochemical, and radiological investigations. For
this, patients included in the study were informed regarding their
inclusion, and a written informed consent was obtained from all
the patients included in the study.

R e s u lts
Effect on Anthropometric Parameters
Weight was measured before surgery, at 4 weeks, and 3 months
after surgery as depicted in Table 3. Preoperatively mean weight
was 138.71 ± 17.51 kg. Significant weight loss was observed at 4
weeks and 3 months when mean weight was 130.47 ± 14.77 kg and
116.53 ± 15.64 kg, respectively, thus concluding that the procedure
of bariatric surgery results in effective weight loss.
Body mass index is calculated by weight (in kg) divided by
height (in m2). The patient becomes eligible for bariatric surgery
depending upon this main parameter. There was a marked decrease
in BMI of the patients at 4 weeks and 3 months postoperatively that
was highly statistically significant.
The waist circumference decreased from mean preoperative
132.94 cm to 126.47 cm at 4 weeks and to 106.93 cm at 3 months.
The mean hip circumference decreased from preoperative 124.50
cm to 119.14 cm at 4 weeks and 108.21 cm at 3 months. The waist:hip
ratio decreased from preoperative 1.06 cm to 1.05 cm at 4 weeks
and 0.98 cm at 3 months.

Effect on Biochemical Parameters
There was a fall in HbA1c levels in patients (mean: 7.14 ± 2.62)
following bariatric surgery (Table 3). The fall in HbA1c levels at
4 weeks (mean: 6.71 ± 2.22) and 3 months (mean: 5.57 ± 1.18)
postoperatively was significant in both the groups. Serum
cholesterol levels showed a significant improvement (p = 0.003)
at 4 weeks (mean: 209.47 ± 55.67 mg/dL) when compared with
preoperative levels (mean: 194.71 ± 47.17 mg/dL) and a highly
significant improvement (p = 0.00) at 3 months (mean: 169.65 ±
31.06 mg/dL). Serum triglyceride levels showed an improvement

Fig. 1: Distribution of patients on the basis of procedure done
Table 2: Demographic data
Number (n)
Mean age (years)
Mean height (m)
Mean weight (kg)
Mean BMI (kg/m2)

17
43 ± 7.624
172.47 ± 6.09
138.71 ± 17.51
46.67 ± 6.230

Table 3: Value of various parameters before operation and after 4 weeks and 3 months of operation
Preoperative
Parameters
Weight (kg)
Weight loss
%EWL
Waist circumference
Hip circumference
Waist:hip ratio
BMI
HbA1c
Serum cholesterol
Triglyceride
HDL
LDL
VLDL

Mean
138.71
–
–
132.94
124.50
1.06
46.67
7.14
209.47
305.47
25.23
99.47
37.23

SD
17.510
–
–
13.64
8.28
0.06
6.230
2.628
55.679
76.81
5.70
40.88
15.91

4 weeks
Mean
130.47
8.47
12.96
126.47
119.14
1.05
43.95
6.71
194.71
287.70
29
94.41
35.82

SD
14.770
3.68
4.04
13.24
7.96
0.06
5.317
2.222
47.170
70.87
5.91
38.23
14.79

3 months
Mean
116.53
22.29
36.11
106.93
108.21
0.98
38.67
5.57
169.65
250.88
38.94
86
32.47

SD, standard deviation
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SD
15.649
4.91
8.99
10.83
7.48
0.05
4.610
1.181
31.068
63.08
8.16
34.08
11.87

Preoperative
vs 4 weeks

Preoperative
vs 3 months

p value
0.000

p value
0.000

0.170
0.063
0.630
0.000
0.008
0.003
0.488
0.067
0.711
0.790

0.000
0.000
0.002
0.000
0.002
0.000
0.030
0.0001
0.304
0.330
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(p = 0.488) at 4 weeks (mean: 287.70 ± 70.87 mg/dL) when
compared with preoperative levels (mean: 305.47 ± 76.81 mg/dL)
and a significant improvement (p = 0.030) at 3 months (mean:
250.88 ± 63.08 mg/dL). Serum HDL levels showed an improvement
(p = 0.067) at 4 weeks (mean: 29 ± 5.91 mg/dL) when compared
with preoperative levels (mean: 25.23 ± 5.70 mg/dL) and a highly
significant improvement (p = 0.0001) at 3 months (mean: 38.94 ±
8.16 mg/dL). Serum LDL levels showed a decreasing trend (p = 0.711)
at 4 weeks (mean: 94.41 ± 38.23 mg/dL) when compared with
preoperative levels (mean: 99.47 ± 40.88 mg/dL) and a further fall
in levels (p = 0.304) at 3 months (mean: 86 ± 34.08 mg/dL). Serum
VLDL levels showed a slight decrease at 4 weeks (mean: 35.82 ±
14.79 mg/dL) which was not statistically significant (p = 0.790) when
compared with preoperative levels (mean: 37.23 ± 15.91 mg/dL), and
this trend was consistent at 3 months (mean: 32.47 ± 11.87 mg/dL)
but again not statistically significant (p = 0.330).

D i s c u s s i o n
Success or failure of any weight-reducing technique is measured by
the extent by which body weight is reduced, which is an important
parameter of a study. In our study, mean weight loss following
bariatric surgery at 4 weeks and 3 months was 8.47 and 22.29 kg,
respectively. Out of 17 patients, 16 patients had lost more than
25% of the excess weight at 3 months following surgery with
mean percentage of excess weight loss (%EWL) at 4 weeks and 3
months being 12.96 and 36.11%, respectively. There was a significant
decrease in BMI at 3 months following LSG in our study group with
mean BMI at 4 weeks and 3 months being 43.95 and 38.67 kg/m2
when compared with the preoperative values of 46.67 kg/m2.
Similar results were found by Alagna et al.22 at mean 12 ± 1
months postsurgery, the patients showed a significant decrease
in weight, from 132.1 ± 36.9 kg before surgery to 93.5 ± 20 kg (p <
0.0001), and BMI, from 47.3 ± 13.1 kg/m2 before surgery to 33.5 ±
7 kg/m2 (p < 0.0001).
Omana et al. 23 found the same results when studied men
undergoing surgery lost weight; the %EWL was 61.48% (confidence
interval: 47.3875–75.5725).
Similarly, mean weight loss observed by Bastounis et al.24 in
their study was 70 ± 10 kg for men. The mean body weight and
BMI 12 months after vertical banded gastroplasty were 109 ± 20.5
kg and 34.7 ± 6.5 kg/m2, respectively.
Chowbey et al.27 reported the Indian experience of‘ 75 patients
who underwent LSG for the treatment of morbid obesity. There was
a steady rise in %EWL from 31.2% at 3 months to 52.3% at 6 months,
59.13% at 1 year, and 65% at 2 years.
An important reason for reduction in BMI and %EWL is due to
effect of LSG on gastric emptying time. The time required for half of
the solid meal to leave the stomach (T1/2) gets significantly altered
following LSG, indicating that the stomach empties solid foods
rapidly and possibly incompletely processed into the duodenum.
Excision of the fundus and absence of receptive relaxation, as well
as alterations in the contractile activity in the proximal stomach, are
possible explanations for the decreased T1/2. Laparoscopic sleeve
gastrectomy thus induces weight loss by reducing food intake,
accelerated gastric emptying, and delivery of nutrients to the small
intestine early in the eating cycle which activates small intestine
satiety inducing chemoreceptors that modify food ingestion
periodicity, inhibit glucagon secretion, and reduce bowel motility
and thus reducing appetite and food intake. Postprandial satiety is
provoked with significantly less food than preoperatively.

Effect on Biochemical Parameters
Laparoscopic sleeve gastrectomy has been shown to reduce
comorbidities and mortality in patients with morbid obesity and
most significantly to ameliorate or resolve type II DM. Much of the
improvement has been related to the excess weight loss after surgery.
However, some effects appear to be independent from weight loss.
In our study, there was a significant reduction in the levels of
HbA1c at 4 weeks and 3 months postoperatively in diabetic patients
with mean HbA1c at 4 weeks and 3 months being 6.71% and 5.57%,
respectively, when compared with the mean preoperative value
of 7.14%.
Todkar et al.25 also showed a decrease in HbA1c levels after LSG.
This also proves that LSG has a significant role in improvement and
remission of diabetes.
The achievement of normoglycemia after bariatric procedures
results from multiple changes that occur postoperatively such as
control of diet/dietary modifications, decreased plasma ghrelin
levels, which, in turn, leads to an increase in maximal capacity
of glucose-induced insulin release by the islet cells. Other
causes of normoglycemia include loss of weight, reduction of
body fat, and the release of gastrointestinal hormones. These
hormones further interfere with the function of pancreatic
β-cells (incretins).
Dyslipidemia is a recognized cardiovascular risk factor in
obese patients. In our study, there was a significant decrease in
serum cholesterol and serum triglycerides levels at 3 months with
a significant improvement in serum HDL levels. Serum LDL and
serum VLDL levels also showed a decreasing trend, however not
statistically significant in this study, citing further follow-up to 1–2
years. Five dyslipidemic patients achieved normal serum cholesterol
levels (<240 mg/dL) within 3 months of surgery and thus showed a
resolution of dyslipidemia. A study done by Chowbey et al. showed
similar results with the resolution of dyslipidemia in 34% of the
patients with a significant decrease in mean cholesterol and LDL
levels 6 months after LSG.25 Todkar et al. conducted a study on 20
dyslipidemic patients who underwent LSG. Parameters like serum
cholesterol, triglycerides, and LDL levels showed a marked increase
in HDL levels.26 A significant decrease in serum cholesterol, LDL,
and serum triglyceride levels with an increase in serum HDL levels
following sleeve gastrectomy in 130 obese patients undergoing
LSG was documented by Hady et al.26

Effect on Anthropometric Parameters
In our study, mean waist circumference of 17 obese patients was
132.94 ± 13.64 cm preoperatively. Postoperatively at 4 week, the
mean waist circumference decreased to 126.47 ± 13.24 cm, but waist
circumference showed a significant decrease/reduction at 3 months
following surgery with the mean values falling down to 106.93 ±
10.84 cm. There was a decrease in waist-to-hip ratio at 4 weeks
postoperatively, from mean preoperative value of 1.06 ± 0.06 cm
to mean values of 1.05 ± 0.06 cm and a further significant decrease
to 0.98 ± 0.05 cm at 3 months, respectively. This signifies that LSG
as a sole bariatric procedure decreases the risk of central obesity.
In our study, there is no significant change in hip circumference of
the patients.
In a study conducted by Hady et al., similar findings were
documented in a clinical report which got published in 2012. After
1 year of the surgery, waist circumference in women decreased
from 122.8 ± 18.4 cm to 89 ± 8.2 cm and in men from 134.2 ±
27.6 cm to 106 ± 9.66 cm.27
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C o n c lu s i o n
Significant weight loss and decrease in anthropometric parameters
after bariatric surgery in men results in improved clinical outcomes.
Lipid profile and glycemic control also improved in patients over
follow-up time. The improvement in these parameters may serve
as motivators for obese men considering surgery.
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