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ABSTRACT

Introduction: Obesity is associated with multiple 
comorbidities such as dyslipidemia. Objective: To analyze 
changes in lipid parameters in patients undergoing bariatric 
surgery procedures. Material and methods: Longitudinal 
study in patients undergoing bariatric surgery in 2016. 
Post-procedure changes in lipid parameters were recorded. 
Results: 66 patients were included. Gastric sleeve was 
performed in 33.3%, Roux-en-Y bypass in 22.7% and 
single-anastomosis bypass in 43.9%. Initial patient weight 
was 122 ± 26.9 kg and initial patient BMI was 46.72 ± 
8.7 kg/m2. Atherogenic dyslipidemia (AD) was present in 
83.3%. Statistically significant differences were found in all 
the variables studied at one year of follow-up; there were 
no differences between the different techniques employed 
in weight: p = 0.674, %EPP: p = 0.420, TG: p = 0.287, 
and c-HDL: p = 0.432; there were statistically significant 
differences in changes in TC (p = 0.0001) and LDL-C 
(p = 0.01). When evaluating the indices, a statistically 
significant difference was found in all of them at baseline 
and at 12 months of follow-up (p = 0.001) with no difference 
between the surgical procedures studied. With respect to AD, 
significant improvement was observed at one year follow-up 
(p = 0.05) with remission in 74%. Conclusions: Bariatric 
surgery is associated with improvement in different lipid 
parameters with remission of AD in most patients regardless 
of the type of procedure performed.

RESUMEN

Introducción: La obesidad se asocia a múltiples comor-
bilidades como la dislipidemia. Objetivo: Analizar los 
cambios en los parámetros lipídicos en pacientes some-
tidos a procedimientos de cirugía bariátrica. Material y 
métodos: Estudio longitudinal en pacientes sometidos a 
cirugía bariátrica en 2016. Se registraron los cambios 
posteriores al procedimiento. Resultados: Se incluyeron 
66 pacientes. Se realizó manga gástrica en 33.3%, bypass 
en Y de Roux en 22.7% y bypass de una anastomosis en 
43.9%. Peso inicial de 122 ± 26.9 kg e IMC inicial de 
46.72 ± 8.7 kg/m2. Se presentó dislipidemia aterogénica 
(DA) en 83.3%. Se encontraron diferencias significativas 
en todas las variables estudiadas al año de seguimiento; sin 
diferencia entre las diferentes técnicas en peso: p = 0.674, 
%EPP: p = 0.420, TGC: p = 0.287 y c-HDL: p = 0.432; 
si en los cambios de CT (p = 0.0001) y c-LDL (p = 0.01). 
Al evaluar los índices, en todos se encontró diferencia 
significativa al inicio y a los 12 meses de seguimiento (p 
= 0.001) sin diferencia entre las técnicas estudiadas. Con 
respecto a la DA, se observó mejoría significativa al año 
de seguimiento (p = 0.05) con remisión en 74%. Conclu-
siones: La cirugía bariátrica se asocia a mejoría de los 
diferentes parámetros lipídicos con remisión de la DA en 
la mayoría de los pacientes independientemente del tipo 
de procedimiento realizado.

How to cite: Ruiz-Mar G, Ornelas-Oñate LA, Ruelas-Ayala A, Ramírez-Velásquez JE. Changes in lipid parameters in patients 
undergoing bariatric surgery. Lipid parameters and bariatric surgery. Cir Gen. 2020; 42 (3): 203-209.

INTRODUCTION

Overweight and obesity are defined as an 
abnormal or excessive accumulation of fat 

that is detrimental to health. In adults, the World 

Health Organization (WHO) defines overweight 
when the BMI (body mass index) is 25-29.9 
kg/m2; and obesity when the BMI is equal to 
or greater than 30 kg/m2. According to WHO 
data in 2014 more than 1.9 billion adults aged 
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18 or older were overweight, of which more 
than 600 million were obese.1 Regarding data 
from the National Health and Nutrition Survey 
(ENSANUT) 2016 in Mexico, three out of 10 
children under 11 years of age were overweight 
or obese as well as four out of 10 adolescents and 
seven out of 10 adults; an increase in overweight 
and obesity figures was observed in adult women 
and in rural areas.2

Obesity is associated with the presence of 
insulin resistance in peripheral tissues together 
with the existence of a proinflammatory state 
caused mainly by the release of different 
cytokines and hormones by adipose tissue.3 
Obesity has been related to the presence of 
atherogenic dyslipidemia, characterized by 
low levels of high-density cholesterol (HDL-C), 
hypertriglyceridemia and increased levels of low-
density cholesterol (LDL-C). On the other hand, 
bariatric surgery has proven to be an effective 
treatment alternative in patients with obesity and 
its comorbidities. The present study was carried 
out to evaluate the changes in the different lipid 
indices after bariatric surgery.

MATERIAL AND METHODS

An observational, longitudinal, and analytical 
study approved by the institution’s research 

commit tee wi th reg i s t ra t ion number 
DIR/19/310B/3/006 was carried out, where 
patients undergoing bariatric surgery at the 
Comprehensive Care Center for Diabetes 
and Obesity (CAIDO) of the General Hospital 
of Mexico in the period from January to 
December 2016 were evaluated. Patients 
taking hypolipidemic drugs or with metabolic 
syndrome were excluded. The indication for 
the type of surgical procedure (gastric sleeve, 
Roux-en-Y gastric bypass [RYGB] or single-
anastomosis gastric bypass [SAGB]) was based 
on clinical criteria and on the consensus of the 
different specialists at the clinic. All patients 
were evaluated preoperatively and at one, 
three, six and 12 months postoperatively. 
During each visit weight, BMI, % of excess 
weight lost (%EWL) and biochemical tests for 
total cholesterol (TC), high-density lipoprotein 
cholesterol (HDL-C), low-density lipoprotein 
cholesterol (LDL-C) and triglyceride (TG) levels 
were measured.

Body mass index (BMI) is calculated as 
weight in kilograms divided by squared height 
(kg/m2).1 The percent of Excess Weight Loss 
(%EWL) was calculated based on the excess 
weight compared to the weight corresponding 
to a BMI of 25 kg/m2.4 The atherogenic index 
(AI) was obtained with the TC/HDL-C ratio 

Table 1: Baseline features of patients.

Gastric sleeve (22) SAGB (29) RYGB (15) p

Weight (kg) 125 ± 26.0 122 ± 33.0 118 ± 29 0.796
BMI (kg/m2) 47 ± 9.0 47 ± 9.0 45 ± 8 0.799
TC (mg/dl) 180 ± 34.0 171 ± 33.0 178 ± 35 0.663
TG (mg/dl) 167 ± 97.0 154 ± 62.0 203 ± 107 0.199
HDL-C (mg/dl) 38.6 ± 10.0 39.8 ± 9.0 38.2 ± 10 0.837

LDL-C (mg/dl) 106.6 ± 28.0 106.5 ± 23.0 105.3 ± 35 0.988
CT/HDL-C 4.9 ± 1.2 4.5 ± 1.1 4.9 ± 1.3 0.378
TG/HDL-C 4.7 ± 3.5 4.03 ± 1.8 5.5 ± 2.7 0.210
LDL-C/HDL-C 2.9 ± 0.9 2.8 ± 0.8 2.9 ± 1.1 0.860
Non-HDL-C 140.9 ± 33.0 131 ± 36.0 139.3 ± 35.0 0.555

SAGB = single-anastomosis gastric bypass, RYGB = Roux-en-Y gastric bypass, BMI = body mass index, TC = total 
cholesterol, TG = triglycerides, HDL-C = high-density lipoprotein cholesterol, LDL-C = low-density lipoprotein-cholesterol.
Own elaboration.
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considering a value > 4.5 as a predictor of 
coronary risk.5 The TG/HDL-C index was 
obtained dividing the total fasting triglyceride 
level by HDL-C, where the cut-off values that 
have been associated with elevated insulin 
levels (as an indicator of insulin resistance) 
correspond to 2.5 in women and 3. 5 in men,6 
so that a value greater than 3 in adults has been 
considered as a marker of insulin resistance.7,8 
Non-HDL cholesterol (non-HDL-C) is a measure 
of LDL, intermediate density LDL-C (IDL) and 

very low density (VLDL-C) cholesterol5 and 
is calculated by subtracting HDL-C from the 
TC value; non-HDL cholesterol has been 
found to be the main determinant of early 
atherosclerosis.9 Atherogenic dyslipidemia (AD) 
was defined as a triglyceride value > 150 mg/
dl, and HDL-C less than 40 mg/dl in men and 
50 mg/dl in women.4

A sample size calculation was performed 
with the Gpower 3.1 software indicating a total 
of 40 patients to achieve a statistical power of 

Figure 1:

Changes in 
the different 

variables after 
bariatric surgery. 

All variables 
show statistically 

significant 
improvement 

12 months after 
the intervention 

regardless of the 
type of surgical 
procedure used 
(p < 0.05). The 

p-value shown in 
the image represents 

the difference 
between the different 

techniques for each 
variable: A) Weight, 

p = 0.674; B) 
%EWL, p = 0.420; 

C) Total cholesterol, 
p = 0.0001; D) 

Triglyceride level, 
p = 0.237; E) 

HDL-C, p = 0.432; 
F) LDL-C, p = 0.01. 
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results shown are 
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Own elaboration.
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0.8, an α-error of 0.05 and a β-error of 0.2. 
For data analysis, measures of central tendency 
were used as descriptive statistics. A general 
linear repeated measures model was used to 
evaluate changes in laboratory parameters and 
weight loss, and ANOVA to evaluate differences 
between the various techniques. A value of p 
< 0.05 was considered statistically significant. 
The analyses were performed using the IBM 
SPSS v. 20 package.

RESULTS

A total of 66 patients were studied. The group 
consisted of 56 women (84.4%) and 10 men 
(15.6%). The surgical procedures performed 
were: 22 gastric sleeves (33.3%), 15 Roux-en-Y 
bypasses (22.7%) and 29 single-anastomosis 
bypasses (43.9%). The baseline characteristics 
of the patients are shown in Table 1.

ANOVA repeated measures were performed 
to evaluate changes in the different variables 
over time (Figure 1). Statistically significant 
differences were found in all the variables 
studied at 1-year follow-up. No differences 
were observed in weight (p = 0.674), %EWL 
(p = 0.420), TG levels (p = 0.287) and HDL-C 
(p = 0.432) between the different surgical 
techniques. A statistically significant difference 
was found in the changes in TC (p = 0.0001) 
and LDL-C (p = 0.01).

When evaluating the different indices, a 
statistically significant difference was found in all 
of them at baseline and at 12 months of follow-
up (p = 0.001) (Figure 2). No difference was 
detected between the techniques studied (Table 
2). Regarding atherogenic dyslipidemia (AD), it 
was present in 83.3% of patients at baseline: 
19 (86.3%) with gastric sleeve, 23 (79.3%) with 
SAGB, and 13 (86.6%) with RYBG. Statistically 
significant improvement was observed at one 
year follow-up (p = 0.05) with remission in 74% 
of patients, with no difference observed between 
the different surgical techniques.

DISCUSSION

Obesity has become a pandemic and is 
considered a priority issue for public health, 
research, and economics worldwide. The 
prevalence of AD is associated with overweight, 

obesity, diabetes mellitus, and myocardial 
infarction.10 In the present study it was found 
that 83.3% of patients showed criteria for AD 
prior to surgery, with remission of AD in 74% of 
cases following the bariatric surgery procedure. 
This correlates with previously reported data, 
where 20-63% of pre-surgical patients had 
criteria for AD with a post-surgical remission 
of 62-74%.4,11 No significant differences 
in remission were found between patients 
undergoing gastric sleeve, Roux-en-Y bypass 
or single-anastomosis bypass procedures as 
reported in the literature.12,13 Likewise, a 
decrease in TG levels to normal ranges was 
observed in 89.4% of patients, in TC in 89.3%, 
and in HDL-C in 74.2% at 12 months of follow-
up, which is in agreement with previous studies 
reporting a 30-63% decrease in TG and a 12-
39% increase after bariatric surgery.14,15

TC values decreased to normal values in up 
to 89.3% of the cases, which correlates with an 
increase in HDL-C and a decrease in LDL-C, 
with the degree of increase in HDL-C being of 
greater importance in assessing the reduction 
in cardiovascular risk.15

With respect to HDL-C, it is important to 
highlight that an abrupt decrease in its values 
was observed in the first month after the surgical 
procedure, probably due to the postsurgical 
diet, followed by an overt and statistically 
significant increase after three months post-
surgery, correlating with previous descriptions 
in the literature and independent of the type of 
surgery used,12,16 suggesting that the increase 
in HDL-C values does have a direct correlation 
with weight loss after the procedure.

Non-HDL cholesterol has been suggested 
as a therapeutic target in patients with 
hypertriglyceridemia and high cardiovascular 
risk, and it has also been said that it may be 
a marker of apo-B concentration in clinical 
practice.5 In this study, a decrease in non-HDL 
cholesterol levels was observed together with 
an increase in HDL-C levels with a less marked 
decrease in TC levels as previously reported.15

Atherogenic index (AI) has been related 
to insulin resistance and as the best predictor 
of cardiovascular risk.5 The greatest decrease 
in the level of the AI was detected at three 
months post-surgery and was maintained 
through follow-up as reported by Climent et 
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Figure 2:

Changes in 
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Table 2: Changes in the different lipid parameters.

Gastric sleeve SAGB RYGB

Baseline 12 months Baseline 12 months Baseline 12 months p-value*

CT/HDL-C 4.9 ± 1.2 3.5 ± 0.8 4.5 ± 1.1 3.3 ± 0.9 4.9 ± 1.3 3.3 ± 1.1 0.672
TG/HDL-C 4.7 ± 3.5 2.1 ± 0.8 4.03 ± 1.8 2.3 ± 1.2 5.5 ± 2.7 2.3 ± 1.2 0.23
LDL-C/HDL-C 2.9 ± 0.9 2 ± 0.6 2.8 ± 0.8 1.9 ± 0.6 2.9 ± 1.1 1.8 ± 0.9 0.77
Non-HDL-C 140.9 ± 33.0 122 ± 23.0 131 ± 36.0 102 ± 25.0 139.3 ± 35.0 104 ± 28.0 0.07
Dyslipidemia (%) 19 (86.4) 4 (18.2) 23 (79.3) 8 (27.6) 13 (86.7) 3 (20.0) 0.05

*Difference among techniques.
Own elaboration.

al,4 who mentioned that the decrease in AI 
levels correlates with a remission of AD and an 
improvement in the HOMA-IR index.

When comparing our results with those of 
other centers for obesity and its comorbidities 
in Mexico, we observed that Molina-Ayala et 
al17 reported a significant decrease in weight, 

glucose, insulin, HOMA-IR, TC, TG, HDL-C, 
LDL-C, and uric acid levels one year after the 
bariatric surgery procedure. Reyes-Perez et al18 
showed similar results in postoperative Roux-
en-Y gastric bypass patients in a private setting. 
The age of the patients was 40.1 ± 11.5 years; 
women represented 42% of the group and the 
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initial BMI was 42 ± 6.5 kg/m2. Likewise, at 
the Mexican Instituto Nacional de Ciencias 
Médicas y Nutrición “Salvador Zubirán”, 
postoperative Roux-en-Y gastric bypass patients 
were analyzed, reporting a mean age of 38 ± 
10; the BMI at the beginning of the study was 
48 ± 6 kg/m2 with a %EWL of 70% one year 
after the procedure. The values for HDL-C, 
LDL-C and TG decreased significantly one year 
after the surgical procedure.19

The reduction in the different lipid 
parameters after bariatric surgery has been 
associated with a decrease in cardiovascular 
events and deaths from the same cause,20 so the 
results in the remission and improvement of the 
different lipid alterations in patients undergoing 
bariatric surgery are of utmost importance. 
Among the limitations of the present study, we 
found that lifestyle data such as dietary habits 
and physical activity were not assessed and 
given the small sample size, it is difficult to 
extrapolate the results due to an inadequate 
statistical power.

CONCLUSIONS

Bariatric surgery is associated with frank 
improvement of the different lipid parameters, 
with remission of AD in most patients from the 
third month and continuing 12 months after 
surgery (p = 0.0001). Weight loss seems to 
have the greatest impact on the decrease of 
the different indexes and this improvement 
is independent of the type of procedure 
performed. A non-statistically significant 
decrease in weight (p = 0.674), %EWL (p = 
0.420), TG levels (p = 0.287) and HDL-C levels 
(p = 0.432) among the different techniques 
were seen. Therefore, we can conclude that 
bariatric surgery is a therapeutic option in obese 
patients with AD from the first months of the 
procedure. As this is a preliminary study, we 
should continue to observe the lipid behavior 
over a longer period and with a larger number 
of patients.
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