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INTRODUCTION 

Residual cardiovascular risk in obese patients is due, at least in part, to atherogenic 

dyslipidemia (AD), characterised by low high-density lipoprotein (HDL) cholesterol 

levels, hypertriglyceridemia and an increased proportion of small and dense LDL 

particles [1,2]. Current clinical guidelines do not fully address AD as their 

recommendations are mainly based on LDL cholesterol goals [3] or statin therapy [4] 

and it is therefore a condition that is frequently underdiagnosed, undertreated and 

undercontrolled [5,6]. On the other hand, bariatric surgery (BS) is known to be an 

effective treatment for severe obesity and its comorbidities, which in turn produces a 

significant reduction in cardiovascular risk [7]. In this respect, previous studies, 

mostly in the short term after BS, have reported a type 2 diabetes mellitus remission 

rate of 70-80% [7,8] and 50-70% remission of hypertension [7,9]. Moreover, although 

it is known that BS improves lipid profile, with approximately 70% improvement in 

hypercholesterolemia [10,11], no previous studies have focused on the impact of BS 

on AD separately. Thus, the aim of the present study was to analyse the remission 

rate of AD 1 year after BS.  
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METHODS 

A retrospective analysis of a non-randomised prospective cohort was 

conducted on severely-obese patients undergoing BS at the Hospital del Mar, 

Barcelona, from January 2005 to May 2014. Patients were between 18 and 55 years 

of age and met the 1991 BS criteria of the National Institutes of Health [12]. The 

indication for the type of surgical procedure (laparoscopic sleeve gastrectomy and 

laparoscopic Roux-en-Y gastric bypass) was based on clinical criteria and the 

consensus of the BS Unit. In this respect, laparoscopic sleeve gastrectomy was 

preferred in younger patients, in those with a body mass index of 35 – 40 kg/m2, as a 

first-step treatment in cases with body mass index > 50 kg/m2 (although given the 

positive laparoscopic sleeve gastrectomy outcomes none of these patients had to 

further undergo laparoscopic Roux-en-Y gastric bypass), and when drug 

malabsorption was to be avoided.  

All patients were evaluated preoperatively and at 3, 6 and 12 months after 

surgery. Lipid-lowering therapy was supervised by the endocrinologist of the BS Unit 

throughout the preoperative, in-hospital and follow-up periods. Protocol visits 

included measurements of weight, waist and hip circumferences, blood pressure, and 

laboratory tests for glucose, insulin, glycated haemoglobin, total cholesterol, HDL 

cholesterol and triglycerides. 

All patients signed an informed consent for the procedure and the study. The 

Ethics Committee of our Institution approved the protocol in accordance with the 

ethical guidelines of the 1975 Declaration of Helsinki. 

Body mass index was calculated as weight in kilograms divided by height in 

square metres and the percentage of excess weight loss was based on the excess 
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weight compared to the weight corresponding to a body mass index of 25 kg/m2 for 

each patient. 

Total cholesterol and triglycerides were determined using enzymatic methods 

in a Cobas Mira automatic analyser (Baxter Diagnostics AG, Düdingen, Switzerland). 

HDL cholesterol was measured using separation by precipitation with 

phosphotungstic acid and magnesium chloride. Glucose was determined by the 

oxidase method. Glycated haemoglobin was quantified by chromatography 

(Biosystem, Barcelona, Spain). Insulin was measured by radioimmunoassay (Insulin 

kit, DPC, Los Angeles, CA, USA). Non-HDL cholesterol was calculated as total 

cholesterol minus HDL cholesterol. HOMA-IR index was estimated using the 

following formula: HOMA-IR = insulin (mU/ml) x fasting glucose (mmol/l) / 22.5 [13]. 

Atherogenic index of plasma was calculated as log [triglycerides (mmol/l) / HDL 

cholesterol (mmol/l)]. 

AD was defined as triglycerides ≥ 1.71 mmol/l or treatment with fibrates and 

low HDL cholesterol (< 1.03 mmol/l in men or < 1.3 mmol/l in women) [2]. AD 

remission was defined as triglycerides < 1.71 mmol/l without fibrate therapy and HDL 

cholesterol levels ≥ 1.03 mmol/l in men or ≥ 1.3 mmol/l in women. Criteria for 

hypertension diagnosis were current treatment with antihypertensive agents and/or 

systolic blood pressure > 140 mm Hg and/or diastolic blood pressure > 90 mmHg 

[14]. Type 2 diabetes mellitus was defined as two fasting plasma glucose values > 

6.94 mmol/l or glycated haemoglobin ≥ 6.5% or treatment with non-insulin 

hypoglycaemic agents or insulin [15]. Hypercholesterolemia was defined as total 

cholesterol > 5.2 mmol/l or use of cholesterol-lowering drugs [16]. Metabolic 

syndrome was defined as waist circumference > 102 cm in men or > 88 cm in 

women, triglycerides ≥ 1.71 mmol/l, HDL cholesterol < 1.03 mmol/l in men or < 1.3 
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mmol/l in women, blood pressure ≥ 130 or ≥ 85mmHg and fasting glucose ≥ 6.1 

mmol/l. When 3 of the 5 characteristics were present, the diagnosis of metabolic 

syndrome could be made [17].  

The laparoscopic Roux-en-Y gastric bypass technique consisted of a 150-cm 

antecolic Roux limb with a 25-mm circular pouch-jejunostomy and exclusion of 50 cm 

of the proximal jejunum. In laparoscopic sleeve gastrectomy, longitudinal resection of 

the stomach from the angle of His to approximately 5 cm proximal to the pylorus was 

performed using a 35 French bougie inserted along the lesser curvature. The same 

team of surgeons performed all operations. 

Data was expressed as mean ± standard deviation for continuous variables 

and as percentages and frequencies for categorical variables. Student’s t-test was 

performed to assess differences between two means. Chi-square or Fisher’s exact 

tests were used to evaluate the degree of association between categorical variables. 

ANOVA models were used to study the evolution of continuous variables in each 

group and analyse differences between groups at each time point from baseline. A 

two-sided p value < 0.05 was considered statistically significant. Statistical analysis 

was made with SPSS (version 19.0 for Windows; SPSS, Chicago, IL). 



 5 
 

RESULTS 

A total of 380 Caucasian patients underwent BS between 2005 and 2014; of 

these, 24 were lost during follow-up without mortality. Of the 356 patients who 

completed follow-up, 203 (57.0%) underwent laparoscopic Roux-en-Y gastric bypass 

and 153 (43.0%) laparoscopic sleeve gastrectomy. Eighty per cent were women with 

a median age of 44.3 ± 8.7 years and a body mass index of 44.1 ± 5.1 Kg/m2. Thirty-

three (9.3%) patients were receiving treatment with statins alone, 3 (0.8%) statins 

plus ezetimibe, 11 (3.1%) fibrates and 3 (0.8%) a combination of statins and fibrates. 

AD was present in 22.8% of the study cohort, hypercholesterolemia in 40.7%, type 2 

diabetes mellitus in 22.1%, hypertension in 41.4%, and the metabolic syndrome in 

66.9%. Patients with AD were more frequently men, had a larger abdominal 

circumference and higher total cholesterol and non-HDL cholesterol concentrations. 

Furthermore, they also had a higher percentage of type 2 diabetes mellitus, 

hypertension, and the metabolic syndrome and were more frequently smokers (Table 

1). 

The percentage of excess weight loss was progressive 1 year after BS, with 

no differences between patients with and without AD (Figure 1). 

The AD remission rate after surgery was 74.1% at 3 months, 90.1% at 6 

months and 96.3% at 1 year. Focusing on the 2 different surgical techniques, 12 

months AD remission was 98.0% after sleeve gastrectomy and 100% after Roux-en-

Y gastric bypass (p=0.078). Moreover, no patients without AD at baseline developed 

this atherogenic profile 1 year after surgery. With respect to AD components, HDL 

cholesterol rose progressively from 6 months onwards after BS in both groups, being 

significantly higher in the AD group with respect to the group without AD (47.6 ± 

31.6% versus 24.1 ± 23.2%, respectively; p < 0.001) (Figure 2A). Triglyceride levels 



 6 
 

also showed an improvement that was already evident at 3 months in both groups 

but with a greater significant decrease in the AD group throughout all follow-up (49.3 

± 21.3% versus 21.2 ± 53.0%, respectively; p < 0.001) (Figure 2B). Regarding lipid-

lowering therapy prior to surgery, fibrates and ezetimibe could be withdrawn in all 

patients after BS and statins in 69.4%. 

With respect to non-HDL cholesterol, 78.8% in the AD group and 58.7% in the 

non-AD group presented levels > 3.3 mmol/l at baseline, decreasing after BS to 

43.2% and 28%, respectively. Non-HDL cholesterol levels > 2.6 mmol/l were present 

at baseline in 98.8% of patients in the AD group and 88.0% in the non-AD group, 

dropping at 1 year after BS to 76.5 % and 66.5%, respectively. 

Atherogenic index of plasma had decreased in both groups 1 year after BS, 

with a greater decline in the AD group compared to the group without the atherogenic 

profile (Figure 2C). Finally, insulin resistance also dropped in both groups, with the 

greatest decrease in the first 3 months in the group with AD (Figure 2D). 
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DISCUSSION  

The present study, the first to focus on AD in severely-obese patients 

undergoing BS, shows that approximately 20% of these patients meet AD criteria 

prior to surgery, and that almost all are in complete remission 1 year after surgery. 

The prevalence of AD in general Spanish population is 4.9% [18]. Moreover, 1 

of every 6 patients treated in lipid units have AD: the prevalence of this condition is 

associated with overweight/obesity, diabetes, previous myocardial infarction or heart 

failure and lack of lipid-lowering therapy [19]. In our study, the increased prevalence 

was probably due to the fact that a strong link exists between abdominal obesity and 

AD. Despite this close relationship, data on prevalence of AD before surgery in 

cohorts of BS patients are lacking. Previous studies on this group of patients have 

reported on HDL and triglyceride levels separately, with a prevalence of 

hypertriglyceridemia close to 25% and 40% with low HDL levels before surgery 

[20,21].  

In this study, a 52% decrease in triglycerides and a 44% increase in HDL 

cholesterol levels was observed in the group with AD at 12 months. These results 

concur with those of previous BS studies, which reported a 30-63% decrease and a 

12-39% increase in triglyceride and HDL cholesterol levels, respectively, in the short 

term after surgery [22,23]. 

Some findings of the present study should be highlighted. First, triglyceride 

concentrations showed a greater decrease from 3 months onwards after BS and 

before major weight loss occurred. This suggests that hypertriglyceridemia 

improvement does not depend only on weight loss and that other factors are 

involved. HOMA-IR showed a parallel decrease to triglycerides (with the biggest drop 

in the first 3 months), and may therefore be linked to AD improvement as they share 
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a physiopathological basis [11]. In fact, a preceding study by our group revealed the 

main predictors of triglyceride reduction to be HOMA-IR decrease and baseline 

triglycerides [20]. 

With respect to HDL cholesterol, levels began to rise at 6 months onwards 

after surgery, coinciding with the achievement of significant weight loss. This feature, 

together with the similar results reported regardless of surgical technique [24,25], 

may probably account for HDL improvement being related more to weight loss 

compared to hypertriglyceridemia. 

Atherogenic index of plasma is a logarithmic ratio composed of triglycerides 

(numerator) and HDL cholesterol (denominator) [26]. This ratio presents a positive 

correlation with the degree of HDL esterification, a negative correlation with LDL 

particle size and is related to insulin resistance, thereby predicting an increase in 

atherogenic plasma risk [27]. In this study, atherogenic index of plasma showed the 

greatest decline at 3 months onwards after surgery in the AD group concurrently with 

HOMA-IR evolution. On the same lines, Garcia-Marirrodriga et al [28] found the 

reduction in the atherogenic index of plasma to be related to AD and HOMA-IR 

improvement. 

Although we did not compare the different surgical techniques used, preceding 

studies found that the major components of AD improved similarly with both 

techniques [20,29]. This differed from LDL cholesterol, which showed a greater 

improvement with malabsorptive procedures [30].  

Since almost all patients show complete AD remission at 1 year after BS in the 

present study, and a significant number achieved non-HDL cholesterol goals, a 

decline in cardiovascular risk is therefore expected. A reduction in the number of 

cardiovascular events (HR 0.47) and cardiovascular deaths (HR 0.67) has been 
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previously described in obese adults after BS in the Swedish Obese Subjects group 

[31].  

Limitations of the study were mainly due to the low percentage of males in the 

study group, although it is important to emphasise that this ratio was similar to those 

of other bariatric surgery series [32]. Data on lifestyle habits such as diet and 

physical activity were not available. Finally, although LDL particle size and 

apolipoprotein B were not measured, the atherogenic index of plasma logarithm and 

non-HDL cholesterol were estimated.  

In conclusion, among other metabolic effects, BS has benefits on the lipid 

profile, with complete remission of AD being achieved at 1 year of follow-up in almost 

all patients. Weight loss appeared to have a greater impact on HDL cholesterol than 

on triglyceride improvement. Given the known refractoriness of AD to lifestyle 

modifications and the paucity of clinical evidence on the effectiveness of 

pharmacological treatment with fibrates, BS could be considered a therapeutic 

approach for patients with morbid obesity and AD, although more long-term studies 

are required.  
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FIGURE LEGENDS 

Figure 1: Changes in percentage of excess weight loss during follow-up after the 

bariatric surgical procedure in patients with and without atherogenic dyslipidemia. 

Legend: *Differences between groups from baseline (p<0.05); ƚ Differences from 

baseline in subjects without atherogenic dyslipidemia (p<0.05); ¥ Differences from 

baseline in subjects with atherogenic dyslipidemia (p<0.05). 

 

Figure 2: Changes in HDL-cholesterol (A), triglycerides (B), atherogenic index (C), 

and HOMA-IR (D) during follow-up after the bariatric surgical procedure in patients 

with and without atherogenic dyslipidemia.  

Legend: *Differences between groups from baseline (p<0.05); ƚ Differences from 

baseline in subjects without atherogenic dyslipidemia (p<0.05); ¥ Differences from 

baseline in subjects with atherogenic dyslipidemia (p<0.05). 
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Table 1. Clinical characteristics of severely-obese patients with and without 

atherogenic dyslipidemia.  

 
 AD 
n = 81 

No AD  
n = 275 

p 

Women (%)  57 (70.4) 228 (82.9) 0.012 

Age (years)  44.7 ± 9.3 44.2 ± 8.5 0.624 

BMI (kg/m²) 43.9 ± 5.3 44.1 ± 5.0 0.800 

Abdominal circumference (cm) 130.9 ± 9.6 127.3 ± 12.8 0.032 

Type of surgery (% of LRYGB) 37 (45.7) 166 (60.4) 0.013 

Total cholesterol  (mmol/l)  5.1 ± 0.8  4.9 ± 0.9  0.049 

HDL cholesterol (mmol/l)  1.0 ± 0.2  1.3 ± 0.4  <0.001 

Triglycerides (mmol/l)  2.5 ± 0.9 1.2 ± 0.4  <0.001 

Non-HDL cholesterol (mmol/l)  4.1 ± 0.8  3.6 ± 0.9  <0.001 

Hypercholesterolemia (%) 35 (43.2) 110 (40.0) 0.381 

Type 2 diabetes mellitus (%) 35 (43.2) 44 (16.0) <0.001 

Hypertension (%) 50 (61.7) 97 (35.4)  <0,001 

Metabolic syndrome (%) 81 (100.0) 157 (57.1) <0.001 

Smokers (%) 30 (37.0) 72 (26.4) 0.044 

 
AD: atherogenic dyslipidemia. BMI: body mass index. LRYGB: laparoscopic Roux-en-Y gastric bypass.  

 


