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2 CBIOS – Universidade Lusófona’s Research Center for Biosciences & Health Technologies Lisbon, Portugal  

3 Universidade de Évora, Comprehensive Health Research Centre (CHRC), Escola Superior de Enfermagem 

São João de Deus, Departamento de Enfermagem, 7000-811 Évora, Portugal  

* Correspondence: claudia.mendes@uevora.pt  

Abstract 

Background/Objectives: Obesity is frequently associated with dyslipidemia, insulin resistance, and 

increased cardiovascular risk. Bariatric surgery, particularly Roux-en-Y gastric bypass (RYGB), has 

been shown to improve metabolic outcomes; however, data integrating lipid profile changes with 

atherogenic and insulin resistance indices over extended follow-up remain limited. This study aimed 

to evaluate the longitudinal impact of RYGB on lipid parameters, atherogenic indices, and insulin 

resistance markers up to 18 months postoperatively. Methods: A longitudinal observational study 

was conducted in 40 adults with obesity (mean age 46.6 years; 82.5% women) undergoing RYGB. 

Biochemical and anthropometric data were collected preoperatively (E1) and at 6 (E3), 12 (E4), and 

18 (E5) months after surgery. Lipid profile parameters, atherogenic indices (TG/HDL ratio, 

atherogenic indices Castelli I and Castelli II), and insulin resistance–related indices (TyG-BMI, MTS-

IR) were analyzed descriptively over time. Results: RYGB induced a marked and sustained reduction 

in triglycerides, total cholesterol, and LDL cholesterol, alongside a progressive increase in HDL 

cholesterol. All atherogenic indices demonstrated consistent postoperative declines, indicating 

reduced cardiovascular risk. Insulin resistance indices showed pronounced improvement, 

particularly within the first 12 months, with stabilization thereafter. These metabolic benefits 

occurred in parallel with significant weight loss and reductions in central adiposity. Conclusions: 

Roux-en-Y gastric bypass promotes sustained improvements in lipid metabolism, atherogenic risk, 

and insulin resistance up to 18 months after surgery. The integration of lipid-derived and insulin 

resistance indices provides valuable insight into postoperative cardiometabolic risk reduction, 

supporting the role of bariatric surgery as an effective intervention for long-term cardiovascular risk 

mitigation. 

Keywords: bariatric surgery; Roux-en-Y gastric bypass; lipid profile; atherogenic indices; insulin 

resistance; cardiovascular risk 

 

1. Introduction 

Obesity is a major global health challenge and a well-established risk factor for dyslipidemia, 

insulin resistance, type 2 diabetes mellitus, and cardiovascular disease (1). The clustering of elevated 

triglycerides, reduced high-density lipoprotein cholesterol (HDL-C), increased low-density 

lipoprotein cholesterol (LDL-C), and central adiposity contributes substantially to atherogenesis and 

cardiometabolic morbidity (2). Traditional lipid parameters, while clinically useful, may not fully 

capture the complexity of cardiovascular risk associated with obesity-related metabolic dysfunction 

(3). 
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In recent years, composite lipid-derived indices, such as the triglyceride-to-HDL cholesterol 

ratio (TG/HDL), the atherogenic indices, like Castelli indices, have emerged as robust predictors of 

insulin resistance, small dense LDL particles, and cardiovascular events (4). Similarly, indices 

integrating lipid and glucose parameters, including the triglyceride–glucose body mass index (TyG-

BMI) and metabolic syndrome–related insulin resistance (MTS-IR), have gained relevance as practical 

and cost-effective tools for assessing metabolic risk in clinical settings (5). 

Bariatric surgery is currently the most effective therapeutic strategy for achieving sustained 

weight loss in individuals with severe obesity (6). Beyond its effects on body weight, Roux-en-Y 

gastric bypass (RYGB) induces profound metabolic changes mediated by alterations in gut hormone 

secretion, bile acid metabolism, insulin sensitivity, and adipokine profiles. These mechanisms 

contribute to improvements in glucose homeostasis and lipid metabolism that often precede 

substantial weight loss (7). 

Although numerous studies have reported improvements in lipid profile following bariatric 

surgery, fewer investigations have examined the longitudinal evolution of atherogenic and insulin 

resistance indices in parallel with traditional lipid parameters over extended follow-up periods (8,9). 

Understanding these integrated metabolic changes is essential for accurately assessing postoperative 

cardiovascular risk and optimizing long-term patient management (10). 

Therefore, this study aimed to evaluate the temporal effects of Roux-en-Y gastric bypass on lipid 

profile parameters, atherogenic indices, and insulin resistance–related markers over an 18-month 

follow-up period. By integrating conventional and composite metabolic index, this work seeks to 

provide a comprehensive assessment of the cardiometabolic benefits of bariatric surgery (11–13). 

2. Materials and Methods 

2.1. Study Design and Participants 

This longitudinal observational study included adult patients with obesity undergoing RYGB at 

an obesity and metabolic center. A total of 40 patients were consecutively enrolled. The mean age of 

the cohort was 46.6 years, and 82.5% of participants were female. All participants were evaluated at 

four time points: preoperative baseline (E1) and at 6 months (E3), 12 months (E4), and 18 months (E5) 

after surgery. 

Inclusion criteria comprised adults aged ≥18 years who underwent primary RYGB and had 

complete biochemical and anthropometric data available at all follow-up time points. Patients with 

revisional bariatric procedures, active inflammatory or infectious diseases, chronic liver disease, 

malignant disease, or incomplete follow-up data were excluded from the analysis. 

2.2. Surgical Procedure 

All patients underwent standardized Roux-en-Y gastric bypass performed by an experienced 

bariatric surgical team, following established clinical protocols. The procedure consisted of the 

creation of a small gastric pouch with a Roux limb and biliopancreatic limb according to institutional 

standards. Postoperative care followed a multidisciplinary approach, including nutritional 

counseling and routine clinical follow-up. 

2.3. Data Collection and Anthropometric Assessment 

Anthropometric measurements were obtained at each study visit by trained healthcare 

professionals. Body weight was measured using a calibrated scale, and height was measured using a 

stadiometer, with participants wearing light clothing and no shoes. Waist circumference was 

measured at the midpoint between the lower margin of the last rib and the iliac crest. Percentage of 

total weight loss (%TWL) was calculated relative to baseline body weight. 

The body roundness index (BRI) was calculated to assess central adiposity and body fat 

distribution using established equations (14). 
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2.4. Biochemical Measurements 

Fasting blood samples were collected after an overnight fast of at least 8 hours at each time point. 

Serum concentrations of total cholesterol, triglycerides, HDL cholesterol, LDL cholesterol, and 

glucose were measured using standard automated enzymatic methods in the hospital’s certified 

clinical laboratory. 

2.5. Atherogenic and Insulin Resistance Indices 

Atherogenic and insulin resistance–related indices were calculated using established formulas. 

The triglyceride-to-HDL cholesterol ratio (TG/HDL) was computed as the ratio between fasting 

triglycerides and HDL cholesterol. The atherogenic indices, the Castelli I and Castelli II index, were 

calculated to assess lipid-related cardiovascular risk (15). 

Insulin resistance was evaluated using the triglyceride–glucose body mass index (TyG-BMI) 

(16,17), which integrates fasting triglycerides, fasting glucose, and body mass index, and the 

metabolic syndrome–related insulin resistance (MTS-IR) index (18). These indices were selected due 

to their validated association with insulin resistance, metabolic syndrome, and cardiovascular risk. 

2.6. Ethical Considerations 

The study was conducted in accordance with the Declaration of Helsinki. Ethical approval was 

obtained from the institutional Ethics Committee (approval code: XXX). Written informed consent 

was obtained from all participants prior to inclusion in the study. 

2.7. Statistical Analysis 

Statistical analyses were performed using jamovi (version 2.3) based on the R statistical 

environment (R Core Team, version 4.1). Continuous variables were assessed for normality using 

visual inspection of histograms and Q–Q plots. Descriptive statistics are presented as mean ± 

standard deviation (SD) for all continuous variables. Longitudinal changes in lipid profile 

parameters, atherogenic indices, insulin resistance–related indices, anthropometric measures, and 

weight loss outcomes were analyzed descriptively across the four time points: preoperative baseline 

(E1) and 6 (E3), 12 (E4), and 18 (E5) months after surgery. Graphical representations were used to 

illustrate temporal trends in metabolic parameters. A two-tailed significance level of 0.05 was 

considered for all analyses. 

3. Results 

3.1. Study Population Characteristics 

A total of 40 patients undergoing RYGB were included in the analysis. The mean age of the 

cohort was 46.6 years, and 82.5% of participants were female. All patients were evaluated 

preoperatively (E1) and at 6 months (E2), 12 months (E3), and 18 months (E4) postoperatively. 

Complete longitudinal data were available for all analyzed variables at each time point. 

3.2. Changes in Lipid Profile After Bariatric Surgery 

Significant improvements in lipid profile parameters were observed following surgery (Figure 

1). Mean triglyceride levels decreased progressively from 137 ± 56.8 mg/dL at baseline to 109 ± 40.3 

mg/dL at 6 months, 95.6 ± 27.8 mg/dL at 12 months, and 91.6 ± 32.6 mg/dL at 18 months 

postoperatively. 

Total cholesterol levels showed a gradual reduction over time, declining from 172 ± 34.5 mg/dL 

at baseline to 162 ± 37.0 mg/dL at 6 months, 157 ± 23.8 mg/dL at 12 months, and 160 ± 29.8 mg/dL at 

18 months. A similar pattern was observed for LDL cholesterol, which decreased from 97.6 ± 34.0 
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mg/dL preoperatively to 92.9 ± 32.2 mg/dL at 6 months, reaching the lowest mean value at 12 months 

(86.8 ± 22.1 mg/dL), with slight stabilization at 18 months (89.0 ± 26.7 mg/dL). 

In contrast, HDL cholesterol levels exhibited a progressive increase over follow-up, rising from 

47.3 ± 10.5 mg/dL at baseline to 47.4 ± 11.7 mg/dL at 6 months, 50.6 ± 11.1 mg/dL at 12 months, and 

52.5 ± 11.8 mg/dL at 18 months post-surgery. 

 

Figure 1. Evolution of lipid profile after RYGB. 

3.3. Evolution of Atherogenic Lipid Indices 

A consistent postoperative improvement was observed across all evaluated atherogenic indices 

(Figure 2). The triglyceride-to-HDL cholesterol ratio (TG/HDL) decreased from 3.03 ± 1.52 at baseline 

to 2.54 ± 1.61 at 6 months, 2.02 ± 0.86 at 12 months, and 1.84 ± 0.81 at 18 months. 

The atherogenic index Castelli I also showed a progressive reduction, with mean values 

declining from 3.78 ± 0.98 preoperatively to 3.62 ± 1.40 at 6 months, 3.23 ± 0.90 at 12 months, and 3.15 

± 0.79 at 18 months postoperatively. Similarly, the Castelli II index decreased steadily over time, from 

2.18 ± 0.91 at baseline to 2.12 ± 1.13 at 6 months and 1.83 ± 0.79 at 12 months, indicating a less 

atherogenic lipid profile during follow-up. 
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Figure 2. Evolution of atherogenic lipid indices. 

3.4. Insulin Resistance–Related Indices 

Indices reflecting insulin resistance demonstrated marked postoperative improvement. The 

TyG-BMI index decreased substantially from 374 ± 49.1 at baseline to 253 ± 38.8 at 6 months, followed 

by further reductions at 12 months (229 ± 38.4) and stabilization at 18 months (229 ± 42.1) (Figure 3a). 

Likewise, the metabolic syndrome–related insulin resistance (MTS-IR) index declined from 64.9 

± 9.32 at baseline to 44.5 ± 7.34 at 6 months and 39.8 ± 6.87 at 12 months, reflecting a significant 

attenuation of insulin resistance following surgery (Figure 3b). 

 

Figure 3. Improvement in insulin resistance-related indices. 
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3.5. Weight Loss and Central Adiposity Parameters 

Substantial and sustained weight loss was observed throughout follow-up (Table 1). Mean 

percentage of total weight loss (%TWL) increased progressively from the early postoperative period 

to 18 months. In parallel, waist circumference decreased from 124 ± 10.8 cm at baseline to 110 ± 10.5 

cm at 6 months, 97.2 ± 11.0 cm at 12 months, and 91.0 ± 10.6 cm at 18 months postoperatively. 

The body roundness index (BRI) followed a similar downward trend, decreasing from 17.6 ± 

2.27 at baseline to 13.7 ± 2.08 at 6 months, 13.1 ± 2.07 at 12 months, and 13.0 ± 2.06 at 18 months (Figure 

4c). These reductions in central adiposity coincided with the observed improvements in lipid 

parameters and indices of insulin resistance. 

 

Figure 4. Relationship between weight loss, central adiposity and metabolic improvement. 

Table 1. Changes in metabolic profile after metabolic and bariatric surgery. 

Variables 

Mean ± SD 

Before 

Surgery 
After Surgery p-value η2 

Baseline 

E0 

6-month 

E3 

12-month 

E4 

18-month 

E5 
  

Weight (kg) 117±11.6 96.6±10.4 75.1±8.66 71.6±10.8 <0.001 0.856 

BMI (kg/m2) 44.5±4.45 36.4±4.51 28.2±3.65 27.5±4.16 <0.001 0.859 

Waist (cm) 124±10.8 110±10.5 97.2±11 92.6±10.8 <0.001 0.875 

%TWL (%) 2.63±6.80 17.6±11.1 35.7±10.7  38.6±12.2 <0.001 0.896 

Triglycerides (mg/dl) 137±56.8 109±40.3 95.6±27.8 91.6±32.6 <0.001 0.309 

Glucose (mg/dl) 99.1±16.7 88.5±10.2 86.6±8.29 86.5±7.18 <0.001 0.307 

HDL (mg/dl) 47.3±10.5 47.4±11.7 50.6±11.1 52.5±11.8 0.006 0.102 

Cholesterol total 

(mg/dl) 
172±34.5 162±37 157±23.8 160±29.8 0.018 0.083 

TyG-BMI index 374±49.1 253±38.8 229±38.4 229±42.1 <0.001 0.894 

Ty-HDL index 3.03±1.52 2.54±1.61 2.02±0.86  1.84±0.81 <0.001 0.262 

Body roundness index  17.6±2.27 13.7±2.08 13.1±2.07  13.1±2.06 <0.001 0.867 

Castelli I index 3.78±0.97 3.62±1.40 3.23±0.89  3.15±0.79 <0.001 0.131 

Castelli II index 2.18±0.91 2.12±1.13 1.83±0.77 1.79±0.72 0.028 0.075 

Notes: p value <0.05 indicated statistical significance. η2: Small effect size (0.01-0.06); Medium effect 

size (0.06-0.14); Large effect size (>0.14). 

4. Discussion 

The present study demonstrates that Roux-en-Y gastric bypass (RYGB) induces a marked and 

sustained improvement in lipid metabolism, atherogenic risk indices, and insulin resistance over an 
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18-month follow-up period in adults with obesity. Beyond weight loss, our findings highlight the 

profound metabolic benefits of bariatric surgery, reinforcing its role as a cardiometabolic intervention 

rather than solely a restrictive or malabsorptive procedure. 

A significant and progressive reduction in serum triglyceride concentrations was observed as 

early as six months after surgery, with continued improvement up to 18 months. 

Hypertriglyceridemia is closely associated with insulin resistance, hepatic overproduction of very-

low-density lipoproteins, and increased cardiovascular risk (4,6). The early decline in triglyceride 

levels observed in this cohort likely reflects rapid postoperative improvements in insulin sensitivity, 

reduced free fatty acid flux to the liver, and favorable changes in gut-derived hormones, particularly 

glucagon-like peptide-1 (GLP-1). These mechanisms collectively contribute to decreased hepatic 

lipogenesis and enhanced peripheral lipid utilization (19,20). 

Total cholesterol and low-density lipoprotein cholesterol (LDL-C) levels also showed a 

consistent reduction throughout follow-up. Although LDL-C reductions after bariatric surgery may 

vary across studies, the sustained decrease observed here suggests long-term modulation of lipid 

absorption, bile acid metabolism, and hepatic cholesterol synthesis. Importantly, these changes were 

maintained at 18 months, indicating metabolic stabilization rather than transient postoperative 

effects. 

High-density lipoprotein cholesterol (HDL-C) demonstrated a delayed but clinically relevant 

increase, becoming more evident at 12 and 18 months postoperatively (11). This temporal pattern 

aligns with previous evidence indicating that HDL-C improvements typically follow sustained 

weight loss and increased insulin sensitivity rather than early postoperative caloric restriction alone. 

The rise in HDL-C contributes meaningfully to cardiovascular risk reduction, particularly when 

interpreted in conjunction with triglyceride lowering and improved lipid ratios. 

A key strength of this study lies in the evaluation of multiple atherogenic indices, which provide 

superior cardiovascular risk stratification compared with isolated lipid parameters. The triglyceride-

to-HDL cholesterol ratio (TG/HDL), a robust surrogate marker of insulin resistance and small dense 

LDL particles, decreased substantially over time, reaching values associated with lower 

cardiometabolic risk. Similarly, both the atherogenic index, Castelli I and Castelli II index exhibited 

consistent postoperative reductions, reflecting a shift toward a less atherogenic lipid profile (7,21). 

These findings emphasize that RYGB favorably alters lipid interactions and ratios that are directly 

implicated in atherosclerotic progression. 

In parallel, indices of insulin resistance demonstrated marked improvement. The TyG-BMI 

index, which integrates fasting triglycerides, glucose, and adiposity, showed a pronounced reduction 

from baseline to 18 months, highlighting a significant attenuation of insulin resistance (15). This 

improvement was corroborated by the decrease in the metabolic syndrome–related insulin resistance 

(MTS-IR) index (18). Together, these findings suggest that bariatric surgery induces a comprehensive 

metabolic reprogramming, linking adiposity reduction to improved glucose–lipid homeostasis. 

The reduction in waist circumference and body roundness index (BRI) further supports the 

central role of visceral fat loss in mediating these metabolic benefits. Visceral adiposity is strongly 

associated with dyslipidemia, systemic inflammation, and insulin resistance (22,23). Its reduction 

following RYGB likely contributes to improved adipokine secretion profiles, including increased 

adiponectin and decreased leptin levels, thereby enhancing insulin sensitivity and lipid metabolism. 

Clinically, these results have important implications. The sustained improvement in atherogenic 

and insulin resistance indices suggests a meaningful reduction in long-term cardiovascular risk 

among patients undergoing RYGB. Moreover, the use of composite indices such as TG/HDL and 

TyG-BMI offers clinicians practical and cost-effective tools for postoperative metabolic monitoring, 

allowing early identification of patients who may require intensified lifestyle or pharmacological 

interventions (10,17). 

Despite its strengths, this study has limitations. The relatively small sample size and 

predominance of female participants may limit generalizability. Additionally, the absence of a non-

surgical control group precludes direct comparison with conservative management. Nevertheless, 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 7 January 2026 doi:10.20944/preprints202601.0506.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202601.0506.v1
http://creativecommons.org/licenses/by/4.0/


 8 of 10 

 

the longitudinal design and comprehensive metabolic assessment strengthen the robustness of the 

observed trends. 

In conclusion, Roux-en-Y gastric bypass leads to sustained improvements in lipid profile, 

atherogenic indices, and insulin resistance up to 18 months post-surgery. These findings reinforce the 

role of bariatric surgery as an effective strategy for reducing cardiometabolic risk and highlight the 

clinical value of integrating lipid-derived indices into routine postoperative assessment. Future 

studies with larger cohorts and longer follow-up are warranted to confirm whether these metabolic 

improvements translate into reduced cardiovascular events and mortality 

5. Conclusions 

Roux-en-Y gastric bypass is associated with sustained and clinically meaningful improvements 

in lipid profile, atherogenic indices, and insulin resistance up to 18 months after surgery. The 

observed reductions in triglycerides, LDL cholesterol, and composite atherogenic indices, together 

with increases in HDL cholesterol, indicate a shift toward a less atherogenic lipid phenotype. 

Concurrent improvements in insulin resistance indices highlight the broad metabolic impact of 

bariatric surgery beyond weight loss alone. 

The use of lipid-derived and insulin resistance indices, such as TG/HDL and TyG-BMI, offers 

valuable and accessible tools for monitoring cardiometabolic risk in the postoperative setting. These 

findings support the role of Roux-en-Y gastric bypass as an effective strategy for long-term 

cardiovascular risk reduction and underscore the importance of comprehensive metabolic 

assessment in patients with obesity undergoing bariatric surgery.  
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Abbreviations 

The following abbreviations are used in this manuscript: 

RYGB  Roux-en-Y gastric bypass 

LDL-C lipoprotein cholesterol  

TG/HDL Triglyceride-to-HDL cholesterol ratio  

TyG-BMI Triglyceride–glucose body mass index 

HDL-C lipoprotein cholesterol 

BRI body roundness index 
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%TWL percentage of total weight loss 

GLP-1 glucagon-like peptide-1 
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