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SOUHRN

Úvod: Laparoskopická rukávová resekce žaludku (LSG) se ukázala jako účinný zákrok při léčbě těžké obezity, 
avšak její vliv na kardiovaskulární rizika přes změny tělesného složení dává prostor k bližšímu zkoumání.
Metody: Tato retrospektivní studie hodnotila 98 pacientů, kteří podstoupili LSG, analyzovali jsme tělesné 
složení pomocí duální rentgenové absorpciometrie (DXA) a metabolické parametry před operací a 12 měsíců 
po operaci. Byly hodnoceny změny hmotnosti, tukové hmoty, netukové hmoty, lipidového profi lu a glukó-
zového metabolismu, včetně jejich vzájemných vztahů.
Výsledky: Dvanáct měsíců po operaci byly pozorovány významné redukce celkové tělesné hmotnosti, tukové 
hmoty a netukové hmoty (všechny p < 0,001). Metabolické parametry vykazovaly výrazné zlepšení, s vý-
znamným poklesem glykemie nalačno, glykovaného hemoglobinu (HbA

1c
) a triglyceridů, spolu se zvýšením 

HDL cholesterolu (všechny p < 0,001). LDL/HDL poměr se zlepšil z mediánu (interkvartilové rozpětí [IQR]) 2,79 
(1,59) na 2,20 (0,91) (p < 0,001). Aterogenní index plazmy se snížil z 0,23 (0,30) na –0,10 (0,29) (p < 0,001), 
což představuje posun ze zvýšeného na nízké kardiovaskulární riziko. Byla zjištěna střední negativní korela-
ce mezi změnami netukové hmoty a HDL cholesterolu (r = –0,331, p < 0,001), zatímco slabé, ale významné 
korelace byly nalezeny mezi změnami poměru pas/boky a glykemickými parametry.
Závěr: LSG vede k významnému zlepšení kardiovaskulárního rizika jeden rok po operaci s pozitivním ovlivně-
ním lipidových parametrů a složení těla. Nově objevená korelace mezi ztrátou netukové hmoty a změnami 
HDL cholesterolu naznačuje, že zachování netukové hmoty by mohlo být klíčové pro optimalizaci metabo-
lických benefi tů po bariatrické operaci.

© 2025, ČKS.

ABSTRACT

Background: While laparoscopic sleeve gastrectomy (LSG) is known to reduce weight, its impact on cardio-
vascular risk profi le through changes in body composition remains unclear.
Methods: This retrospective study evaluated 98 patients who underwent LSG, analyzing body composition 
via dual-energy X-ray absorptiometry (DXA) and cardiovascular risk parameters at baseline and 12 months 
post-surgery. Changes in weight, fat mass, lean mass, atherogenic lipid profi le, and glucose metabolism 
were assessed, along with their interrelationships.
Results: Signifi cant reductions were observed in total body weight, fat mass, and lean mass at 12 months 
post-surgery (all p <0.001). Metabolic parameters showed marked improvements, with signifi cant decreases 
in fasting glucose, HbA

1c
, and triglycerides, alongside an increase in HDL cholesterol (all p <0.001). The LDL/
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Introduction

Obesity has emerged as one of the most pressing pub-
lic health challenges of the 21st century, with its preva-
lence reaching epidemic proportions worldwide.1 Beyond 
its direct health implications, obesity represents a major 
modifi able risk factor for cardiovascular disease, the lead-
ing cause of mortality worldwide.2 The pathophysiologi-
cal relationship between obesity and cardiovascular risk 
is complex and multifaceted, involving various metabolic 
perturbations including dyslipidemia, insulin resistance, 
and chronic infl ammation.3 Of particular concern is the 
impact of excess adiposity on lipid metabolism, specifi cal-
ly its association with decreased high-density lipoprotein 
(HDL) cholesterol levels and elevated triglycerides, both 
independent risk factors for cardiovascular disease.4

In cases of severe obesity, bariatric surgery has dem-
onstrated superior effi cacy compared to conventional 
weight loss approaches, not only in achieving sustained 
weight reduction but also in improving cardiovascular 
risk factors.5,6 Among various bariatric procedures, lapa-
roscopic sleeve gastrectomy (LSG) has gained prominence 
due to its favourable risk-benefi t profi le and signifi cant 
metabolic effects.7 LSG induces weight loss through both 
restrictive and hormonal mechanisms, leading to sub-
stantial improvements in obesity-related comorbidities. 
However, the procedure’s impact extends beyond simple 
weight reduction, affecting body composition and meta-
bolic parameters in ways that are not fully understood.

Traditional methods of assessing post-bariatric out-
comes have primarily focused on total weight loss and 
basic anthropometric measurements. However, these met-
rics fail to capture crucial changes in body composition, 
particularly the relative loss of fat versus lean mass.8 Dual-
energy X-ray absorptiometry (DXA) has emerged as a valu-
able tool in this context, offering precise quantifi cation of 
body composition components.9 This technology enables 
detailed analysis of fat distribution and lean mass changes, 
providing insights that may be more relevant to cardiovas-
cular risk assessment than total weight loss alone.

The preservation of lean mass during weight loss has 
gained increasing attention in bariatric medicine, as 
skeletal muscle plays a crucial role in metabolic health.9 
Emerging evidence suggests that muscle tissue functions 
as an endocrine organ, secreting myokines that infl uence 
lipid metabolism and insulin sensitivity.10 However, the 
specifi c relationship between post-operative lean mass 
preservation and improvements in cardiovascular risk 
factors, particularly lipid profi les, remains inadequately 
characterized. This knowledge gap is especially relevant 

given that excessive loss of lean mass might potentially 
attenuate the metabolic benefi ts of bariatric surgery.

Furthermore, the dynamic interplay between body 
composition changes and metabolic parameters following 
LSG warrants investigation within the context of cardio-
vascular risk modifi cation. While improvements in tradi-
tional cardiovascular risk factors after bariatric surgery are 
well-documented, current research is establishing precise 
body composition targets to optimize these cardiovascular 
benefi ts.6 Understanding these relationships could inform 
post-operative care strategies and potentially enhance car-
diovascular outcomes in bariatric patients.

Therefore, this retrospective study aimed to evaluate 
comprehensive changes in body composition via DXA 
and their correlation with metabolic parameters one year 
after LSG. Our investigation focused particularly on the 
relationship between lean mass preservation and meta-
bolic improvements, with special attention to lipid pro-
fi le changes. By elucidating these associations, we sought 
to provide insights that could guide post-operative care 
strategies and optimize metabolic outcomes in patients 
undergoing bariatric surgery.

Material and methods

Study design and population
The study retrospectively enrolled 98 patients who under-
went laparoscopic sleeve gastrectomy (LSG) at two centers 
(Hospital 1 [Hospital AGEL Ostrava-Vítkovice]: 71 [72%] 
and Hospital 2 [University Hospital Ostrava]: 27 [28%] of 
patients) between the years 2010–2019. There were no 
signifi cant differences in patient characteristics, surgical 
techniques, and protocols or outcomes between the two 
centers. Inclusion criteria followed the International Fed-
eration for the Surgery of Obesity and Metabolic Disor-
ders (IFSO) guidelines: body mass index (BMI) ≥40 kg/m² 
or BMI ≥35 kg/m² with obesity-related comorbidities. Ex-
clusion criteria included active malignancy, and inability 
to complete follow-up visits. The study was approved by 
the institutional ethics committee.

Clinical assessments and measurements
Comprehensive evaluations were conducted at baseline 
and 12 months post-surgery. Anthropometric measure-
ments included weight, height, waist circumference, and 
hip circumference, performed using standardized proto-
cols. Body composition analysis was performed using DXA 
(Discovery A; Hologic, Waltham, MA, USA), which provid-
ed measurements of total body mass, fat mass, and lean 

HDL ratio improved from median (IQR) 2.79 (1.59) to 2.20 (0.91) (p <0.001). The atherogenic index of plasma 
decreased from 0.23 (0.30) to –0.10 (0.29) (p <0.001), representing a shift from increased to low cardiovascu-
lar risk. A moderate negative correlation was identifi ed between changes in lean mass and HDL cholesterol 
(r = –0.331, p <0.001), while weak but signifi cant correlations were found between changes in waist-to-hip 
ratio and glycemic parameters.
Conclusions: LSG results in signifi cant improvements in cardiovascular risk profi le at one year post-surgery, 
with favorable changes in atherogenic lipid parameters and body composition. The novel correlation be-
tween lean mass preservation and HDL cholesterol suggests that maintaining muscle mass might be crucial 
for optimizing cardiovascular benefi ts following bariatric surgery.
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mass. Blood samples were collected after overnight fast-
ing for analysis of lipid profi le (triglycerides, high-density 
lipoprotein cholesterol, total cholesterol, and low-density 
lipoprotein cholesterol) and glucose metabolism (fasting 
glucose and glycated hemoglobin).

Statistical analysis
Statistical analyses were performed using IBM SPSS ver-
sion 30.0.0. The Shapiro–Wilk test was used to assess data 
normality. For non-normally distributed variables (weight, 
DXA total mass, fat mass, lean mass, glycemia, triglycer-
ides, HbA

1c
, LDL/HDL ratio, atherogenic index and waist-

to-hip ratios), the Wilcoxon signed-rank test was applied 
to compare baseline and 12-month values. Paired t-tests 
were used for normally distributed variables. Only param-
eters showing signifi cant changes (p <0.05) were included 
in the subsequent correlation analysis. Relationships be-
tween changes in body composition and metabolic pa-
rameters were evaluated using Spearman’s correlation 
coeffi cient. Correlation strength was categorized as weak 
(r = 0.2–0.3), moderate (r = 0.3–0.5), or strong (r >0.5).

Results

Patient demographics
The study cohort comprised 98 Caucasian patients (25 
men, 73 women) with a mean age of 43.8 ± 9.6 years and 

mean height of 169.5 ± 8.4 cm (Table 1). Pre-existing co-
morbidities included hypertension in 49 patients (50%) 
and type 2 diabetes mellitus in 25 patients (25.5%). 26 
patients (26.5%) were current smokers at the time of 
surgery. All patients completed the 12-month follow-up 
period.

Changes in body composition
Signifi cant reductions were observed in all anthropomet-
ric measurements at 12 months post-surgery (Table 2, 
Fig. 1). Median body weight decreased by 31.7 kg, from 
122.4 kg (IQR: 13.2) at baseline to 90.7 kg (IQR: 26.3) at 
12 months (p <0.001). DXA analysis revealed substantial 
changes in body composition. Total body mass decreased 
from a median of 122.5 kg (IQR: 34.8) to 91.8 kg (IQR: 
26.9) (p <0.001). Fat mass showed a median reduction of 
22.3 kg, from 56.9 kg (IQR: 19.6) to 34.6 kg (IQR: 16.0) (p 
<0.001). Lean mass also decreased signifi cantly, from 62.8 
kg (IQR: 17.2) to 53.2 kg (IQR: 17.1) (p <0.001).

Table 1 – Baseline demographic and clinical characteristics

Characteristics Value

Total participants, n 98

Age (years), mean ± SD 43.8 ± 9.6

Sex, n (%)

  Male 25 (25.5 %)

  Female 73 (74.5 %)

Height (cm), mean ± SD 169.5 ± 8.4

Baseline demographic and clinical characteristics of 98 patients 
undergoing laparoscopic sleeve gastrectomy. Data presented as 
mean ± standard deviation (SD) or number (percentage).

Table 2 – Changes in body composition and anthropometric parameters

Parameter Baseline 12 months

Weight (kg), median (IQR) 122.4 (13.2) 90.7 (26.3) 

DXA total mass (kg), median (IQR) 122.5 (34.9) 91.8 (26.9)

DXA fat mass (kg), median (IQR) 56.9 (19.6)  34.6 (16.0) 

DXA lean mass (kg), median (IQR) 62.8 (17.2) 53.2 (17.1)

Waist 1 (cm), mean ± SD 120.4 ± 14.5 97.3 ± 13.3

Waist 2 (cm), mean ± SD 129.7 ± 15.9 104.6 ± 14.1

Hip circumference (cm), mean ± SD 132.9 ± 13.5 112.00 ± 11.6

Waist 1-to-hip ratio, mean ± SD 0.91 ± 0.11 0.87 ± 0.10

Waist 2-to-hip ratio, mean ± SD 0.98 ± 0.10 0.93 ± 0.09

Body composition and anthropometric measurements at baseline and 12 months post-surgery (n = 98). Waist 1 measured at midpoint 
between 10th rib and iliac crest. Waist 2 measured at umbilicus level. All changes were statistically signifi cant (p <0.001). Data presented as 
median (interquartile range, IQR) or mean ± standard deviation (SD).

Fig. 1 – Body composition changes 12 months after laparoscopic 
sleeve gastrectomy.
Changes in body composition parameters measured by dual-energy 
X-ray absorptiometry (DXA) at baseline (blue bars) and 12 months 
post-surgery (green bars). Values are presented as medians. Total 
mass decreased from 122.5 kg to 91.8 kg, fat mass from 56.9 kg to 
34.6 kg, and lean mass from 62.8 kg to 53.2 kg. *** indicates statis-
tical signifi cance at p <0.001 for all comparisons.
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Baseline 12 months *** p <0.001

555_Puvodni_sdeleni_Pekar.indd   557555_Puvodni_sdeleni_Pekar.indd   557 31/10/2025   13:54:3331/10/2025   13:54:33



558 CV Risk and DXA Changes Post-Sleeve Gastrectomy

4.0% (IQR: 1.4) to 3.6% (IQR: 0.6) (p <0.001). The lipid pro-
fi le demonstrated favourable changes, with median tri-
glyceride levels decreasing from 1.95 mmol/L (IQR: 0.99) 
to 1.21 mmol/L (IQR: 0.64) (p <0.001). Mean HDL choles-
terol increased from 1.20 ± 0.30 mmol/L to 1.51 ± 0.32 
mmol/L (p <0.001). Total cholesterol and LDL cholesterol 
did not show statistically signifi cant changes over the 
study period.

Correlation analysis
Analysis of the relationships between changes in body 
composition and metabolic parameters revealed several 
signifi cant correlations (Table 4). The most notable was 
a moderate negative correlation between changes in lean 
mass and HDL cholesterol (r = –0.331, p <0.001). Weak but 
signifi cant correlations were observed between changes 
in hip circumference and HbA

1c 
(r = –0.258), between 

changes in glycemia and waist-to-hip ratio (fi rst measure-
ment: r = 0.235; second measurement: r = 0.250), and be-
tween changes in HbA

1c
 and waist-to-hip ratio (fi rst mea-

surement: r = 0.224; second measurement: r = 0.245).

Additional analysis of atherogenic profi le 
The comprehensive analysis of cardiovascular risk mark-
ers revealed signifi cant improvements in the atherogenic 
profi le (Table 5). The LDL/HDL ratio decreased from me-
dian (IQR) 2.79 (1.59) to 2.20 (0.91) (p <0.001). Analysis 
of the atherogenic index of plasma (AIP), calculated as 
log10(triglycerides/HDL cholesterol), showed signifi cant 
improvement from baseline to 12-month follow-up. The 
median (IQR) AIP decreased from 0.23 (0.30) at baseline, 
indicating increased cardiovascular risk, to –0.10 (0.29) at 
12 months, representing low cardiovascular risk (p <0.001).

Fig. 2 – Changes in metabolic parameters 12 months after lapa-
roscopic sleeve gastrectomy. Changes in metabolic parameters at 
baseline (blue bars) and 12 months post-surgery (green bars). Values 
are shown for glycemia (mmol/L), glycated hemoglobin (HbA

1c
, %), 

triglycerides (TGC, mmol/L), and HDL cholesterol (mmol/L). Signi-
fi cant improvements were observed in all parameters, with dec-
reases in glycemia (5.63 to 4.88 mmol/L), HbA

1c
 (4.0 to 3.6%), and 

TGC (1.95 to 1.21 mmol/L), while HDL cholesterol increased (1.20 to 
1.51 mmol/L). *** indicates statistical signifi cance at p <0.001 for all 
comparisons.
 

Table 3 – Changes in metabolic parameters

Parameter Baseline 12 months p-value

Glycemia (mmol/L), median (IQR) 5.63 (1.75) 4.88 (0.75) <0.001

HbA
1c

 (%), median (IQR) 4.0 (1.4) 3.6 (0.6) <0.001

TGC (mmol/L), median (IQR) 1.95 (0.99) 1.21 (0.64) <0.001

HDL cholesterol (mmol/L), mean ± SD 1.20 ± 0.30 1.51 ± 0.32 <0.001

Total cholesterol Not signifi cant change NS

LDL cholesterol Not signifi cant change NS

Changes in metabolic parameters from baseline to 12 months post-surgery (n = 98). Data presented as median (IQR) or mean ± SD. 
NS – not signifi cant; TGC – triglycerides.

Table 4 – Correlation analysis of changes in body composition and metabolic parameters

Parameters Correlation coeffi cient (R) Strength

Δ DXA lean mass vs. Δ HDL –0.331 Moderate

Δ Hip circumference vs. Δ HbA
1c

–0.258 Weak

Δ Glycemia vs. waist 1-to-hip ratio  0.235 Weak

Δ Glycemia vs. waist 2-to-hip ratio  0.250 Weak

Δ HbA
1c

 vs. waist 1-to-hip ratio  0.224 Weak

Δ HbA
1c

 vs. waist 2-to-hip ratio  0.245 Weak

Correlation analysis between changes in body composition and metabolic parameters over 12-month follow-up. All correlations signifi cant 
at p <0.05. Correlation strength: weak (r = 0.2–0.3), moderate (r = 0.3–0.5), strong (r >0.5).

Metabolic outcomes
Glucose metabolism markers showed signifi cant improve-
ments (Table 3, Fig. 2). Median fasting glucose levels de-
creased from 5.63 mmol/L (IQR: 1.75) to 4.88 mmol/L (IQR: 
0.75) (p <0.001). HbA

1c
 levels reduced from a median of 
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Baseline 12 months *** p <0.001
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Discussion

This retrospective study demonstrates signifi cant im-
provements in both body composition and cardiovascular 
risk factors one year after laparoscopic sleeve gastrec-
tomy, with several notable fi ndings regarding the inter-
relationship between these changes. The median weight 
loss of 31.7 kg observed in our cohort aligns with pre-
vious studies,11 which reported mean excess weight loss 
ranging from 60–70% at one year post-LSG. This weight 
loss represents substantial cardiovascular risk reduction, 
particularly considering established evidence that each 10 
kg of weight loss associates with a 6 mmHg reduction in 
systolic blood pressure and improved insulin sensitivity.12

The comprehensive body composition analysis via DXA 
revealed substantial reductions in both fat mass (median 
reduction 22.3 kg) and lean mass (median reduction 9.6 
kg). These fi ndings are comparable to those reported by 
previous studies.13 However, our study extends beyond 
these observations by examining the metabolic implica-
tions of these compositional changes.

Our analysis revealed clinically signifi cant improve-
ments in cardiovascular risk markers. The marked increase 
in HDL cholesterol and substantial decrease in triglycer-
ides, combined with the improvement in LDL/HDL ratio, 
represent meaningful reductions in cardiovascular risk. 
The magnitude of HDL increase (0.31 mmol/L) is partic-
ularly noteworthy, given that previous studies have as-
sociated each 0.03 mmol/L increase in HDL with a 2–3% 
reduction in cardiovascular events.14 

The most signifi cant fi nding of our study was the mod-
erate negative correlation (r = –0.331, p <0.001) between 
changes in lean mass and HDL cholesterol levels. This nov-
el observation suggests that excessive lean mass loss may 
attenuate improvements in this cardioprotective lipopro-
tein. This relationship likely refl ects the role of skeletal 
muscle as an endocrine organ,10 through myokine secre-
tion. Our fi ndings add to this body of knowledge by sug-
gesting that lean mass preservation during post-bariatric 
weight loss might be crucial for optimizing cardiovascular 
risk reduction.

The marked reduction in atherogenic index of plasma 
represents a clinically signifi cant shift from high to low 
cardiovascular risk category. This improvement in AIP, 
which is considered a sensitive predictor of cardiovascular 
risk, particularly in obesity, suggests that the benefi cial ef-

fects of sleeve gastrectomy extend beyond simple weight 
reduction to fundamental improvements in lipoprotein 
metabolism. The magnitude of AIP reduction shows that 
bariatric surgery can lead to substantial improvements in 
cardiovascular risk markers, even before maximal weight 
loss is achieved.

The improvements in glycemic parameters (median fast-
ing glucose reduction from 5.63 to 4.88 mmol/L) and lipid 
profi le (triglycerides reduction from 1.95 to 1.21 mmol/L) 
are consistent with previous research.6 However, our study 
uniquely demonstrates weak but signifi cant correlations 
between changes in waist-to-hip ratio and both glycemia 
(r = 0.235–0.250) and HbA

1c
 (r = 0.224–0.245), suggesting 

that improvements in body fat distribution contribute to 
enhanced glucose metabolism. These changes in glycemic 
parameters contribute to cardiovascular risk reduction 
through reduced glycation end-products, improved endo-
thelial function, decreased infl ammatory markers, and en-
hanced insulin sensitivity.

These fi ndings have important implications for cardio-
vascular risk management. The signifi cant improvements 
in cardiovascular risk factors support considering LSG in 
high-risk cardiovascular patients with obesity who have 
failed conservative management. When monitoring these 
patients, careful attention should be paid to exercise test-
ing protocols and safety measures, particularly in times of 
increased infectious disease risk.15 The inverse relationship 
between lean mass loss and HDL improvement suggests 
that muscle preservation strategies should be integrated 
into post-operative cardiovascular risk management. This 
aligns with recent guidelines by major bariatric societies 
recommending structured resistance training and ad-
equate protein intake post-operatively.16–19 Furthermore, 
regular monitoring of lipid parameters is essential for op-
timizing cardioprotective medication regimens.

Several limitations warrant consideration. The absence 
of infl ammatory marker data limits our understanding of 
infl ammation-mediated cardiovascular risk reduction. We 
also lack endothelial function measurements and direct as-
sessment of cardiovascular events. While our one-year fol-
low-up provides valuable insights, longer-term studies are 
needed to evaluate the durability of these relationships.

Future research directions should explore three criti-
cal areas: determining the optimal fat-to-lean mass re-
duction ratio for maximal metabolic benefi ts, evaluating 
post-operative protocols focused on lean mass preserva-
tion through prospective studies, and developing per-
sonalized strategies based on individual body composi-
tion profi les. These investigations would help establish 
evidence-based guidelines for optimizing metabolic out-
comes after bariatric surgery. composition patterns

Conclusions

This study demonstrates that laparoscopic sleeve gastrec-
tomy leads to signifi cant improvements in cardiovascular 
risk factors at one year post-surgery, characterized by fa-
vourable changes in atherogenic lipid profi le and body 
composition. The novel fi nding of a relationship between 
lean mass preservation and HDL cholesterol levels sug-
gests that maintaining muscle mass might be crucial for 

Table 5 – Changes in atherogenic profi le after laparoscopic 
sleeve gastrectomy

Parameter Baseline 12 months p-value

LDL/HDL ratio, 
median (IQR)

2.79 (1.59) 2.20 (0.91) <0.001

Atherogenic index 
of plasma, median (IQR)

0.23 (0.30) –0.10 (0.29) <0.001

AIP was calculated as log10(triglycerides/HDL cholesterol)
Cardiovascular risk interpretation: 
   •  AIP >0.21 increased risk; AIP 0.11–0.21 intermediate risk; 

AIP <0.11 low risk; 
   • LDL/HDL ratio interpretation: Ideal: <2.0; good: <5.0; poor: >5.0
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optimizing cardiovascular benefi ts. These results support 
the role of LSG in cardiovascular risk reduction strategies 
for patients with severe obesity.
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