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Background: Some research have indicated that Bariatric and metabolic surgery (BMS) can reduce the risk of cardiovascular disease 
(CVD) among individuals with obesity. However, there are few reports available that focuses on assessing effect of BMS on the risk of 
CVD in Chinese population using multiple models.
Objective: This research aims to assess the function of BMS on the risk of CVD in Chinese patients with obesity using multiple CVD 
risk models.
Methods: We performed a retrospective analysis of the basic data and glycolipid metabolism data preoperatively and postoperatively 
from patients with obesity at our hospital. Subgroup analysis was carried out according to different surgical procedures. Then, the 
function of BMS on the risk of CVD in the Chinese population was assessed using four models, including: China-PAR risk model, 
Framingham risk score (FRS), World Health Organization (WHO) risk model, and Globorisk model.
Results: We enrolled 64 patients, 24 (37.5%) of whom underwent laparoscopic sleeve gastrectomy (LSG) while 40 (62.5%) 
underwent Roux-en-Y gastric bypass (RYGB). The 10-year CVD risk for patients calculated using the China-PAR risk model 
decreased from 6.3% preoperatively to 2.0% at 1 year postoperatively and was statistically significantly different. Similarly, the 10- 
year CVD risk of patients calculated using the FRS, WHO, Global risk model decreased significantly at 1 year postoperatively 
compared to preoperatively. When the FRS risk model was used to calculate the patients’ 30-year postoperative CVD risk, there was 
a significant decrease at 1 year after surgery compared to the preoperative period. When employing various models to evaluate the 10- 
year CVD risk for LSG and RYGB, no statistically significant difference was found in the 1-year postoperative RRR between the 
procedures.
Conclusion: The CVD risk after BMS was significantly reduced compared to preoperatively. In terms of improving cardiovascular 
risk, SG and RYGB appear to be equally effective.
Keywords: obesity, metabolic surgery, T2DM, CVD risk model

Introduction
In recent years, the rate of obesity has dramatically risen worldwide.1,2 Compared to males, who had an increase from 
31 million to 281 million, women saw a rise from 69 million to 390 million people with obesity globally in 2016.1 

Obesity rates among children were also increasing dramatically.3 Obesity and type 2 diabetes mellitus (T2DM) raise the 
risk of comorbid conditions such cardiovascular disease and dyslipidemia, which can cause both microvascular and 
macrovascular diseases.4 In 2005, over 400 million cases of cardiovascular disease (CVD) and 17 million CVD-related 
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deaths occurred worldwide.5,6 While T2DM was the second leading cause of BMI-related deaths in 2015, resulting in 
600,000 deaths.7

Obesity predisposes to atherosclerotic cardiovascular disease (ACVD), the direct mechanisms of which include 
hemodynamic changes, increased sympathetic tone, tissue inflammation, and endothelial changes, leading to myocardial 
remodeling and consequent myocardial damage.8,9 The distribution of obesity is commonly classified into visceral or 
subcutaneous categories. Visceral obesity poses greater harm due to its adverse effects on cardiometabolism. Visceral fat 
plays a pivotal role in producing pro-inflammatory cytokines such as tumor necrosis factor (TNF)-α, interleukin (IL)-1, 
and IL-6, all known inducers of atherosclerosis9,10 These inflammatory cytokines may induce oxidative stress in the 
endothelium of coronary arteries, facilitating the formation of damage to blood vessel walls, ultimately resulting in 
endothelial dysfunction and promoting the progression of atherosclerosis.11 Inflammatory cytokines are also known to 
have direct toxic effects on cardiomyocytes, especially pro-inflammatory cytokines, which are elevated in obesity and 
have direct cardiac depressant properties, leading to cardiac systolic and diastolic dysfunction.12

Currently, the approaches to loss weight include dietary modification, regular exercise, and bariatric and metabolic 
surgery (BMS). BMS has been demonstrated to be more successful and valuable when it comes to weight loss than traditional 
methods.13,14 Moreover, it can improve metabolic syndrome, reduce obesity comorbidities,15,16 decrease the CVD risk, etc.,17,18 

and improve patients’ overall quality of life.19 It is remarkable that BMS is associated with a lower risk of all-cause mortality, 
incident heart failure, myocardial infarction, and stroke.20–22 Shobini Jayaraman et al have shown that the modifications in low- 
density lipoprotein (LDL) play a pivotal role in the accelerated development of cardiovascular diseases (CVD) in obesity. 
Subsequent to bariatric surgery, weight loss exhibits the potential to partially rectify these LDL alterations by alleviating systemic 
inflammation associated with obesity.23 Arunkumar Krishnan et al have also shown that the BMS is associated with significantly 
reduced incidence of cardiovascular diseases and mortality in patients with obesity.21 In order to better predict and assess the risk 
of obesity combined with cardiovascular-related diseases, up to now, many models have been developed to evaluate the risk of 
CVD, including the China-PAR risk model, WHO risk model, Global Risk Model, and FRS. These models have been widely 
used in clinical work, for example, Sazzli Shahlan Kasim et al assessed the risk of CVD in the general population and its risk 
stratification using different risk models such as FRS and WHO risk models.24–26 However, to our knowledge, no relevant studies 
have explored the effect of BMS on the risk of CVD in Chinese patients with obesity using multiple models.

The objective of the study is to evaluate the effect of BMS on the CVD risk in the Chinese patients with obesity using 
China-PAR risk, Global Risk, WHO risk, and FRS model. This study also provides new insight into evaluating the risk 
reduction of CVD by BMS in early-stage.

Materials and Methods
Patients and Data Collection
We retrospectively gathered information, including Weight, Body Mass Index (BMI), Waist Circumference (WC), 
Systolic Blood Pressure (SBP), Diastolic Blood Pressure (DBP), Fasting Plasma Glucose (FPG), Postprandial Blood 
Glucose (PBG), Glycosylated Hemoglobin A1C (HbA1C), Total Cholesterol (TC), Triglyceride (TG), High Density 
Lipoprotein (HDL), Low Density Lipoprotein (LDL), on patients with obesity treated with BMS at our hospital between 
March 2010 and October 2019 using hospital case system (HaiTai Medical Information Systems) and telephone follow- 
ups (3 months, 6 months, 1 year after surgery). The inclusion criteria were: 1) Individuals with obesity (BMI ≥ 32.5 kg/ 
m2) or individuals with a body mass index (BMI) ≥ 27.5 kg/m2 who have difficulty controlling their weight through 
dietary modifications or medications and have at least two metabolic syndrome-related factors or comorbidities; 2) the 
age at the time of surgery ranging from 16 to 65; 3) eligibility for the China-PAR risk model, FRS, WHO risk model, 
Global Risk Model; 4) the surgery’s informed consent. The exclusion criteria were: 1) a history of CVD including stroke 
or acute coronary syndrome; 2) loss to follow-up. The Institutional Review Board (IRB) of Beijing Shijitan Hospital 
approved this study [Approval No. sjtkyll-lx-2023(041)]. The 1964 Helsinki Declaration and its subsequent revisions, or 
comparable ethical norms, are followed in all research processes involving human participants.
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Relative risk reduction (RRR), as well as the LSG and RYGB methods and CVD risk models are detailed in 
Supplementary File 1. In addition, the CVD risk model is further detailed in Table S1 in Supplementary File 1 to 
facilitate understanding.

Definition of Diabetes in Remission
According to a recent expert consensus organized by the American Diabetes Association,27 remission is defined as 
a glycated hemoglobin (HbA1c) level < 6.5%, occurring spontaneously or after intervention and lasting for at least 3 
months without conventional glucose-lowering medication.

Statistical Analysis
SPSS version 26.0 was used to conduct the statistical analysis. Data for continuous variables are reported as mean ± 
standard deviation for normal distributions and as median (quartiles) for non-normal distributions. The data are 
represented as a number (%) for categorical variables. Chi-square tests were run on categorical variables. For unpaired 
measures, the Mann–Whitney U-test was used for non-normally distributed data, while Student’s t-test (independent- 
samples t-test) was used for normally distributed data. ANOVA was used to compare different metrics against one 
another. A p-value < 0.05 or below was regarded as statistically significant.

Results
Statistical Analysis of Metabolic Indicators
We enrolled 64 patients, including 32(50%) men and 32(50%) women, with a mean age of 45(38.25,50.75) years. 24(37.5%) 
patients underwent LSG, and 40(62.5%) patients underwent RYGB surgery. The overall prevalence of diabetes was 84.38%, and 
the overall BMI was 32.30(29.13,37.65) kg/m2, with a BMI of 37.33(32.90,39.56) kg/m2 in the LSG group and 30.98 
(27.95,33.42) kg/m2 in the RYGB group. The other preoperative indicators included in the analysis were shown in Table 1.

Table 1 Patient Demographics Grouped According to LSG and RYGB

Characteristic All, n=64 LSG(n=24) RYGB(n=40) P

Age, yr 45.00(38.25,50.75) 42.88±6.33 47.50(39.25,53.75) 0.043

Male(Female) 32(32) 12(12) 20(20) 1

Smoking(%) 8(12.50%) 4(16.67%) 4(10.00%) 0.696

Rate of T2DM 54(84.38%) 14(58.33%) 40(100%) <0.001

Duration of diabetes 3.00(1.00,8.00) 0.50(0.00,2.50) 6.50(2.00,8.75) <0.001

Weight, kg 88.50(80.00,105.00) 103.88±16.93 83.50(77.00,93.50) <0.001

BMI, kg/m2 32.30(29.13,37.65) 37.33(32.90,39.56) 30.98(27.95,33.42) <0.001

WC, cm 107.52±12.75 112.92±10.96 104.29±12.78 0.005

SBP, mmHg 130.00(120.00,150.00) 136.54±19.32 130.00(120.00,147.50) 0.651

DBP, mmHg 80.00(77.25,90.00) 82.50(76.50,91.50) 80.00(77.25,90.00) 0.618

FPG, mmol/L 8.37(6.36,11.56) 6.00(5.16,7.49) 10.39(7.49,13.08) <0.001

PBG, mmol/L 15.68(9.82,21.50) 9.57(7.23,14.32) 19.25±5.48 <0.001

HbA1C,% 6.85(6.00,9.00) 5.95(5.70,6.73) 7.55(6.78,9.40) <0.001

TC, mmol/L 5.14±1.11 5.08±0.73 5.18±1.29 0.689

(Continued)
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BMI and WC were strikingly lower (P < 0.05) at 3 months and 1 year after surgery compared to those before surgery. 
The BMI of patients decreased from 32.97(30.28,37.64) kg/m2 before surgery to 25.35(21.45,26.34) kg/m2 (P < 0.05) at 
1 year after surgery (P < 0.05). The WC of patients decreased from 108(99.50,116.5) cm before surgery to 88(83,96) cm 
(P < 0.05) at 1 year after surgery (P < 0.05). Further, the BMI and WC were strikingly lower at 12 months after surgery 
compared to those 3 months after surgery (Figure 1). Fasting plasma glucose (FPG), HbA1c, and Postprandial Blood 
Glucose (BPG) were significantly lower (P < 0.05) at 3 months and 1 year after BMS compared to those before surgery. 

Figure 1 Trends in weight loss and metabolic indicators from baseline to 3 months and 12 months postoperative for the overall and in both LSG and RYGB data sets. (A-I) 
represents trends in weight loss and metabolic markers in the total, LSG, and RYGB datasets from baseline to 3 and 12 months post-operative. 
Notes: A-I represents box plots of changes in BMI, WC, FPG, HbA1c, SBP, DBP, TC, HDL, and LDL before, 3 months and 12 months after surgery, respectively.

Table 1 (Continued). 

Characteristic All, n=64 LSG(n=24) RYGB(n=40) P

TG, mmol/L 1.89(1.32,3.55) 1.73(1.22,2.17) 2.50(1.42,3.94) 0.03

HDL, mmol/L 1.00(0.87,1.11) 1.02(0.91,1.10) 0.99±0.21 0.409

LDL, mmol/L 2.87±0.88 3.08±0.86 2.74±0.88 0.134

Abbreviations: BMI, body mass index; yr, year; LSG, Laparoscopic sleeve gastrectomy; RYGB, Roux-en-Y gastric bypass; WC, 
waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; PBG, Postprandial 
Blood Glucose; HbA1c, glycosylated hemoglobin; TC, serum total cholesterol; TG, serum triglycerides; HDL, high-density 
lipoprotein; LDL, low-density lipoprotein.
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The FPG decreased from 7.53(6.13,11.62) mmol/L before surgery to 5.13(4.66,6.18) mmol/L (P < 0.05) at 1 year after 
surgery. The HbA1c decreased from 6.90(5.95,9.1)% before surgery to 5.7(5.3,6.6)% (P < 0.05) at 1 year after surgery. 
The BPG decreased from 14.90(9.61,21.33) mmol/L before surgery to 5.81(4.12,10.15) mmol/L (P < 0.05) at 1 year after 
surgery, and those did not differ significantly 12 months postoperatively compared to 3 months after surgery. HDL 
cholesterol levels were strikingly higher at 1 year after surgery compared to preoperatively, increasing from 1.00 
(0.88,1.11) mmol/L preoperatively to 1.22(1.06,1.37) mmol/L at 1 year after surgery (P < 0.05). Compared to 3 months 
postoperatively, HDL cholesterol levels did not differ preoperatively but had decreased significantly at 12 months after 
surgery. Low-density lipoprotein (LDL) cholesterol levels were significantly lower 1 year postoperatively compared to 
those before surgery, decreasing from 2.84(2.19,3.31) mmol/L preoperatively to 2.39(1.89,3.00) mmol/L at 1 year after 
surgery. Compared to 3 months postoperatively, LDL cholesterol levels did not differ preoperatively but had decreased 
significantly 12 months postoperatively.

The metabolism-related data at baseline for both the LSG and RYGB subgroups are similarly depicted in Figure 1, 
both before, at 3 and 12 months following the surgery. As shown in Figure 1, in the LSG subgroup, BMI was 
significantly lower (P < 0.05) at 3 and 12 months after surgery compared to preoperatively, decreasing from 37.33 
(32.90,39.56) kg/m2 before surgery to 26.58(25.54,29.07) kg/m2 1 year after surgery. WC was significantly lower (P < 
0.05) at 3 and 12 months after surgery compared to those before surgery, decreasing from 113.5(103.5,122) cm 
preoperatively to 97(88.63,101.5) cm 1 year after surgery. FPG was strikingly lower (P < 0.05) at 3 and 12 months 
after surgery compared to preoperatively, decreasing from 9.57 (7.23,14.32) mmol/L preoperatively to 4.70 (4.53,5.13) 
mmol/L 1 year after surgery. HDL cholesterol levels increased from 1.02(0.91,1.10) mmol/L preoperatively to 1.22 
(1.11,1.50) mmol/L 1 year after surgery, a significant increase (P < 0.05) compared to preoperative values. There was 
a significant reduction (P < 0.05) in LDL cholesterol levels at 12 months after surgery in comparison to preoperative 
levels. The levels decreased from 3.11(2.58,3.64) mmol/L before the surgery to 3.07(2.45,3.49) mmol/L 1 year after 
the surgery.

As shown in Figure 1, in the RYGB group, BMI was strikingly lower (P < 0.05) at 3 and 12 months after surgery 
compared to preoperatively, decreasing from 31.32(28.48,34.56) kg/m2 preoperatively to 24.77(21.67,26.06) kg/m2 

1 year postoperatively. WC was strikingly lower (P < 0.05) 3 and 12 months postoperatively compared to preoperatively, 
decreasing from 105.25(97.75,114.5) cm preoperatively to 87(83.25,92.5) cm at 1 year after surgery. FPG was notably 
lower (P < 0.05) at 3 and 12 months after surgery compared to preoperatively, decreasing from 10.39(7.29,14.21) mmol/ 
L preoperatively to 5.65(4.68,6.38) mmol/L 1 year after surgery. HDL cholesterol levels were prominently higher (P < 
0.05) at 12 months after the surgery compared to preoperatively, increasing from 0.99(0.84,1.12) mmol/L preoperatively 
to 1.23(1.00,1.38) mmol/L 1 year postoperatively. There was a noteworthy reduction (P < 0.05) in LDL cholesterol levels 
12 months after the operation in comparison to preoperative levels, with levels dropping from 2.51(2.06,3.18) mmol/L 
prior to surgery to 2.27(1.76,2.82) mmol/L one year after the surgery.

Statistical Analysis of the 10-Year CVD Risk
Different models were employed to determine the CVD risk among Chinese individuals with obesity, and the 
findings are exhibited in Table 2. As shown in Table 2, when the CVD risk was worked out using the China-PAR 
model for entire data, the CVD risk of 10-year for patients with obesity had decreased from 6.3(2.85,11.28)% 
before the surgery to 2.0(0.95,4.85)% at 1 year after the surgery. The 10-year CVD risk for patients worked out 
using FRS based on laboratory data and non-laboratory data had decreased 1 year after surgery. Similarly when 
compared to before surgery, the risk of CVD was lower 1 year later according to the WHO risk model and the 
Global Risk Model.

CVD risk alterations prior to, 3 month and 1-year following LSG and RYGB are similarly demonstrated in Tables 2 
and 3. As shown in Table 2, 10-year CVD risk calculated by China-PAR risk model decreased after surgery in the LSG 
and RYGB group. According to FRS, the preoperative CVD risk value for the two subgroup had fallen at 1 year after 
surgery. Prior to surgery, the CVD risk values determined through non-laboratory data were 11.7(4.73,20.03)% for LSG 
and 14.55(9.78,19.93)% for RYGB. At 1 year post-surgery, the CVD risk value for LSG dropped to 4.6(1.9,7.4)%, while 
that for RYGB decreased to 6.9(4.1,10.4)%, both of which were significant reductions. The CVD risks calculated using 
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the other two models were also significantly lower after surgery compared to preoperatively. As shown in Table 3, We 
found no statistically significant difference between the LSG and RYGB groups by briefly comparing their RRR at 
one year postoperatively versus preoperatively.

Table 2 10-Year Change in CVD Risk Calculated by Different Cardiovascular Risk Models in LSG and RYGB

CVD Risk pre-op 3 Months 
Operation-op

12 Months 
Operation-op

P P1 P2 P3

LSG/RYGB

CHINA-PAR

ALL 6.3(2.85,11.28) 2.8(1.5,5.4) 2.0(0.95,4.85) <0.001 <0.001 <0.001 0.201

LSG 4.55(2.13,9.43) 2.1(1.05,5.4) 1.00(0.85,2.4) 0.002 0.041 0.001 0.092

RYGB 7.7(3.7,11.68) 3.2(1.95,5.48) 2.7(1.3,5.4) 0.001 0.003 0.002 0.665

FRS (LIPID)

ALL 11.65(6.8,18.78) 6.8(4,10.5) 4.5(1.6,6.95) <0.001 <0.001 <0.001 0.087

LSG 9.00(5,19.53) 4.4(2.45,10.8) 3.8(1.7,6.05) 0.015 0.047 0.007 0.26

RYGB 13.85(9.35,18) 7.25(4.55,10.3) 4.8(1.1,7.8) <0.001 0.001 <0.001 0.178

FRS (BMI)

ALL 13.65(7.68,19.95) 7.6(3.8,10.5) 6.5(3.2,9.5) <0.001 <0.001 <0.001 0.41

LSG 11.7(4.73,20.03) 6.5(2.4,10) 4.6(1.9,7.4) 0.009 0.017 0.006 0.436

RYGB 14.55(9.78,19.93) 8.3(5.35,10.65) 6.9(4.1,10.4) <0.001 <0.001 <0.001 0.634

WHO (TC)

ALL 8(5.25,12.75) 5(3,7) 4(2,6) <0.001 <0.001 <0.001 0.243

LSG 8(3.25,10) 3(2,7) 3(2,4) 0.007 0.017 0.005 0.379

RYGB 9.5(6,14) 6(4,8.25) 4(3,7) <0.001 <0.001 <0.001 0.339

WHO (BMI)

ALL 5(3,8.75) 4(3,6) 4(3,6) 0.114 - - -

LSG 4(3,9) 4(3,7) 3.5(2.75,5.25) 0.399 - - -

RYGB 5(3,8) 4(3,5.25) 4(3,6) 0.206 - - -

GLOBAL RISK (BMI)

ALL 6(4,10) 4(3,6) 4(2,6.5) <0.001 0.001 <0.001 0.477

LSG 8(4,10) 4(2.5,7) 3(2,4) 0.005 0.035 0.002 0.163

RYGB 6(4,10) 4(3,6) 4(2,7) 0.015 0.008 0.038 0.875

GLOBAL RISK (TC)

ALL 12(7,18) 5(3,9) 3(2,8) <0.001 <0.001 <0.001 0.2

LSG 8.5(4,16) 3(3,7) 2(2,3) 0.001 0.009 <0.001 0.152

RYGB 13(8,18) 6(3.75,10) 4(3,8) <0.001 <0.001 <0.001 0.425

Notes: P: Differences among the three groups; P1: Differences between preoperative and 3 months postoperative; P2: Differences between 
preoperative and 12 months postoperative; P3: Difference between 3 and 12 months post-operative.
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Statistical Analysis of the 30-Year CVD Risk
Table 4 illustrates the modifications in 30-year CVD risk that were calculated using the data of all patients with obesity 
before, 3 months after, and 12 months after surgery. Based on laboratory data, the patients’ full CVD risk fell from 53.5 
(33.5,69.25)% before surgery to 20(10,38.5)% one year afterwards. Based on laboratory data, the patients’ hard CVD risk 
also decreased one year later. The full CVD risk for patients determined by non-laboratory data dropped significantly 
from 59.5(40.25,72)% before surgery to 30(16,37.5)% one year after the operation. The hard CVD risk for patients 
determined by non-laboratory data also decreased significantly one year after the operation.

Changes in the 30-year CVD risk before, at 3 month and 12 month after LSG and RYGB are similarly presented in 
Table 4. The full CVD risk in patients determined by laboratory data decreased from 44(24.5,69.75)% before surgery to 
17.5(9.5,35)% 1 year postoperatively in the LSG subgroup and from 59.5(40.75,69.25)% before surgery to 22(8,46)% 
1 year postoperatively in the RYGB subgroup. The full CVD risk in patients determined by non-laboratory data as well 
decreased 1 year after surgery in the LSG and RYGB group. The CVD risk was also significantly lower at 1 year after 
surgery compared to preoperatively in both subgroups when calculated using FRS. As shown in Table 5, a simple 

Table 3 Comparison of the 10-Year Risk of CVD After LSG and RYGB by Different Risk Models

CVD Risk Pre-op 12 Months Operation-op RRR(%) P4 P5 P6

LSG/RYGB

CHINA-PAR

LSG 4.55(2.13,9.43) 1.00(0.85,2.4) 0.70(0.5,0.77) 0.188 0.036 0.699

RYGB 7.7(3.7,11.68) 2.7(1.3,5.4) 0.62(0.46,0.80)

FRS (LIPID)

LSG 9.00(5,19.53) 3.8(1.7,6.05) 0.54(0.31,0.85) 0.112 0.502 0.65

RYGB 13.85(9.35,18) 4.8(1.1,7.8) 0.71(0.10,0.85)

FRS (BMI)

LSG 11.7(4.73,20.03) 4.6(1.9,7.4) 0.55(0.51,0.71) 0.349 0.169 0.887

RYGB 14.55(9.78,19.93) 6.9(4.1,10.4) 0.57(0.48,0.71)

WHO (TC)

LSG 8(3.25,10) 3(2,4) 0.5(0.2,0.7) 0.026 0.054 0.381

RYGB 9.5(6,14) 4(3,7) 0.59(0.42,0.71)

WHO (BMI)

LSG 4(3,9) 3.5(2.75,5.25) 0.33(0.25,0.47) 0.699 0.403 0.823

RYGB 5(3,8) 4(3,6) 0.23(0,0.59)

GLOBAL RISK (TC)

LSG 8.5(4,16) 2(2,3) 0.75(0.5,0.78) 0.027 0.044 0.984

RYGB 13(8,18) 4(3,8) 0.7(0.36,0.84)

GLOBAL RISK (BMI)

LSG 8(4,10) 3(2,4) 0.5(0.33,0.55) 0.867 0.232 0.395

RYGB 6(4,10) 4(2,7) 0.4(0.14,0.6)

Notes: P4: LSG vs RYGB preoperatively; P5: LSG vs RYGB 1 year postoperatively; P6: RRR between LSG and RYGB.
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Table 4 30-Year Change in CVD Risk Calculated by FRS in LSG and RYGB

CVD Risk Pre-op 3 Months Operation-op 12 Months Operation-op P P1 P2 P3

LSG/RYGB

FRS-FULL (LIPID)

ALL 53.5(33.5,69.25) 32(21.8,45) 20(10,38.5) <0.001 <0.001 <0.001 0.207

LSG 44(24.5,69.75) 24(14,44) 17.5(9.5,35) 0.03 0.022 0.035 0.804

RYGB 59.5(40.75,69.25) 36.7(27.75,45.4) 22(8,46) <0.001 <0.001 <0.001 0.163

FRS-HARD (LIPID)

ALL 36(22,51) 19(11,28) 12(4,20) <0.001 <0.001 <0.001 0.172

LSG 23.5(14,50) 12(7,26.5) 9.5(4,18.5) 0.029 0.024 0.031 0.744

RYGB 39(31,52) 25(13.7,31.25) 12(3,21) <0.001 <0.001 <0.001 0.153

FRS-FULL (BMI)

ALL 59.5(40.25,72) 35(24,45) 30(16,37.5) <0.001 <0.001 <0.001 0.15

LSG 57(27,75.75) 28(13.5,42) 21(11.75,31.5) 0.001 0.005 0.001 0.342

RYGB 60(49.5,71.5) 40(29,46.25) 34(20,41) <0.001 <0.001 <0.001 0.21

FRS-HARD (BMI)

ALL 43(28.25,61.5) 23(14,33) 17(8.5,24) <0.001 <0.001 <0.001 0.179

LSG 40(16.75,64.5) 17(6.5,27) 13(5.75,19.75) 0.001 0.003 0.002 0.481

RYGB 45.5(36,56.75) 27(15.75,34) 18(10,28) <0.001 <0.001 <0.001 0.197

Notes: P: Differences among the three groups; P1: Differences between preoperative and 3 months postoperative; P2: Differences between preoperative and 
12 months postoperative; P3: Difference between 3 and 12 months post-operative.

Table 5 Comparison of the 30-Year Risk of CVD After LSG and RYGB by Different Risk Models

CVD Risk Pre-op 12 Months Operation-op RRR(%) P4 P5 P6

LSG/RYGB

FRS-FULL (LIPID)

LSG 44(24.5,69.75) 17.5(9.5,35) 0.54(−0.31,0.61) 0.03 0.792 0.502

RYGB 59.5(40.75,69.25) 22(8,46) 0.60(0.03,0.79)

FRS-HARD (LIPID)

LSG 23.5(14,50) 9.5(4,18.5) 0.52(−0.21,0.71) 0.03 0.855 0.231

RYGB 39(31,52) 12(3,21) 0.71(0.08,0.87)

FRS-FULL (BMI)

LSG 57(27,75.75) 21(11.75,31.5) 0.58(0.51,0.65) 0.338 0.123 0.502

RYGB 60(49.5,71.5) 34(20,41) 0.52(0.33,0.69)

(Continued)
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comparison of RRR in the LSG and RYGB groups at 1 year after surgery and before surgery showed no statistical 
difference in calculating patients’ CVD risk at 30 years after surgery.

Discussion
Obesity is associated with an increased risk in individuals with CVD.7,28 Patients with obesity are more likely to have 
a higher risk of cardiovascular mortality and morbidity.29–31 BMS significantly and consistently reduces weight in 
patients with obesity compared to conventional methods. However, there are few studies using multiple models to 
evaluate the effect of BMS on the risk of CVD in Chinese patients with obesity.

Firstly, we compared modifications in metabolic indicators prior to, at 3 months, and 12 months following the surgery. 
Metabolic parameters had decreased strikingly 3 months postoperatively. In middle-aged men, the presence of abdominal 
obesity was identified as a distinct independent risk factor for coronary artery disease (CAD).32–34 A considerable 
decrease in WC following BMS can lead to a reduced CVD risk in patients with obesity. Individuals with elevated levels 
of LDL cholesterol are at an increased risk of developing CAD, which can be relieved by BMS to bring down LDL 
cholesterol levels.35,36 The HDL cholesterol levels in the current study were considerably higher 12 months after surgery 
when compared to pre-surgery. In previous studies, HDL cholesterol levels were significantly higher 12 months after 
BMS compared to preoperatively.36,37 Similarly, Adam et al’s study showed that HDL cholesterol levels were elevated 
and that HDL cholesterol function was enhanced as early as 6 months after surgery.38 HDL is a protective factor against 
CVD.39,40 The reduced CVD risk after BMS may be associated with elevated HDL cholesterol levels and enhanced 
function after surgery.38,41 At one year following BMS, the percentage of diabetes remission in the current study’s 
individuals with obesity was 77.27%.Additional metabolic syndromes such as hypertension and dyslipidemia also 
improved significantly, and these metabolic benefits may have contributed to the reduction in CVD risk after BMS. 
Furthermore, BMI, WC, FPG, and HbA1c were strikingly reduced at 3 months post BMS compared to preoperative 
values in subgroup analyses of LSG and RYGB. The findings of the present study are consistent with those of earlier 
studies.42–44

This study aimed to evaluate the effect of BMS on CVD risk among Chinese individuals with obesity through the 
utilization of multiple models. The findings from all four models revealed that individuals with obesity had considerably 
lower 10-year CVD risk at 3 and 12 months post-surgery compared to pre-surgery. Elsaid et al looked explored the 
relationship between BMS and the risk of CVD in individuals who had nonalcoholic fatty liver disease and extreme 
obesity. Mohamed I. Elsaid et al’s study on the relationship between BMS and CVD risk in people with severe obesity 
and NAFLD found that at the end of the investigation, BMS reduced the risk of CVD by about 49% compared to non- 
surgery and could lower the risk of primary composite CVD by 47% versus 50% of secondary composite CVD.45 

Similarly, Oliveira et al also demonstrated a substantial decrease in the 10-year CVD risk following BMS, with this 
decline being particularly prominent in the first year following surgery.13 Among the overall CVD risks in patients with 
obesity calculated using the China-PAR equation, the relative risk was reduced by 65% 1 year postoperatively compared 
to those before surgery. In a similar vein, Ke et al discovered that using the China-PAR risk model, the overall 
atherosclerotic CVD risk 1 year postoperatively decreased from 4.2% to 2.3% in the patient subgroup with a BMI 

Table 5 (Continued). 

CVD Risk Pre-op 12 Months Operation-op RRR(%) P4 P5 P6

LSG/RYGB

FRS-HARD (BMI)

LSG 40(16.75,64.5) 13(5.75,19.75) 0.63(0.56,0.74) 0.261 0.157 0.951

RYGB 45.5(36,56.75) 18(10,28) 0.65(0.39,0.76)

Notes: P4: LSG vs RYGB preoperatively; P5: LSG vs RYGB 1 year postoperatively; P6: RRR between LSG and RYGB.
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30 kg/m2 and from 25.3% to 13.9% in the patient subgroup with a BMI > 30 kg/m2.46 The cardiovascular age, general 
CVD risk, and risk of atherosclerotic CVD also decreased significantly after LSG in Huang et al’s study using the 
original and recalibrated Framingham 10-year coronary heart disease risk score and three other CVD risk models.4 

Similar results were obtained in this study using FRS. At one year after surgery, the 10-year CVD risk calculated using 
FRS based on laboratory data decreased 63% compared to the pre-surgery level, and the 10-year CVD risk calculated 
using FRS based on non-laboratory data decreased 56%. Furthermore, according to FRS, the patients’ 30-year CVD risk 
1 year postoperatively had also significantly decreased compared to those before surgery. When patients’ 10-year CVD 
risk was calculated based on laboratory data and non-laboratory data adopting the WHO risk model, the risk was also 
strikingly reduced one year post-surgery compared to pre-surgery. When the 10-year CVD risk based on laboratory data 
was calculated using the Global Risk Model, it was shown to be reduced by 71% one year after surgery compared to the 
pre-operative risk. The risk had greatly decreased 1 year postoperatively compared to those before surgery, but with 
a lesser reduction compared to laboratory-based data when the patients’ 10-year CVD risk was computed based on non- 
laboratory data. The reduction in cardiovascular risk in obese patients after bariatric surgery may be related to patients’ 
reduced body weight and improved metabolic markers. Related studies indicate that the mechanism may be associated 
with hemodynamic alterations, heightened sympathetic tone, tissue inflammation, and endothelial modifications.8,9

Subsequently, we carried out subgroup analysis according to the type of surgical procedure. In both the LSG and 
RYGB groups, there was a significant reduction in CVD risk one year after BMS compared to pre-surgery. When 
patients’ CVD risk was calculated using the China-PAR risk model, the 10-year CVD risk one year after surgery was 
70% lower in the LSG group and 62% lower in the RYGB group compared to the pre-surgery risk. Using the WHO risk 
model based on laboratory data, the 1-year relative CVD risk after LSG was reduced by 50% compared to the pre- 
operative risk, and the 1-year relative CVD risk after RYGB was reduced by 59% compared to the pre-operative risk. The 
Global Risk Model revealed a 75% reduction in the relative CVD risk 1 year postoperatively in the LSG group and 
a 70% reduction in the relative CVD risk 1 year postoperatively in the RYGB group compared to the preoperative risk 
based on laboratory data. In addition, based on non-laboratory data on post-operative risk, the relative risk of patients in 
several model groups was significantly reduced. Wei et al used the United Kingdom Prospective Diabetes Study 
(UKPDS) model to demonstrate a 47.4% reduction in the 10-year CVD risk 1 year postoperatively with LSG and 
a 50.1% reduction in the 10-year CVD risk 1 year postoperatively with RYGB compared to the preoperative period. The 
results of this study were similar, in Table 4, when multiple models were used to calculate the patients’ 10-year CVD 
risk, the difference in the effect of cardiovascular risk reduction after surgery was not statistically significant between the 
LSG and RYGB groups. Also, in Table 5, the difference in postoperative cardiovascular risk reduction between the LSG 
and RYGB groups was not statistically different when calculating the patients’ 30-year CVD risk.

The novelty of this study is the use of multiple models of CVD risk in Chinese patients with obesity before and after 
BMS. Among them, the WHO risk model and Global Risk Model were applied to assess the CVD risk before and after 
BMS, which is novel and provides additional theoretical support for the clinical assessment of BMS to reduce the CVD 
risk in patients with obesity. In the subgroup analysis, various CVD risk models were applied to assess the CVD risk in 
Chinese patients with obesity before and after LSG and RYGB, adding further theoretical foundation for assessing the 
CVD risk following various surgical treatments.

There are some limitations to this study. First, this is a retrospective study with a relatively limited sample size. In 
addition, the follow-up period was relatively short. To get around these, additional research on the advantages of BMS in 
lowering the CVD risk in people with obesity should be conducted with a large sample size and prolonged follow-up.

Conclusions
In this study, the CVD risk after BMS was significantly reduced compared to the preoperative risk using multiple models. 
In terms of improving cardiovascular risk, SG and RYGB appear to be equally effective.
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