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Abstract: Objective: To explore the clinical value of assessing early postoperative blood lipid metabolism levels in 
predicting anastomotic leakage (AL) after esophageal cancer (EC) surgery. Methods: The clinical data of EC patients 
who underwent surgery at the Northern Jiangsu People’s Hospital from May 2021 to May 2023 were retrospectively 
studied. Totally, 28 patients who developed AL were included in the AL group, while 110 patients who did not de-
velop AL were included in the non-AL group. Outcomes compared between the two groups included clinical baseline 
data, total cholesterol (TC), triglycerides, high-density lipoprotein cholesterol (HDL-C), and low-density lipoprotein 
cholesterol (LDL-C) levels. Logistic regression analysis was performed to identify independent risk factors for post-
operative AL. The predictive value of early postoperative blood lipid metabolism levels for AL was evaluated using 
Receiver Operating Characteristic (ROC) curves. Results: The AL group exhibited significantly elevated levels of TC 
and LDL-C but significantly reduced HDL-C levels compared to the non-AL group (all P<0.05). However, there was no 
significant difference in triglyceride levels between the two groups (P>0.05). Logistic regression analysis revealed 
that low BMI (P=0.012; OR: 4.409; 95% CI: 1.391-13.976), comorbid hypertension (P=0.011; OR: 5.891; 95% CI: 
1.492-23.259), comorbid diabetes (P=0.022; OR: 4.522; 95% CI: 1.238-16.521), low HDL-C (P=0.007; OR: 19.965; 
95% CI: 2.293-173.809), and high LDL-C (P=0.012; OR: 4.321; 95% CI: 1.388-13.449) were independent risk fac-
tors for developing AL after EC surgery. The combined prediction model using TC, HDL-C, and LDL-C yielded an area 
under the curve (AUC) of 0.876, with a sensitivity of 79.09%, specificity of 85.71%, and overall accuracy of 80.44%, 
significantly outperforming individual lipid measurements. Conclusion: The combined assessment of TC, HDL-C, and 
LDL-C can effectively predict the occurrence of AL after EC surgery. For EC patients with relatively low BMI, hyperten-
sion, diabetes, relatively low HDL-C, and relatively high LDL-C, prioritizing weight management, hypertension and 
diabetes control, and lipid management can significantly reduce the risk of AL post-surgery.
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Introduction

Esophageal cancer (EC) is a prevalent malig-
nancy of the digestive system in China, and  
surgery is the main treatment modality [1]. 
However, EC surgery is associated with long 
operation time, intricate techniques, consider-
able patient trauma, and a high risk of pos- 
toperative complications. Anastomotic leakage 
(AL) is one of the serious complications after  
EC surgery [2]. AL often leads to systemic toxic 
symptoms in patients, exacerbating the alrea- 
dy poor nutritional status of those with EC, 
thereby substantially increasing the risk of cir-

culatory and respiratory failure [3]. Therefore, it 
is of particular importance to identify high-risk 
factors for AL after EC surgery for timely and 
effective intervention.

Currently, predicting the occurrence of AL after 
EC surgery remains challenging. In clinical prac-
tice, prediction is often based on preoperative 
assessment (age, gender, body mass index), 
analysis of intraoperative factors (degree of  
surgical trauma, operation time, intraoperative 
blood loss), and postoperative monitoring [4]. 
However, given the complex nature of EC sur-
gery and the multifactorial nature of its associ-
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ated complications, there is no universally ac- 
cepted standardized approach for predicting  
AL [5]. Research in other surgical fields has 
shown that dyslipidemia may be associated 
with an increased risk of postoperative compli-
cations [6-8]. Blood lipid metabolism levels, 
such as high cholesterol, high triglycerides,  
and abnormal lipoprotein profiles, may be relat-
ed to inflammation, immune function suppres-
sion, and impaired tissue repair capacity, which 
could affect postoperative recovery and prog-
nosis [9]. However, there is currently limited 
research on the association between early 
postoperative blood lipid metabolism levels 
and AL after EC surgery.

Accordingly, this study explored the clinical 
value of early postoperative blood lipid metabo-
lism in predicting the occurrence of AL after EC 
surgery, aiming to provide a more comprehen-
sive evaluation of postoperative risk and help 
develop individualized management strategies 
for EC patients. This approach provides a novel 
perspective and methodology by using blood 
lipid metabolism indices for anticipating AL 
post-surgery, potentially enhancing patient out-
come through more precise and proactive 
intervention.

Materials and methods

Sample source

With the approval from the Medical Ethics 
Committee of the Northern Jiangsu People’s 
Hospital (LW2023260), the clinical data of EC 
patients who underwent surgery at our hospital 
from May 2021 to May 2023 were retrospec-
tively studied.

Sample size determination

We anticipated a 20% effect size difference 
and employed a two-tailed t-test for hypothesis 
testing, with a significance level (α) set at 0.05 
and a statistical power (1-β) of 0.80. We utilized 
the sample size calculation formula to deter-
mine the minimum required sample size: n = 
(Zα/2 + Zβ)^2 * (2 * σ^2)/Δ^2. Based on esti-
mates of the standard deviation from similar 
research, we assumed a population standard 
deviation of 10. Finally, we obtained that at 
least 138 patients were required to achieve 
sufficient statistical power.

Patient screening and grouping

Based on the following criteria, 138 eligible 
patients were selected from the initial pool of 
160 patients. Inclusion criteria: (1) patients 
with age ≥18 years; (2) patients pathologically 
diagnosed with primary EC [1]; (3) patients  
who underwent first-time EC resection surgery. 
Exclusion criteria: (1) patients with incomplete 
basic patient information; (2) patients with 
other tumors, including cerebrovascular dis-
eases, heart diseases, respiratory, urinary, or 
gastrointestinal infections; (3) patients with 
liver cirrhosis; (4) patients who required intra-
operative conversion to open abdominal or tho-
racic surgery; (5) patients with recurrent EC. 
Based on the occurrence of postoperative AL, 
28 patients who developed AL were included in 
the AL group, while the other 110 patients who 
did not develop AL were included in the non-AL 
group, as shown in Figure 1.

Data collection

Clinical and laboratory data were meticulously 
gathered from patient outpatient and medi- 
cal records, including age, gender, body mass 
index (BMI), history of alcohol consumption, 
history of smoking, comorbidities, place of resi-
dence, postoperative hemoglobin levels, post-
operative white blood cell count, intraoperative 
blood loss, and early postoperative blood lipid 
metabolism indices.

Outcome measures

(1) The clinical baseline data of the two groups 
were compared. (2) The total cholesterol (TC), 
triglycerides, high-density lipoprotein choles-
terol (HDL-C), and low-density lipoprotein cho-
lesterol (LDL-C) levels were compared between 
the two groups. For this purpose, fasting venous 
blood (5 mL) was collected from each patient in 
the early morning and analyzed using a fully 
automated biochemical analyzer. (3) Logistic 
regression analysis was performed to identify 
independent risk factors for postoperative AL. 
(4) The predictive value of early postoperative 
blood lipid metabolism for AL was evaluated 
using Receiver Operating Characteristic (ROC) 
curves.

Statistical analyses

Statistical analysis was performed using SPSS 
20.0, and graphical representation was real-
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ized by using GraphPad Prism 7. Counted data 
were expressed as [n (%)] and compared us- 
ing χ2 test. Measured data were expressed as 
mean ± standard deviation, and the inter- 
group comparison was conducted using t-test. 
Logistic regression analysis was conducted to 
identify the risk factors influencing the occur-
rence of AL after EC surgery. Receiver Operat- 
ing Characteristic (ROC) curve analysis was 
used to determine the predictive value of early 
postoperative blood lipid metabolism levels for 

the occurrence of AL. P<0.05 was indicative of 
a significant difference.

Results

Comparison of clinical baseline data

The clinical data of the AL group and non-AL 
group were analyzed and compared (Table 1). 
There were no significant differences in gender, 
postoperative white blood cell count, intraop-
erative blood loss, drinking history, smoking 

Figure 1. Patient screening and grouping process.

Table 1. Univariate analysis of factors influencing the occurrence of anastomotic leakage after radical 
resection for EC

Factor AL group (n=28) Non-AL group 
(n=110) P value

Age 65.9±7.0 60.6±5.2 <0.0001
Sex Male/female 20/8 74/36 0.6524
BMI (kg/m2) 18.58±2.21 20.56±3.02 0.0014
Hemoglobin after operation (g/L) 100.08±18.88 109.80±20.0 0.0221
Postoperative white blood cell count (109/L) 12.66±2.87 12.19±3.10 0.4729
Intraoperative blood loss (mL) 98.17±10.70 97.01±13.26 0.6669
History of drinking Yes/no 6/22 22/88 0.8667
History of smoking Yes/no 8/20 32/78 0.9569
Comorbid diabetics Yes/no 10/18 20/90 0.0446
Comorbid hypertension Yes/no 9/19 17/93 0.0438
Place of residence Rural/urban areas 15/13 71/39 0.2847
Note: BMI: Body mass index.
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Figure 2. Comparison of blood lipid metabolism in early postoperative peri-
od between the two groups. Notes: TC: Total cholesterol; HDL-C: High-density 
lipoprotein cholesterol; LDL-C: Low-density lipoprotein cholesterol.

Table 2. Variable assignment
Factor Assignment
Age ≥61=1, <61=0
BMI <20=1, ≥20=0
Hemoglobin after operation (g/L) <107=1, ≥107=0
Comorbid diabetics Yes =1, None =0
Comorbid hypertension Yes =1, None =0
Total cholesterol (mmol/L) ≥4.6=1, <4.6=0
HDL-C (mmol/L) <1.5=1, ≥1.5=0
LDL-C (mmol/L) ≥3.2=1, <3.2=0
Postoperative anastomotic leakage Yes =1, None =0
Notes: BMI: Body mass index; TC: Total cholesterol; HDL-C: 
High-density lipoprotein cholesterol; LDL-C: Low-density 
lipoprotein cholesterol.

history or place of residence between the two 
groups (all P>0.05). However, significant differ-
ences were noted in age, BMI, postoperative 
hemoglobin, diabetes and hypertension (all P< 
0.05).

Comparison of early postoperative blood lipid 
metabolism levels between the two groups

The lipid profiles, specifically TC, triglycerides, 
HDL-C, and LDL-C, were compared early post-
operatively between the two groups. The re- 
sults revealed that the AL group exhibited sig-
nificantly higher levels of TC and LDL-C com-
pared to the non-AL group (all P<0.05) and  
significantly lower HDL-C level than the non-AL 

group (P<0.05). No significant 
difference was found between 
the two groups in triglyceride 
levels (P>0.05, Figure 2).

Factors influencing the oc-
currence of AL after radical 
resection of EC

Assignment was made to the 
notably different indexes in 
clinical data comparison and 
TC, HDL-C and LDL-C (Table 2) 
for a subsequent multivariate 
analysis. Logistic regression 
analysis identified relatively 
low BMI, comorbid hyperten-
sion, comorbid diabetes, rela-
tively low HDL-C, and relatively 
high LDL-C as independent risk 
factors influencing the occur-
rence of AL after EC surgery 
(Table 3).

Prediction efficacy of blood lipid metabolism 
levels for the occurrence of AL after radical 
resection of EC

Finally, the predictive power of TC, HDL-C, LDL-C 
and their combination in predicting AL after 
radical resection of EC was analyzed. ROC cur- 
ve analysis revealed that the joint prediction 
using TC, HDL-C, and LDL-C for the occurrence 
of AL after EC surgery had an AUC of 0.876, 
which was significantly higher than the individu-
al predictions (P<0.05). Furthermore, the joint 
prediction had higher accuracy than individual 
predictions (Figure 3 and Table 4).

Discussion

Anastomotic leakage (AL) is one of the most 
serious complications following EC resection, 
with high morbidity and mortality rates [10]. 
This severe complication not only prolongs the 
postoperative hospital stay, but also signifi-
cantly reduces the quality of life, and may delay 
treatment and promote tumor recurrence [11, 
12]. Therefore, achieving real-time monitoring 
and early warning is crucial in reducing the neg-
ative impact of AL on patients.

This study investigated the clinical value of 
assessing early postoperative TC, HDL-C, and 
LDL-C levels in predicting the occurrence of AL 
after EC surgery. The results demonstrated th- 
at the combined prediction using these three 
factors exhibited significantly higher predictive 
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Table 3. Multivariate logistic regression analysis

Factors B S.E. Wals df Sig. Exp (B)
95% C.I. for EXP (B)

Lower limit Upper limit
Age 1.219 0.626 3.792 1 0.051 3.383 0.992 11.537
BMI 1.484 0.589 6.351 1 0.012 4.409 1.391 13.976
Hemoglobin after operation (g/L) 0.457 0.564 0.656 1 0.418 1.579 0.523 4.768
Comorbid diabetics 1.509 0.661 5.211 1 0.022 4.522 1.238 16.521
Comorbid hypertension 1.773 0.701 6.405 1 0.011 5.891 1.492 23.259
Total cholesterol (mmol/L) 0.438 0.605 0.524 1 0.469 1.549 0.474 5.069
HDL-C (mmol/L) 2.994 1.104 7.353 1 0.007 19.965 2.293 173.809
LDL-C (mmol/L) 1.463 0.579 6.380 1 0.012 4.321 1.388 13.449
Notes: BMI: Body mass index; TC: Total cholesterol; HDL-C: High-density lipoprotein cholesterol; LDL-C: Low-density lipoprotein 
cholesterol.

efficacy compared to the individual predic- 
tions.

Some studies suggest that blood lipid metabo-
lism markers can serve as prognostic indica-
tors for cancer patients [13, 14]. Clinically, 
serum lipid levels are used to assess body lipid 
metabolism. The manifests of abnormal blood 
lipid levels include increased TC, triglycerides, 
increased LDL-C concentration, and decreased 
HDL-C concentration. In recent years, studies 
have found that blood lipid metabolism levels 
can affect the development of various types of 
cancer [15, 16]. In this study, patients who 
developed AL after EC surgery had notably 
higher levels of TC and LDL-C compared to 

Figure 3. ROC curve analysis of lipid metabolism lev-
els for predicting anastomotic leakage after radical 
resection of EC. Notes: TC: Total cholesterol; HDL-C: 
High-density lipoprotein cholesterol; LDL-C: Low-den-
sity lipoprotein cholesterol.

those without AL. On the other hand, HDL-C lev-
els were notably lower in the AL group. These 
findings align with the aforementioned view-
point. He et al. [17] identified several risk fac-
tors for AL after colon cancer surgery, including 
male gender, BMI, obesity, comorbid lung dis-
ease, anesthesia, ASA score, emergency sur-
gery, open surgery, and resection method. This 
study also found that low BMI was a risk factor 
for AL after EC surgery. A lower BMI may indi-
cate inadequate nutritional and energetic 
reserves necessary for effective wound healing 
and immune function [18-20]. In the study by 
van Kooten et al. [21], hypertension was identi-
fied as a prognostic factor influencing AL. 
Kentaro Maejima et al. [22] identified diabetes 
as an independent risk factor for esophagojeju-
nal AL and pointed out that diabetes affected 
wound healing, not just at surgical incision sites 
but also at intestinal anastomoses. Consistent 
with these studies, this research also con-
firmed that both hypertension and diabetes are 
independent risk factors for AL after EC sur-
gery. The combination of hypertension and dia-
betes leads to inadequate blood supply, hin-
ders tissue repair, and increases risk of in- 
fection. Hence, it is crucial to emphasize the 
importance of preoperative and postoperative 
blood pressure control as well as glucose man-
agement in order to mitigate the risk of AL. 
Furthermore, low HDL-C and high LDL-C levels 
are associated with increased inflammation, 
decreased immune function, and abnormal 
vascular function, all of which may interfere 
with the wound healing process and increase 
the risk of AL [23, 24]. Aligning with these 
reports, this study, through logistic regression 
analysis, found that low HDL-C and high LDL-C 
were independent risk factors influencing the 
occurrence of AL after EC surgery.
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Table 4. ROC curve values of lipid metabolism level in predict-
ing anastomotic leakage after radical operation for esopha-
geal cancer

Total  
cholesterol

High density 
lipoprotein 
cholesterol

Low density 
lipoprotein 
cholesterol

Combination

AUC 0.751 0.681 0.779 0.876
Sensitivity 58.18% 50.00% 76.63% 79.09%
Specificity 85.71% 92.86% 67.86% 85.71%
Accuracy 63.77% 58.70% 74.64% 80.44%
Note: AUC: Area under the curve.

Due to the lack of significant differences in tri-
glyceride levels between the two groups, the 
final analysis of this study focused only on the 
value of TC, HDL-C, LDL-C, and their joint predic-
tion for the occurrence of AL after EC surgery. 
The joint prediction yielded an AUC of 0.876 
and an accuracy of 86.96%, which significantly 
surpassed the predictive performance of the 
individual factors. 

The study confirms that a combined approach, 
utilizing TC, HDL-C, and LDL-C, can effectively 
predict the occurrence of AL following EC sur-
gery. For EC patients with relatively low BMI, 
hypertension, diabetes, relatively low HDL-C, 
and relatively high LDL-C, it is recommended to 
optimize weight management, control hyper-
tension and diabetes, and manage lipid levels 
to reduce the occurrence of AL. However, it is 
important to note that this study’s retrospec-
tive case-control design inherently limits the 
scope of its findings. The selection of patients 
who underwent EC surgery was based on the 
results obtained from medical records. The 
inclusion of patients and the available data  
on risk factors were limited, which may have 
affected the conclusions drawn from the study.
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