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Abstract
Background
Surgery is widely regarded as a pivotal therapeutic approach for treating oesophageal cancer, and clinical observations have revealed that many oesophageal cancer patients also present with concomitant hyperlipidaemia. It is surprising that few studies have been performed to determine how blood lipid levels are affected by oesophageal cancer resection. This research was designed to assess the influence of oesophageal cancer resection on lipid profiles among individuals diagnosed with both oesophageal cancer and hyperlipidaemia.

Methods
A retrospective analysis was carried out on 110 patients with hyperlipidaemia and oesophageal cancer who had undergone oesophagectomy at the 900th Hospital of the Joint Logistics Support Force of the Chinese People's Liberation Army. Preoperative and postoperative serological data were collected at seven-, thirty-, sixty-day-, and one-year-long intervals. Changes in lipid levels were compared, the remission of various types of hyperlipidaemia was statistically assessed, and Pearson correlation was used to analyse the association between lipid changes and preoperative body weight. The research sought to assess the reduction in body weight and the proportion of body weight lost one year following surgery.

Results
Noteworthy decreases were observed in total cholesterol (TC), triglyceride (TG), and low-density lipoprotein (LDL) levels, with TC decreasing from 6.20 mmol/L to 5.20 mmol/L, TG decreasing from 1.40 mmol/L to 1.20 mmol/L, and LDL decreasing from 4.50 mmol/L to 3.30 mmol/L. Conversely, there was a notable increase in high-density lipoprotein (HDL) levels, which increased from 1.20 mmol/L to 1.40 mmol/L (P < 0.05) compared to the preoperative levels. Notably, the remission rates for mixed hyperlipidaemia (60.9%) and high cholesterol (60.0%) were considerably greater than those for high triglycerides (16.2%). Alterations in TC at one year postoperatively correlated with preoperative weight and weight loss (r = 0.315, -0.216); changes in TG correlated with preoperative weight, percentage of total weight loss (TWL%), and weight reduction (r = -0.295, -0.246, 0.320); and changes in LDL correlated with preoperative weight, TWL%, and weight loss (r = 0.251, 0.186, and -0.207). Changes in non-high-density lipoprotein(non-HDL) were linked to preoperative weight (r = 0.300), and changes in TG/HDL were correlated with preoperative weight and TWL% (r = -0.424, -0.251).

Conclusions
Oesophagectomy significantly improved lipid profiles in oesophageal cancer patients, potentially leading to a reduction in overall cardiovascular risk.
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Introduction
Oesophageal cancer, a malignancy known for its high mortality rate and poor prognosis [1], ranks as the seventh most prevalent cancer worldwide and is the sixth leading cause of cancer-related deaths [2]. Hyperlipidaemia, characterized by elevated levels of LDL or TC,poses a substantial danger element for the development of atherosclerotic cardiovascular conditions [3]. The American Lipid Association has promoted LDL and non-HDL as the main targets of long-term therapies meant to lower the risk of atherosclerotic cardiovascular conditions [4]. Parameters such as total cholesterol, the ratio of total cholesterol to HDL, the ratio of triglycerides to HDL, and the ratio of LDL to HDL have demonstrated their reliability in predicting the onset of atherosclerosis and chronic kidney disease [5]. Notably, many oesophageal cancer patients exhibit concurrent hyperlipidaemia.
Surgery has emerged as the most efficacious approach for the treatment of oesophageal cancer [6]. Oesophagectomy for this condition typically involves the liberation of the oesophagus, excision of the oesophageal tumour, elevation of the free stomach into the abdominal cavity, creation of a tubular stomach, and the establishment of an end-to-side anastomosis connecting the proximal oesophagus to the tubular stomach at the neck. This procedure shares certain similarities with bariatric surgery. According to data from 2019, the most commonly conducted bariatric surgeries, included Roux-en-Y (38.2%), sleeve gastrectomy (46%), flexible gastric banding (7.6%), and biliopancreatic diversion (5.0%) [7]. Both oesophagectomy and bariatric surgery involve partial stomach removal or a reduction in stomach volume. Studies have demonstrated that bariatric surgery can effectively address obesity-related complications, including hyperlipidaemia [8]. Research by Paulina et al. revealed that patients with hyperlipidaemia were able to discontinue or reduce medication usage following sleeve gastrectomy and adjustable gastric banding [9, 10]. Furthermore, a meta-analysis conducted by Al Khalifa et al.reported findings showed that 54% of patients achieved full resolution of hyperlipidaemia, while 83.5% experienced enhancements subsequent to sleeve gastrectomy [11]. In summary, the impacts of weight loss surgery on hyperlipidaemia have been investigated in numerous studies. However, the effects of oesophagectomy on patients with hyperlipidaemia have often been overlooked or have failed to receive adequate attention. To the best of our knowledge, the effect of oesophagectomy on hyperlipidaemia has not been documented in any literature to date.
Through systematic observation and extended monitoring of metabolic indices (TC, TG, LDL, HDL, non-HDL, TC/HDL, TG/HDL, and LDL/HDL) in a sample of hyperlipidaemic patients, this study aimed to investigate the effects of oesophageal cancer resection on hyperlipidaemic patients. Additionally, we investigated the correlations between lipid changes and preoperative body weight, postoperative body weight, and the proportion of body weight lost following surgery after one year. The aim of this study was to clarify the effects of oesophageal cancer resection on patients’ metabolic function, thereby helping to fill the current gap in the literature and provide clinicians with better postoperative management strategies to improve patients' quality of life and long-term survival.

Methods
Subjects
The clinical data of 110 patients with hyperlipidaemia and oesophageal cancer who underwent esophagectomies at the Joint Logistics Support Force's 900TH Hospital between January 2018 and July 2022 were compiled through a retrospective review. The patients were screened based on the following criteria for inclusion:had a diagnosis of oesophageal cancer based on pathology, had preoperative combined hyperlipidaemia,and underwent oesophageal cancer resection involving the creation of a tube stomach. The exclusion criteria included concurrent severe dysfunction of other vital organs, severe postoperative complications,c incomplete clinical data, and loss to follow-up. Notably, prior to the surgical procedures, all patients and their family members provided informed consent for the operations.

Operation method
All patients were subjected to a preoperative multidisciplinary discussion, were indicated for surgery, and had no contraindications to surgery. Minimally invasive or open surgical approaches were used according to tumour characteristics (tumour adjacency to surrounding tissues, lymph node size and fusion, etc.) and personal history (e.g., history of previous thoracic or abdominal surgery). Patients in the minimally invasive group underwent thoracolaparoscopy, and patients in the open group underwent conventional open surgery. Surgical manoeuvres were performed as described in previous literature [12, 13]. The thoracic part of the operation included freeing the thoracic oesophagus and clearing the paraoesophageal lymph nodes, bilateral paraglottic lymph nodes, subglottic lymph nodes, paratracheal lymph nodes, lower pulmonary ligament lymph nodes, and paradiaphragmatic lymph nodes according to the American Joint Committee on Cancer(AJCC) guidelines. The abdominal operation portion included freeing the stomach, clearing the abdominal lymph nodes according to the AJCC guidelines, and creating a tube stomach (resection of a portion of the lesser curvature of the stomach through a linear cutting obturator, with a width of the tube stomach of approximately 3–6 cm). The oesophagus was severed after freeing the cervical oesophagus through a cervical incision, and the proximal oesophagus was anastomosed with the tube stomach at the cervical level on the left side of the neck.

Data collection
Clinical data, including preoperative, 1-week postoperative,and 1-,3-,6-, and 12-month postoperative weight measurements, as well as blood biochemical results, were extracted from medical records, supplemented by information obtained through telephone interviews and microfilm follow-ups. A variety of factors, such as alanine aminotransferase (ALT), aspartate aminotransferase (AST), glutamyl transpeptidase (GGT), total cholesterol (TC), triglyceride (TG), high-density lipoprotein (HDL), low-density lipoprotein (LDL), glucose (GLU), uric acid (UA), total protein (TP), and albumin (ALB), were evaluated biochemically. The follow-up process continued until August 2022.

Definition of hyperlipidaemia, non-HDL,and TWL%
The criteria for defining and classifying hyperlipidaemia were in accordance with the Chinese Guidelines for Prevention and Control of Dyslipidaemia in Adults (2016 Revision) [14]. According to the lipid stratification criteria, both borderline elevation and elevation were considered abnormal. Hyperlipidaemia was identified if any of the following conditions were met: (1) TC ≥ 5.2 mmol/L;(2) TG ≥ 1.7 mmol/L; (3) LDL-C ≥ 3.4 mmol/L;or (4) HDL-C ≤ 1.0 mmol/L.
Hyperlipidaemia was further classified into hypercholesterolemia, hypertriglyceridaemia, and mixed hyperlipidaemia based on clinical dyslipidaemia classification. At the one-year postoperative examination, remission of hyperlipidaemia was defined as the absence of a rise in TC, TG, or LDL, together with a reduction in at least one of these parameters.
Non-HDL represents the cumulative cholesterol content within lipoproteins other than HDL and is computed using the non-HDL-C = TC—HDL-C formula.
The TWL% was computed by dividing the disparity between the weight reported on the postoperative follow-up day and the original preoperative weight by the preoperative weight.

Statistical analysis
The statistical software SPSS (version 20.0) was used for all analyses. Normally distributed continuous variables are expressed as the mean ± standard deviation (x ± s), while variables that do not meet these requirements are expressed as the median (quartiles) [M(P25, P75)], the fundamental clinical traits of the research population are expressed as the number of patients and percentages. The Wilcoxon paired-sign rank test was used to compare differences between the two groups in terms of the matched-pair design before surgery and one year after surgery. The Friedman test was used for repeated measures of non-normally distributed measures. The rate of remission for the various forms of hyperlipidaemia was determined using the Pearson Chi-square test. Correlations between changes in lipid levels and preoperative weight, weight loss at 1 year postoperatively, and TWL% were analysed, and the coefficient of variation was assessed by Pearson correlation if normality was satisfied, and by Spearman correlation if normality was not satisfied. P < 0.05 was considered indicative of statistical significance for the differences.


Results
Basic data about oesophageal cancer patients who also have hyperlipidaemia
Metabolic indices were available for 110 patients (46 females, 64 males) prior to oesophagectomy for esophageal cancer. Table 1 displays the characteristics of the patients. The patients ranged in age from 34 to 81 years, with an average age of 59.06 ± 8.06 years. The preoperative weight was 60.03 ± 10.60 kg, and body mass index was 22.18 ± 3.31 kg/m2. Nineteen patients had a history of alcohol consumption, and twenty-three had a history of smoking. Eight individuals had type 2 diabetes mellitus, twenty-six had hypertension, four had hyperuricaemia, and eight had fatty liver disease in combination. Nine of these patients underwent open heart surgery and 101 underwent minimally invasive surgery. The operation time was 195.9 ± 17.6 min, and the volume of intraoperative blood loss was 189.8 ± 46.7 mL. The total number of patients with of postoperative complications was 28.
Table 1Baseline characteristics of the patients


	Characteristics
	Overall

	Age (years)
	59.06 ± 8.06

	Sex (Male)
	64 (58.2%)

	Weight (kg)
	60.03 ± 10.60

	BMI (kg/m2)
	22.18 ± 3.31

	T stage

	 T0
	5 (4.5%)

	 T1
	19 (17.3%)

	 T2
	37 (33.6%)

	 T3
	47 (42.7%)

	 T4
	2 (1.8%)

	N stage

	 N0
	49 (44.5%)

	 N1
	32 (29.1%)

	 N2
	20 (18.2%)

	 N3
	9 (8.2%)

	Clinical stage

	 Stage I
	20 (18.2%)

	 Stage II
	37 (33.6%)

	 Stage III
	42 (38.2%)

	 Stage IV
	11 (10.0%)

	Smoking
	23 (20.9%)

	Drinking
	19 (17.3%)

	Hypertension
	26 (23.6%)

	Diabetes
	8 (7.3%)

	hyperuricemia
	4 (3.6%)

	Fatty liver
	8 (7.3%)

	Type of surgery

	 Minimally invasive surgery
	101 (91.8%)

	 Open surgical
	9 (8.2%)

	Operation time(min)
	195.9 ± 17.6

	Blood loss(mL)
	189.8 ± 46.7

	Resection type
	18.7 ± 8.3

	 R0
	105(95.5%)

	 R1
	5(4.5%)

	 R2
	0

	Harvested lymph node
	14.78 ± 5.12

	ICU stay (d)
	3.56 ± 1.98

	Hospital stay (d)
	10.3 ± 5.7

	Complication

	 Recurrent laryngeal nerve injury
	6 (5.5%)

	 Anastomotic leakage
	2 (1.8%)

	 Anastomotic stenosis
	4 (3.6%)

	 Postoperative hemorrhage
	2 (1.8%)

	    Chylothorax
	1 (0.9%)

	    Wound infection
	2 (1.8%)

	 Respiratory complication
	2 (1.8%)

	 Cardial complications
	1 (0.9%)

	 Gastric emptying dysfunction
	5 (4.5%)

	 Diaphragmatic hernia
	3 (2.7%)

	Total
	28 (25.5%)


The data are shown as a number (%) or as the mean ± SD
BMI body mass index, kg kilogram




Changes in serological indicators in patients 1 year after oesophagectomy for oesophageal cancer
The results of 13 serologic indices before and 1 year after surgery are shown in Table 2. One year after surgery, the serum TC, TG, LDL, ApoB, TP, ALB, and UA levels were significantly decreased (P < 0.01), the AST, GLU, ALT, and HDL levels were considerably elevated (P < 0.01), apolipoprotein A1 (ApoA1) levels were decreased, and GGT levels were increased. However, these changes were not statistically significant.
Table 2Changes in the serum indices from before to one year after operation


	Parameters
	Pre-operation
	1 year after operation

	TC (mmlo/l)
	6.20(5.60,6.73)
	5.20 (4.78, 5.63)*

	TG (mmol/l)
	1.40(1.00,2.40)
	1.20(0.90,1.60)*

	HDL(mmol/l)
	1.20(0.98,1.40)
	1.40(1.20,1.60)*

	LDL (mmol/l)
	4.50(3.90,4.90)
	3.30(2.88,3.80)*

	ApoA1(mmol/l)
	1.10(1.00,1.30)
	1.20(1.00,1.40)

	ApoB(mmol/l)
	1.30(1.20,1.50)
	1.00(0.90,1.23)*

	GLU(mmol/l)
	5.20(4.90,5.90)
	6.40(5.00,8.13)*

	TP(g/l)
	72.70(69.58,74.95)
	69.80(65.20,73.73)*

	ALB(g/l)
	44.05(40.75,46.08)
	42.30(38.68,44.63)*

	UA(μmol/l)
	349.65(299.1,410.35)
	323.45(256.35,368.90)*

	ALT(U/l)
	15.55(12.08,23.15)
	26.25(13,38,46.33)*

	AST(U/l)
	17.70(14.50,22.05)
	22.90(15.58,34.53)*

	GGT(U/l)
	27.10(19.00,42.10)
	33.30(16.68,55.13)


The data are presented as the median (IQR); IQR interquartile range
*P < 0.01




Alterations in lipid levels among patients following oesophagectomy for oesophageal cancer
One week after surgery, the TC levels considerably decreased from their preoperative values (6.20 mmol/L vs. 4.25 mmol/L, P < 0.001), then slowly increased over time and rose to a maximum at 6 months postoperatively but were still lower than the preoperative levels (6.20 mmol/L vs. 5.30 mmol/L, P < 0.001). Between one year and six months following surgery, there was no discernible change in total cholesterol levels (Fig. 1A). TG levels decreased significantly at 1 week postsurgery (1.40 mmol/L vs. 1.25 mmol/L, P < 0.01), but there was a short-term increase at one month postsurgery, followed by a gradual decrease, after which TG levels were significantly lower than the preoperative level at one year postsurgery (1.40 mmol/L vs. 1.20 mmol/L, P < 0.001, Fig. 1B). Serum HDL levels decreased significantly from 1.20 mmol/L to 0.90 mmol/L at 1 week postsurgery (P < 0.001), increased gradually over time and were significantly greater than the preoperative levels at 1 year postsurgery (P < 0.001, Fig. 1C). LDL levels decreased significantly at 1 week postoperatively (4.50 mmol/L vs. 2.65 mmol/L, P < 0.001) and then gradually increased to the highest level at 6 months postoperatively, which was significantly different from the preoperative level (4.50 mmol/L vs. 3.50 mmol/L, P < 0.001) subsequently, the difference observed at one year and six months following surgery was not statistically significant (Fig. 1D).[image: ]
Fig. 1Follow-up of TC, TG, HDL, and LDL in hyperlipidaemic patients. A TG; B TC; C HDL; D LDL. Comparison of two groups, ***P < 0.001; **P < 0.01; *P < 0.05. pre, preoperative; post, post-operative; 1M, one month following the procedure; 3M, three months following the procedure; 6M, six months following the procedure; 1Y, one year following the procedure


The non-HDL level was 4.90 mmol/L preoperatively and decreased significantly to 3.20 mmol/L one week postoperatively (P < 0.001) it gradually increased at 1 month postoperatively and reached the highest level at 6 months postoperatively, which was significantly different from the preoperative level (4.90 mmol/L vs. 3.95 mmol/L, P < 0.001, Fig. 2A). The postoperative TC/HDL ratio continued to decrease, with no statistically significant difference between the preoperative levels one week and one month after surgery; three months after the operation, the ratio of total cholesterol to HDL cholesterol was substantially lower than the preoperative levels (5.43 vs. 4.28, P < 0.001) and then gradually declined over time, but there there was no noticeable difference from 3 months postoperatively (Fig. 2B). TG/HDL was elevated for a short period of time, 1 week postoperatively, and then 1 month postoperatively but was not significantly different from the preoperative comparison; moreover, TG/HDL was significantly lower than the preoperative level at 3 months postoperatively (1.74 vs. 1.16, P < 0.001) and was not significantly different over time (Fig. 2C). LDL/HDL showed a continuous decreasing trend and decreased to the lowest level at 1 year postoperatively, which was significantly different from the preoperative level (3.85 vs. 2.50, P < 0.001 Fig. 2D).[image: ]
Fig. 2Follow-up of non-HDL, TC/HDL, TG/HDL, and LDL/HDL in hyperlipidaemic patients. A non-HDL; B TC/HDL; C TG/HDL; D LDL/HDL. Comparison of two groups, ***P < 0.001; **P < 0.01; *P < 0.05. Pre, preoperativ; post, postoperative; 1M, one month following the procedure; 3M, three months following the procedure; 6M, six months following the procedure; 1Y:one year following the procedure



Remission of patients with different types of hyperlipidaemia 1 year after surgery
Based on the preoperative lipid levels, 110 patients were categorized into the hypercholesterolemia group (n = 70), the high triglyceride group (n = 12), and the mixed hyperlipidaemia group (n = 28) according to the clinical classification of China's Guidelines for Adult Dyslipidaemia Prevention and Management (Revised Edition 2016). The remission rates varied by a significant margin among the three groups (P < 0.01). The remission rate in the high-cholesterol group (60.0%) was greater than that in the high-triglyceride group (16.2%), and the remission rate in the mixed-hyperlipidaemia group (60.9%) was greater than that in the group with high triglycerides (16.2%). All of these findings were extremely noteworthy (P < 0.05), and no extremely noteworthy variation was detected in the remission rate between the high-cholesterol group and the mixed-hyperlipidaemia group (P > 0.016667).

The relationship between lipid changes and weight changes 1 year after surgery
We investigated the correlation between changes in lipid levels and preoperative weight, weight loss, and TWL% (Table 3). Changes in cholesterol 1 year after surgery were found to be positively correlated with preoperative body weight (r = 0.315, P < 0.05) and adversely connected with weight loss (r = 0.216, P < 0.05); changes in triglycerides 1 year after surgery were negatively correlated with preoperative body weight and TWL% (r = 0.295, 0.246, P < 0.05) and favourably related to weight loss (r = 0.320, P < 0.05); changes in LDL at 1 year postoperatively were favourably connected with the weight before surgery and TWL% (r = 0.251, 0.186, P < 0.05) and inversely connected with weight loss (r = 0.207, P < 0.05); changes in non-HDL were favourably connected with preoperative weight (r = 0.300, P < 0.05); and changes in TG/HDL were negatively correlated with TWL% (r = 0.424, 0.251,P < 0.05).
Table 3Variations in lipid levels and preparation weight, weight loss, and TWL% one year following surgery are correlated


	Lipid parameters
	Pre-op weight
	Weight loss
	TWL%

	r
	P
	r
	P
	r
	P

	TC (mmol/l)
	0.315
	0.001*
	-0.216
	0.024*
	0.157
	0.102

	TG (mmol/l)
	-0.295
	0.002*
	0.320
	0.001*
	-0.246
	0.010*

	HDL(mmol/l)
	0.092
	0.340
	0.067
	0.489
	-0.088
	0.362

	LDL (mmol/l)
	0.251
	0.008*
	-0.207
	0.030*
	0.186
	0.052

	Non-HDL(mmol/l)
	0.300
	0.001*
	-0.231
	0.015*
	0.178
	0.063

	TC/HDL
	0.037
	0.703
	-0.127
	0.186
	0.121
	0.210

	TG/HDL
	-0.424
	0.000*
	0.346
	0.000*
	-0.251
	0.008*

	LDL/HDL
	0.071
	0.458
	-0.124
	0.195
	0.119
	0.214


TWL% Total weight loss percentage
*P < 0.05





Discussion
This retrospective investigation included 110 patients who were diagnosed with oesophageal cancer coupled with hyperlipidaemia and who underwent oesophagectomy for the management of their oesophageal malignancy. The analysis conducted in the study highlighted a significant improvement in lipid profiles following oesophagectomy that could help reduce the risk of cardiovascular diseases. Variations in the extent of improvement were observed among different subtypes of hyperlipidaemia, with mixed hyperlipidaemia exhibiting the most pronounced remission rate. Further scrutiny revealed a discernible correlation between alterations in lipid parameters and weight reduction.
The beneficial influence of bariatric surgery on lipid homeostasis has been substantiated by a wealth of literature. Recent investigations have demonstrated that bariatric procedures substantially ameliorate lipid profiles, manifesting as a cardio-protective synergy involving reductions in TC, LDL, TG, and elevated HDL [15]. In concordance, a comprehensive review revealed that one year postbariatric surgery, patients exhibit reduced LDL and TG levels, elevated HDL levels, diminished left ventricular dimensions and mass, and heightened ejection fractions [16]. Kjellmo CA et al. reported that bariatric surgery elicited a favourable modulation of lipoprotein profiles among morbidly obese individuals, characterized by lowered LDL and apoB levels, an attenuated SAA/PON1 ratio, and augmented HDL concentrations. Nevertheless, this intervention did not affect cholesterol efflux capacity [17]. Moreover, retrospective inquiries have alluded to a diminished cardiovascular disease risk among individuals undergoing laparoscopic sleeve gastrectomy, manifesting as a substantial 12.7% increase in HDL levels and a 22.9% decrease in TG levels [18]. Correspondingly, the findings in the study are consistent with these observations. In an investigation involving 110 patients with oesophageal cancer and hyperlipidaemia who underwent oesophagectomy, a notable 16.7% increase in HDL levels was observed one year postprocedure. Conversely, TG, LDL, and non-HDL levels decreased by 14.3%, 26.7%, and 23.2%, respectively. In summary, both oesophagectomy and bariatric surgery have demonstrated lipid ameliorative effects.
To discern a rationale for the improvements in lipid profiles, it is pertinent to note that plasma gastrin levels exhibit a noteworthy reduction subsequent to laparoscopic sleeve gastrectomy. This reduction correlates with a diminished appetite and decelerated gastric emptying, subsequently fostering effective weight loss during the postoperative period [19]. These mechanisms may underpin the observed alterations in HDL and TG levels during the postoperative phase. Notably, parallels exist between the surgical manoeuvres employed in oesophageal cancer resection and sleeve gastrectomy. Several studies have elucidated the utility of the tube stomach technique in oesophagectomy for oesophageal cancer. Some scholars posit that the diameter of the tube stomach closely approximates that of the oesophagus. This physiological feature reduces the food retention time within the thoracic stomach, bolstering peristaltic activity and preventing thoracic-gastric syndrome attributed to gastric retention. Moreover, partial gastric tissue resection during these surgeries curtails gastric acid secretion, consequently preventing postoperative reflux oesophagitis. Furthermore, the tube stomach technique has been shown to effectively diminish the incidence of postoperative respiratory and circulatory complications [20]. This finding emphasizes that both oesophagectomy and sleeve gastrectomy entail partial gastric tissue removal, which results in a reduction in gastric volume. This, in turn, diminishes gastric lipase secretion as well as the release of cholecystokinin, a hormone known to stimulate the secretion of digestive enzymes such as lipases and proteases. These cumulative effects culminate in a marked reduction in triglyceride hydrolysis and attenuated absorption of free fatty acids, thereby enhancing overall blood lipid profiles [21]. However, despite the commonality of i lipid level reductions following these procedures, the magnitude of reduction may vary contingent on the location and extent of gastric tissue resection. Notably, during sleeve gastrectomy, a substantial section of the fundus—the main location of gastrin secretion—and the stomach's larger curvature are removed [22]. Gastrin has been implicated in stimulating appetite, augmenting gastric motility, promoting growth hormone secretion, and inhibiting fat utilization. The removal of the fundus of the stomach also perturbs the release of intestinal hormones, including gastrin [23]. Conversely, oesophageal carcinoma resection targets a segment of the lesser curvature of the stomach, exerting a comparatively milder influence on intestinal hormones, consequently resulting in a lesser reduction in blood lipid levels.
In the dynamic analysis of lipid fluctuations among patients with oesophageal cancer and concurrent hyperlipidaemia at the one-year postoperative mark, a significant reduction in all lipid parameters was observed within the initial week following oesophageal cancer resection. This intriguing phenomenon can be attributed, in part, to the dietary shifts enforced during the postoperative period. Notably, at the institution, patients diagnosed with oesophageal cancer typically adhere to a regimen of fasting with water intake for approximately 5–7 days following surgery. Only after confirmation of the absence of critical complications, such as anastomotic fistula, are pacients permitted to initiate oral intake. In the initial phases of dietary reintroduction, most patients primarily adhere to a liquid diet. Furthermore, Jahansouz et al. reported that acute changes in the expression and activity of peroxisome proliferator-activated receptor delta (PPARδ) and gamma (PPARγ) in subcutaneous adipose tissue are caused by bariatric surgery. These changes correlate with a reduction in lipid storage, an increase in lipolysis, and an increase in lipid oxidation [24]. Correspondingly, the study revealed a transient decrease in serum TC and LDL levels in patients following oesophageal cancer resection. This could be linked to a similar mechanism.
In addition to dietary influences and the metabolic consequences of surgery, it is pertinent to consider the role of the surgical stress response. Surgical stimuli have been associated with increased cortisol and growth hormone release through the hypothalamic-pituitary axis, which, in turn, fosters lipolysis [25]. As time progresses, the effects of these factors on lipid profiles gradually wane or diminish, resulting in a gradual increase in lipid levels beginning one month postoperatively. Notably, TC and LDL levels peak at the six-month postoperative follow-up, albeit remaining significantly lower than the preoperative levels. Conversely, HDL levels reach their zenith at the one-year postoperative milestone, significantly surpassing preoperative levels. Intriguingly, there were no significant differences in TG levels between the first week and subsequent postoperative periods.
This finding is in contrast to that of a study by Magdalena Vila et al., who examined the lipid profiles of patients after pancreaticobiliary bypass. Their findings indicated a significant decrease in TC levels postsurgery, with a nadir being reached at one year postsurgery, followed by a gradual increase. Conversely, TG levels exhibited an increase from one month postoperatively to six months postoperatively, followed by a decrease, with a substantial decrease observed at one year postoperatively. HDL decreased at three months postsurgery, followed by a significant increase at the six months and one year postsurgery. LDL levels continued to decrease postoperatively, with the most pronounced reduction occurring at three months postoperatively. Discrepancies with the study's findings could be attributed to variances in the timing of follow-up assessments, with Magdalena Vila et al. commencing their postoperative evaluation at three months as opposed to the assessment at one week postoperatively in this study.
Numerous scholars have investigated the correlation between postoperative lipid alterations and weight loss after bariatric surgery. Dattilo AM et al. have posited that weight loss is closely linked with noteworthy reductions in TC (r = 0.32), LDL (r = 0.29), very-low-density lipoprotein (r = 0.38), and TG (r = 0.32) [26]. Researchers Aucott L et al. established a linear association, showing that cholesterol decreases by 1.3% and triglycerides decreased by 1.6% for each kilogram of weight reduction [27]. Regrettably, pertinent studies exploring the interface between lipid alterations and weight loss following oesophageal cancer resection are lacking. In this investigation, an attempt was made to bridge this knowledge gap by analysing the correlation of lipid fluctuations with changes in weight among patients who underwent oesophagectomy for oesophageal cancer. This findings revealed that alterations in TC, LDL, and non-HDL levels at one-year postoperative juncture were positively correlated with preoperative body weight and a negatively correlated with one-year postoperative weight loss. Conversely, TG fluctuations exhibited an inverse relationship with preoperative body weight and TWL% and a positive correlation with one-year postoperative weight loss. Similarly, regression analysis by L. N. Zhang et al. revealed a positive correlation between body weight changes and alterations in TC, LDL, and TG, along with a negative correlation with HDL fluctuations. Their findings implied that irrespective of baseline weight, weight loss confers benefits in terms of improving blood pressure, glucose profiles, and lipid parameters among middle-aged and older adults [28]. Furthermore,according to Busetto L et al., in morbidly obese people, slight weight loss—roughly 10–20% of starting body weight—has the greatest effect on lipid profiles [29]. This finding substantiates the close association between weight loss and lipid improvements. The underlying rationale for this association may be attributed to heightened utilization of lipid reserves within adipose tissue that involves fat consumption for energy and consequently reduction of blood lipid levels. Notably, this study further revealed that changes in the TG/HDL ratio were negatively correlated with preoperative body weight and TWL% but positively correlated with one-year postoperative weight loss. A possible early indicator of insulin resistance is the TG/HDL ratio. Recent investigations have suggested that caloric restriction prompts hepatic fat depletion within one week, subsequently enhancing hepatic insulin sensitivity and clearance, irrespective of whether metabolic surgery is performed [30, 31].
Following oesophagectomy, patients may encounter unintended reductions in weight and gastrointestinal complaints linked to inadequate nourishment and impaired functional recovery, even in the absence of long-term recurrence [32]. Furthermore, malnourished patients may develop sarcopenia and osteoporosis alongside weight loss [33]. The multifactorial causes of weight loss include tumour-related symptoms (e.g., dysphagia), metabolic abnormalities, treatment-related toxicity, and muscle atrophy due to patient inactivity [34]. Studies by Scarpa et al. and Wu et al. have demonstrated the enhancement of postoperative nutritional profiles, including loss of appetite and body mass index, through minimally invasive oesophagectomy [35, 36]. Postesophagectomy enteral nutrition commonly involves the use of a jejunostomy tube. Adequate nutritional support is essential for in preventing malnutrition in oesophagectomy patients, and enteral nutrition rich in eicosapentaenoic acid (EPA) has been shown to preserve lean body mass postesophagectomy [37]. Additionally, a study reported that an enteral diet rich in ω-3 fatty acids improved oxygenation post-thoracic oesophagectomy [38]. A walking-feeding intervention for patients with newly diagnosed locally advanced oesophageal cancer during neoadjuvant chemoradiation therapy initiation and completion effectively maintained patients' functional walking ability and nutritional status [39]. Nutritional interventions primarily focus on providing adequate calories and nutrients through additional supplements or educating patients to opt for a protein- and calorie-rich diet [40, 41]. Long-acting octreotide has been utilized for decades to reduce postprandial symptoms and induce weight gain in various clinical scenarios related to reducing body weight [42]. Surgical growth inhibitor analogues have also been employed to alleviate postprandial symptoms and may have a favourable impact on nutrition, improving the recovery of weight loss following surgery [43].
There are a few noteworthy strengths in this study. First, the study focused on patients with oesophageal cancer combined with hyperlipidaemia, a subject which has reveived less attention in existing scientific research. By studying the relationship between preoperative combined hyperlipidaemia and postoperative metabolic function, preoperative management and postoperative rehabilitation can be improved. Second, the comparison of lipid changes at different postoperative time points enhances the comprehensiveness of the findings and provides valuable insights into the dynamics of lipid parameters, contributing to a deeper understanding of the long-term effects of oesophageal cancer resection on lipids. In addition, the results of this study are not only applicable to patients with oesophageal cancer, but also might additionally serve as a resource for the management of allied illnesses. This study has certain limitations. First, 110 patients from a single medical facility constituted a numerically unremarkable but eligible sample used in the study's retrospective review. It is possible that some patients did not strictly follow the requirement of fasting for 10–12 h prior to the examination, possibly leading to bias and limited the generalizability of the results to the larger group of patients with combined hyperlipidaemia undergoing oesophagectomy for oesophageal cancer. Therefore, a large sample, multicentre study is necessary to validate the results. Second, this study had a limited follow-up period, and a longer-term assessment of metabolic markers and general health would help to provide a more thorough grasp of the effects of oesophageal cancer surgery on patients with hyperlipidaemia. Third, this study focused on metabolic changes after surgery and did not delve into specific dietary and lifestyle measures that affect patients' metabolic markers after surgery. Future studies could take specific nutritional and exercise interventions into account to explore their potential impact on patients' postoperative metabolic health.

Conclusions
In conclusion, this research endeavours were directed towards scrutinizing the impact of oesophageal cancer resection on blood lipid profiles. By systematically analysing and contrasting serological parameters in patients with oesophageal cancer and concurrent hyperlipidaemia before and after surgical intervention, researchers have gained valuable insights into this interplay. As such, researchers have posited that oesophageal cancer resection may exert a certain degree of efficacy in ameliorating hyperlipidaemia, thereby potentially reducing the risk of atherosclerotic cardiovascular disease in affected individuals. Confirmation of this effect could provide clinicians with better postoperative management strategies to enhance patients' standard of living and long-term survival. Nonetheless, it is imperative to approach these findings with a degree of circumspection, given the study's limitations, and advocate for further high-quality, long-term investigations to corroborate and extend the understanding of this complex relationship.

Acknowledgements
Not applicable

Authors’ contributions
YJR and LYX: Concept, design, and statistical analysis, drafting of the manuscript and supervised the study. HJL, LJB, CXR and XWX: Data collection and manuscript drafting. YW: Concept, design and manuscript drafting. All authors have read and approved the manuscript.

Funding
This study was funded by Postdoctoral Workstation of the 900TH Hospital of Joint Logistics Support Force.

Availability of data and materials
The primary data for this study is available from the corresponding author (Yu Wang) on reasonable request.

Declarations
Ethics approval and consent to participate
All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and national research committee and with the 1964 Helsinki declaration and its later amendments.
The protocol of this study was approved by the Research Ethics Committee of 900th Hospital, Fujian Medical University. Owing to the retrospective nature of the study, a waiver of informed consent was granted.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.


References
	1.
Uhlenhopp DJ, Then EO, Sunkara T, Gaduputi V. Epidemiology of esophageal cancer: update in global trends, etiology and risk factors. Clin J Gastroenterol. 2020;13:1010–21.CrossrefPubMed


	2.
Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. 2018;68:394–424.CrossrefPubMed


	3.
Vinci P, Panizon E, Tosoni LM, Cerrato C, Pellicori F, Mearelli F, et al. Statin-associated myopathy: emphasis on mechanisms and targeted therapy. Int J Mol Sci. 2021;22:11687.CrossrefPubMedPubMedCentral


	4.
Jacobson TA, Ito MK, Maki KC, Orringer CE, Bays HE, Jones PH, et al. National Lipid Association recommendations for patient-centered management of dyslipidemia: part 1 – executive summary. J Clin Lipidol. 2014;8:473–88.CrossrefPubMed


	5.
Vila M, Ruíz O, Belmonte M, Riesco M, Barceló A, Perez G, et al. Changes in lipid profile and insulin resistance in obese patients after Scopinaro biliopancreatic diversion. Obes Surg. 2009;19:299–306.CrossrefPubMed


	6.
Harada K, Rogers JE, Iwatsuki M, Yamashita K, Baba H, Ajani JA. Recent advances in treating oesophageal cancer. F1000Res. 2020;9:1189.Crossref


	7.
Welbourn R, Hollyman M, Kinsman R, Dixon J, Liem R, Ottosson J, et al. Bariatric surgery worldwide: baseline demographic description and one-year outcomes from the fourth IFSO Global Registry Report 2018. Obes Surg. 2018;29:782–95.CrossrefPubMed


	8.
Bjørklund G, Peana M, Pivina L, Dosa A, Aaseth J, Semenova Y, et al. Iron deficiency in obesity and after bariatric surgery. Biomolecules. 2021;11:613.CrossrefPubMedPubMedCentral


	9.
Salminen P, Helmiö M, Ovaska J, Juuti A, Leivonen M, Peromaa-Haavisto P, et al. Effect of laparoscopic sleeve gastrectomy vs laparoscopic Roux-en-Y gastric bypass on weight loss at 5 years among patients with morbid obesity: the SLEEVEPASS randomized clinical trial. JAMA. 2018;319:241–54. Available from: https://​pubmed.​ncbi.​nlm.​nih.​gov/​29340676/​.


	10.
Courcoulas AP, Gallagher JW, Neiberg RH, Eagleton EB, DeLany JP, Lang W, et al. Bariatric surgery vs lifestyle intervention for diabetes treatment: 5-year outcomes from a randomized trial. J Clin Endocrinol Metab. 2020;105:866–76. Available from: https://​www.​ncbi.​nlm.​nih.​gov/​pmc/​articles/​PMC7032894/​. [Cited 2021 Feb 3].


	11.
Al Khalifa K, Al Ansari A, Alsayed AR, Violato C. The impact of sleeve gastrectomy on hyperlipidemia: a systematic review. Journal of Obesity. 2013;2013:1–7.Crossref


	12.
Avery KN, Metcalfe C, Berrisford R, Barham C, Donovan JL, Elliott J, et al. The feasibility of a randomized controlled trial of esophagectomy for esophageal cancer - the ROMIO (Randomized Oesophagectomy: Minimally Invasive or Open) study: protocol for a randomized controlled trial. Trials. 2014;15:200.CrossrefPubMedPubMedCentral


	13.
Puntambekar S, Bharambe S, Pawar S, Chitale M, Panse M. Feasibility of transthoracic esophagectomy with a next-generation surgical robot. Sci Rep. 2022;12:17925.CrossrefPubMedPubMedCentral


	14.
Zhu J, Gao R, Zhao S, Lu G, Zhao D, Li J. Chinese Guidelines for Prevention and Control of Dyslipidaemia in Adults (2016 Revision). Chin Circ J. 2016;31:937–53.


	15.
Milone M, Lupoli R, Maietta P, Di Minno A, Bianco P, Ambrosino P, et al. Lipid profile changes in patients undergoing bariatric surgery: a comparative study between sleeve gastrectomy and mini-gastric bypass. Int J Surg. 2015;14:28–32.CrossrefPubMed


	16.
Ammar W, Basset HA, AL Faramawy A, Hegazy T, Sharaf Y. Bariatric surgery and cardiovascular outcome. Egypt Heart J. 2020;72:67.CrossrefPubMedPubMedCentral


	17.
Kjellmo CA, Karlsson H, Nestvold TK, Ljunggren S, Cederbrant K, Marcusson-Ståhl M, et al. Bariatric surgery improves lipoprotein profile in morbidly obese patients by reducing LDL cholesterol, apoB, and SAA/PON1 ratio, increasing HDL cholesterol, but has no effect on cholesterol efflux capacity. J Clin Lipidol. 2018;12:193–202.CrossrefPubMed


	18.
Zhang F, Strain GW, Lei W, Dakin GF, Gagner M, Pomp A. Changes in lipid profiles in morbidly obese patients after Laparoscopic Sleeve Gastrectomy (LSG). Obes Surg. 2010;21:305–9.Crossref


	19.
Sethi P, Thillai M, Nain PS, Ahuja A, Aulakh N, Khurana P. Role of hunger hormone “Ghrelin” in long-term weight loss following laparoscopic sleeve gastrectomy. Niger J Surg. 2018;24:121–4.CrossrefPubMedPubMedCentral


	20.
Shu Y, Sun C, Shi W, Shi H, Lu S, Wang K. Tubular stomach or whole stomach for esophagectomy through cervico-thoraco-abdominal approach: a comparative clinical study on anastomotic leakage. Ir J Med Sci(1971). 2013;182:477–80.Crossref


	21.
Bays HE. Current and investigational antiobesity agents and obesity therapeutic treatment targets. Obes Res. 2004;12:1197–211.CrossrefPubMed


	22.
Langer FB, Reza Hoda MA, Bohdjalian A, Felberbauer FX, Zacherl J, Wenzl E, et al. Sleeve gastrectomy and gastric banding: effects on plasma ghrelin levels. Obes Surg. 2005;15:1024–9.CrossrefPubMed


	23.
Sharma G, Nain P, Sethi P, Ahuja A, Sharma S. Plasma ghrelin levels after laparoscopic sleeve gastrectomy in obese individuals. Indian J Med Res. 2019;149:544.CrossrefPubMedPubMedCentral


	24.
Jahansouz C, Xu H, Hertzel AV, Kizy S, Steen K, Foncea R, et al. Partitioning of adipose lipid metabolism by altered expression and function of PPAR isoforms after bariatric surgery. Int J Obes. 2017;42:139–46.Crossref


	25.
Finnerty CC, Mabvuure NT, Ali A, Kozar RA, Herndon DN. The surgically induced stress response. J Parenter Enteral Nutr. 2013;37:21S29S.Crossref


	26.
Dattilo AM, Kris-Etherton PM. Effects of weight reduction on blood lipids and lipoproteins: a meta-analysis. Am J Clin Nutr. 1992;56:320–8.CrossrefPubMed


	27.
Aucott L, Gray D, Rothnie H, Thapa M, Waweru C. Effects of lifestyle interventions and long-term weight loss on lipid outcomes - a systematic review. Obes Rev. 2011;12:e412–25.CrossrefPubMed


	28.
Zhang LN, Zheng X, Song L, Li H, Liu BQ, Wu M, et al. Relationship between weight change and the changes in blood pressure, blood glucose and blood lipid profiles in middle-aged and elderly Chinese people: a cohort study. PubMed. 2018;52:915–21.


	29.
Busetto L, Pisent C, Rinaldi D, De Marchi F, Segato G, Lise M, et al. Variation in lipid levels in morbidly obese patients operated with the LAP-BAND® adjustable gastric banding system: effects of different levels of weight loss. Obes Surg. 2000;10:569–77.CrossrefPubMed


	30.
Jackness C, Karmally W, Febres G, Conwell IM, Ahmed L, Bessler M, et al. Very low-calorie diet mimics the early beneficial effect of Roux-en-Y gastric bypass on insulin sensitivity and β-cell function in type 2 diabetic patients. Diabetes. 2013;62:3027–32.CrossrefPubMedPubMedCentral


	31.
Lingvay I, Guth E, Islam A, Livingston E. Rapid improvement in diabetes after gastric bypass surgery. Diabetes Care. 2013;36:2741–7.CrossrefPubMedPubMedCentral


	32.
Elliott JA, Doyle SL, Murphy CF, King S, Guinan EM, Beddy P, et al. Sarcopenia. Ann Surg. 2017;266:822–30.CrossrefPubMed


	33.
Elliott JA, Casey S, Murphy C, Docherty NG, Ravi N, Beddy P, et al. Risk factors for loss of bone mineral density after curative esophagectomy. Arch Osteoporos. 2019;14:6.CrossrefPubMed


	34.
Bischoff SC, Bernal W, Dasarathy S, Merli M, Plank LD, Schütz T, et al. ESPEN practical guideline: clinical nutrition in liver disease. Clin Nutr. 2020;39:3533–62.CrossrefPubMed


	35.
Scarpa M, Cavallin F, Saadeh LM, Pinto E, Alfieri R, Cagol M, et al. Hybrid minimally invasive esophagectomy for cancer: impact on postoperative inflammatory and nutritional status. PubMed. 2015;29:1064–70.


	36.
Wu Z, Wu M, Wang Q, Zhan T, Wang L, Pan S, et al. Home enteral nutrition after minimally invasive esophagectomy can improve quality of life and reduce the risk of malnutrition. PubMed. 2017;27:129–36.


	37.
Matsuda Y, Habu D, Lee S, Kishida S, Osugi H. Enteral diet enriched with ω-3 fatty acid improves oxygenation after thoracic esophagectomy for cancer: a randomized controlled trial. World J Surg. 2017;41:1584–94.CrossrefPubMed


	38.
Ryan AM, Reynolds JV, Healy L, Byrne M, Moore J, Brannelly N, et al. Enteral nutrition enriched with Eicosapentaenoic Acid (EPA) preserves lean body mass following esophageal cancer surgery: results of a double-blinded randomized controlled trial. Ann Surg. 2009;249:355–63.CrossrefPubMed


	39.
Xu YJ, Cheng JCH, Lee JM, Huang PM, Huang GH, Chen CCH. A Walk-and-eat intervention improves outcomes for patients with esophageal cancer undergoing neoadjuvant chemoradiotherapy. Oncologist. 2015;20:1216–22. Available from: https://​academic.​oup.​com/​oncolo/​article/​20/​10/​1216/​6399741. [Cited 2023 Apr 14].


	40.
Mariette C, De Botton M-L, Piessen G. Surgery in esophageal and gastric cancer patients: what is the role for nutrition support in your daily practice? Ann Surg Oncol. 2012;19:2128–34.CrossrefPubMed


	41.
Isenring EA, Bauer JD, Capra S. Nutrition support using the American Dietetic Association medical nutrition therapy protocol for radiation oncology patients improves dietary intake compared with standard practice. J Am Diet Assoc. 2007;107:404–12.CrossrefPubMed


	42.
Geer RJ, Richards WO, O’Dorisio TM, Woltering EO, Williams S, Rice D, et al. Efficacy of octreotide acetate in treatment of severe postgastrectomy dumping syndrome. Ann Surg. 1990;212:678–87.CrossrefPubMedPubMedCentral


	43.
Penning C, Vecht J, Masclee AAM. Efficacy of depot long-acting release octreotide therapy in severe dumping syndrome. Aliment Pharmacol Ther. 2005;22:963–9.CrossrefPubMed




Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		Effect of oesophagectomy on lipid profiles in patients with oesophageal cancer combined with hyperlipidaemia: a retrospective study


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/images/12944_2024_2091_Fig2_HTML.png
Non-HDL

TG/HDL

10

N

Fkk
*k
T
FRF
kK
Ty
KK *
FEE *

)

p;'e pést 1iVI 3iVI 6iVI 1iM

TC/HDL

LDL/HDL

20

15

10

15

10

+

pre post 1M 3M 6M 12M

;L

pre post 1IM 3M 6M 12M





OEBPS/css/envelope.png





OEBPS/images/12944_2024_2091_Fig1_HTML.png
e

10,

FEE
ek %
FFF
ek ok
FEE
FEE
ek ke L2
ek k * XT3

pre post 1M 3M 6M 12M

ek

LS

(T}

TG

pre post 1M 3M 6M 12M

Rk

EZ23

EZ33
FEF
—®Fk
_—

L ok

*EE K £33 -

pre post 1M 3M 6M 12M

pre post 1M 3M 6M 12M





OEBPS/css/sidebar.gif





