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Abstract
Background
Gallstone disease (GSD) is a common and costly biliary disorder. Multiple studies have investigated the associations between blood lipid metabolism and GSD risk; however, the results are inconsistent. This research aimed to comprehensively evaluate the relationships among serum total cholesterol, low-density lipoprotein (LDL) cholesterol, high-density lipoprotein (HDL) cholesterol, triglycerides and GSD risk.

Methods
Firstly, a multi-center cross-sectional study was carried out. Subjects who participated in the health examination in three hospitals between January 2015 and May 2020 were recruited. Multivariable logistic regression was used to investigate blood lipid metabolism associated with GSD risk. Then, a meta-analysis was performed to verify the associations further. Medline and Embase databases were systematically searched before June 10, 2021. The DerSimonian and Laird random-effect model was utilized when the heterogeneity was high; otherwise, fixed-effect model was adopted.

Results
There were 548,934 eligible participants included in the multi-center study, and 45,392 of them were diagnosed with GSD. The results demonstrated that total cholesterol and HDL cholesterol were negatively associated with GSD risk in both high vs. low model and per mmol/L increase model, while triglyceride was positively associated with GSD risk in the per unit increase model. In the meta-analysis, 104 studies with approximately 3 million participants were finally included. The results verified that HDL cholesterol [odds ratio (OR) = 0.636, P = 5.97 × 10− 16 in high vs low model; OR = 0.974, P = 6.07 × 10− 05 in per unit model] and triglyceride (OR = 1.192, P = 3.47 × 10− 05 in high vs. low model; OR = 1.011, P = 5.12 × 10− 05 in per unit model) were related to GSD risk in the two models.

Conclusions
The findings indicated that low HDL cholesterol levels and high triglyceride levels were risk factors for GSD. This study provides a basis for identifying the population at high risk for GSD and implementing tertiary prevention strategies for GSD, thus contributing to GSD prevention as well as disease burden relief.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s12944-022-01635-9.
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Background
Gallstone disease (GSD) is one of the most common biliary diseases, afflicting about 10–20% of the population in European countries [1] and 5–8% in Asian countries [2]. Most GSD patients are asymptomatic, and approximately 20% of them develop abdominal pain and other biliary complications during their lifetime, which require surgical treatment [3]. In the United States, over 700,000 cholecystectomies are performed annually, costing more than 6 billion dollars [1]. Besides, gallstone is a high-risk factor for a wide array of diseases, including biliary tract cancer [4], colorectal cancer [5], cardiovascular diseases [6], and even mortality [7], posing substantial healthcare and economic burden on nations. Therefore, clarifying the pathogenesis and risk factors for GSD is essential to provide prophylactic strategies for the prevention of GSD.
Most gallstones are composed of cholesterol, and hence the role of cholesterol metabolism in the mechanism of gallstone formation has long been a research focus in the etiology of GSD. Several studies have evaluated the relationship between serum lipids levels and GSD risk [2, 8]. However, there is a considerable discrepancy among the findings due to the differences in the study design, sample size, subjects’ ethnicity and definition of dyslipidemia, thus limiting the strength and application of these pieces of evidence.
In this research, a multi-center cross-sectional study in China was firstly conducted to estimate the associations between serum lipids [e.g., total cholesterol (TC), high-density lipoprotein (HDL) cholesterol, low-density lipoprotein (LDL) cholesterol and triglyceride] and GSD risk. Additionally, meta-analysis was conducted to further verify these associations.
Methods
This cross-sectional study was performed in compliance with the guidelines of the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement [9].
Study population
Participants in this multi-center cross-sectional study were recruited from the physical examination centers between January 2015 and May 2020 in three hospitals in China. The three hospitals are the First Affiliated Hospital of Chongqing Medical University Jinshan Hospital, the People’s Hospital of Kaizhou District in Chongqing city, and Tianjin Medical University Cancer Institute and Hospital. The participants who met the following criteria were recruited: (i) underwent ultrasonography examination; (ii) had complete demographic, anthropometric and biochemical indexes, including age, gender, height, weight, waist circumference, blood glucose, diastolic/systolic blood pressure (DBP/SBP), and indicators for liver function and kidney function. If the subject participated in multiple health examinations, the latest data were selected. This research was approved by the ethics committee of West China Fourth Hospital and West China School of Public Health, Sichuan University (Gwll2021055), and was conducted according to the ethical guidelines of the 1964 Declaration of Helsinki and its later amendments.
Laboratory examinations
The fasting blood samples were collected from the subjects, and then measured in laboratories within one hour. The biochemical analyzers were utilized to estimate the serum concentrations of HDL cholesterol, LDL cholesterol, TC, triglyceride, fasting blood glucose (FBG), total bilirubin (T-bil), alanine transaminase (ALT), aspartate transaminase (AST), creatinine (Cr), uric acid (UA), and urea nitrogen (UN). All biochemical indexes were measured by following the international standard protocol independently in each hospital.
Definitions
Ultrasonography was performed by experienced radiologists. The diagnosis of GSD was based on one of the following two criteria or both: (i) one or more hyperechoic structures in the gallbladder or biliary system, which were acoustic shadowing or gravity-dependent; (ii) no sight of the gallbladder in patients who underwent cholecystectomy due to gallstones. In this cross-sectional study, the lipid markers were classified into three groups according to the Chinese adult dyslipidemia prevention guide (2017 edition), TC (mmol/L): > 5.7, 3.1–5.7, and < 3.1; triglycerides (mmol/L): > 1.7, 0.4–1.7, and < 0.4; LDL cholesterol (mmol/L): > 3.1, 2.07–3.1, and < 2.07; and HDL cholesterol (mmol/L): > 2.0, 0.9–2.0, and < 0.9.
Meta-analysis
The current meta-analysis was conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement [10] and the Meta-Analysis of Observational Studies in Epidemiology (MOOSE) guidelines [11]. This meta-analysis has been registered to the International Prospective Register of Systematic Reviews (PROSPERO; registration ID: CRD42020218747).
In this meta-analysis, two corresponding authors (X.S. and X.W.) developed the search strategy, inclusion criteria, and exclusion criteria. Two authors (M.Z. and M.M.) independently conducted literature searching, article selection, data extraction, and quality evaluation. All inconsistent data were discussed and resolved by the corresponding authors. The PubMed and Embase databases were searched to screen the relevant researches published in English before June 10, 2021. The exact keywords are listed in Additional file 1.
Publications were eligible to be included if: (i) they were observational studies conducted in humans, including cross-sectional, case-control, and cohort studies; (ii) the primary outcomes were risk of GSD and/or mean difference in lipid levels between GSD patients and healthy individuals; (iii) they directly provided risk estimates such as hazard ratio (HR), relative risk (RR) and odds ratio (OR) with 95% confidence intervals (CIs), coefficient β and standard error (SE), or provided enough data to calculate these risk estimates; or (iv) they provided mean and standard deviation (SD) in both cases and controls. When the same population was used in multiple research papers, the most recent study or the one with the largest sample size were selected. Irrelevant studies and relevant literature reviews with insufficient data were excluded.
Data were extracted from a predesigned sheet containing the PubMed Unique Identifier (PMID), first author, publishing year, exposure factor, source of population, geographic background, study period, study design, sample size of cases and controls, matched information, number of male and female participants, effects of associations and the corresponding 95%CIs, coefficient β, SE or P-value (for studies using multiple adjusted models, the most fully adjusted estimates were extracted), and mean levels of lipids and SD in GSD and non-GSD groups.
Risk of bias and quality assessment were conducted for the included cohort and case-control studies by the Newcastle-Ottawa scale (NOS), and the Agency for Healthcare Research and Quality (AHRQ) for cross-sectional studies as suggested [12, 13]. NOS estimates study quality based on three criteria (the comparability of the groups; selection of the study groups; and ascertainment of outcomes of interest) with a full score of nine. It is assigned as high quality if a study obtains more than six scores, moderate quality if obtains 46 scores, and low quality if obtains less than four scores. AHRQ estimates study quality based on 11 items with a total of 11 scores. Each item answered with “yes” (one score), “no” or “not reported” (zero score). A study is assigned as high, moderate or low quality when it gets eight-11, four-seven or less than four scores, respectively.
Statistical analysis
All statistical analyses in the cross-sectional study were performed with SPSS software, version 19 (IBM, USA). The continuous variable was presented as mean ± SD, and Student’s t-test was utilized to evaluate the difference between GSD group and non-GSD group. The categorical variable was expressed as number and percentage, and was compared by the Chi-square test. Multivariate logistic regression models were applied to evaluate the associations between serum lipids profile and GSD risk in each hospital. The effects of higher levels and each mmol/L increase in blood lipid levels on GSD were assessed. Finally, the results of the associations between serum lipid levels and GSD risk from the three hospitals were pooled. Subgroup analyses were conducted based on the subtype of GSD, age, and gender.
The STATA software (version 15, Stata, College Station, USA) was utilized for meta-analyses. Cochran’s Q test was performed to examine the heterogeneity between publications, and the I2 statistic was applied for quantification of heterogeneity. DerSimonian and Laird random-effect model was utilized when the heterogeneity was evident (I2 ≥ 50%); otherwise, fixed-effect model was adopted. For the included studies that provide the mean levels of blood lipids and SD, meta-analysis for continuous variables was conducted to obtain standard mean difference (SMD). For the studies that provide the estimates of lipid levels on GSD with OR/HR/RR and 95%CI, meta-analyses were performed on the effects of higher lipid levels or each increasing unit of blood lipid levels on GSD to obtain the pooled ORs and 95%CI. Next, a dose-response meta-analysis was conducted by robust error meta-regression (REMR) model using valid data [14, 15]. Three random knots were set based on the dose distribution’s quartiles. Studies with at least two categories of blood concentration were included. When the median concentrations of blood lipids were unavailable, the midpoint levels were used. Subgroup analyses were conducted based on geographic background, gender, study design, and quality grade. Meta-regression was also used to trace the source of heterogeneities. In addition, funnel plot and Begg’s test were performed to examined potential publication bias, while Egger’s test was used to explore small-study bias. Sensitivity analysis was conducted to verify the stability of the associations. Tests of heterogeneity and bias were one-tailed and P-value< 0.10 was deemed significant as recommended. The significance level of a two-tailed test was set at P-value less than 0.05.
Results
Baseline characteristics of the recruited subjects
Overall, 45,392 GSD cases and 503,542 controls were recruited from three hospitals in this multi-center cross-sectional study. The clinical, anthropometric characteristics and laboratory test results of the subjects are presented in Table 1. In the First Affiliated Hospital of Chongqing Medical University Jinshan Hospital, 170,038 subjects were enrolled and 12,518 (7.36%) of them had GSD. In the People’s Hospital of Kaizhou, a total of 372,289 subjects were recruited. GSD was found in 32,367 (8.69%) individuals. In Tianjin Medical University Cancer Institute and Hospital, 10,940 subjects were recruited, and 507 (4.63%) were diagnosed with GSD. The mean concentrations of TC, triglyceride, LDL cholesterol were remarkably higher in GSD cases, whereas HDL cholesterol was lower than in healthy controls. Compared to non-GSD group, GSD group also had significantly higher mean age and higher levels of FBG, SBP, DBP, AST, UN, and Cr. The prevalence rates of fatty liver disease, kidney stones, and hypertension in cases were higher than those in controls (all P < 0.05).
Table 1Baseline characteristics of recruited subjects in each hospital according to gallstone disease status


	 	First Affiliated Hospital of Chongqing Medical University Jinshan Hospital
(n = 170,038)
	The People’s Hospital of Kaizhou District of Chongqing (n = 372,289)
	Tianjin Medical University Cancer Institute and Hospital (n = 10,940)

	GSD
(n = 12,518)
	Non-GSD
(n = 157,520)
	Statistic
	GSD
(n = 32,367)
	Non-GSD
(n = 339,922)
	Statistic
	GSD
(n = 507)
	Non-GSD
(n = 10,433)
	Statistic

	Age (year)
	51.70 ± 13.48
	41.00 ± 13.14
	− 87.54**
	52.01 ± 12.34
	43.20 ± 12.96
	− 122.02**
	55.69 ± 13.76
	42.88 ± 13.35
	−21.08**

	BMI (kg/m2)
	24.54 ± 3.40
	23.23 ± 3.43
	−39.28**
	25.18 ± 3.27
	23.85 ± 3.46
	−67.61**
	NA
	 	 
	WC (cm)
	84.43 ± 13.02
	80.44 ± 27.62
	−15.15**
	85.52 ± 9.69
	81.74 ± 10.18
	−64.69**
	NA
	 	 
	DBP (mmHg)
	78.16 ± 12.08
	74.48 ± 11.44
	−31.29**
	79.43 ± 12.69
	76.88 ± 12.24
	−32.48**
	80.60 ± 12.20
	76.49 ± 11.75
	−7.49**

	SBP (mmHg)
	129.86 ± 19.48
	122.75 ± 17.17
	−37.66**
	128.96 ± 19.67
	122.84 ± 17.82
	−50.38**
	139.42 ± 20.81
	127.44 ± 18.91
	−12.40**

	FBG (mmol/L)
	5.81 ± 1.58
	5.39 ± 1.11
	−29.20**
	5.99 ± 1.75
	5.54 ± 1.27
	−44.24**
	6.37 ± 1.98
	5.63 ± 1.15
	−8.24**

	AST (U/L)
	23.91 ± 18.78
	23.12 ± 15.02
	−5.43**
	26.63 ± 17.06
	25.87 ± 16.01
	−8.02**
	20.58 ± 14.70
	18.81 ± 8.85
	−2.68*

	ALT (U/L)
	27.93 ± 25.21
	26.63 ± 25.66
	−5.41**
	28.49 ± 26.01
	27.14 ± 24.76
	−9.20**
	31.13 ± 24.61
	26.95 ± 22.47
	−4.05**

	T-bil (umol/L)
	13.89 ± 5.67
	13.65 ± 5.37
	−4.61**
	15.28 ± 6.72
	15.01 ± 5.97
	−4.23**
	16.88 ± 5.60
	17.02 ± 5.55
	0.56

	Cr (umol/L)
	141.17 ± 944.41
	102.29 ± 651.11
	−4.46**
	69.59 ± 19.27
	70.8 ± 18.28
	10.61**
	80.17 ± 10.07
	78.97 ± 11.29
	−2.34*

	UA (umol/L)
	347.66 ± 92.64
	345.08 ± 96.22
	−2.95*
	341.92 ± 88.75
	341.65 ± 91.32
	−0.48
	313.79 ± 79.39
	303.33 ± 82.77
	−2.78*

	UN (mmol/L)
	5.28 ± 1.45
	5.08 ± 1.30
	−15.30**
	5.32 ± 1.47
	5.19 ± 1.42
	−15.30**
	4.63 ± 1.20
	4.41 ± 1.17
	−4.25**

	TC (mmol/L)
	5.02 ± 1.00
	4.88 ± 0.94
	−15.26**
	5.14 ± 1.03
	5.02 ± 0.99
	−20.39**
	5.59 ± 1.04
	5.35 ± 1.01
	−5.22**

	TG (mmol/L)
	1.91 ± 1.84
	1.58 ± 1.43
	−19.63**
	2.01 ± 1.86
	1.71 ± 1.58
	−27.74**
	1.55 ± 0.92
	1.33 ± 0.93
	−5.25**

	LDL-C (mmol/L)
	3.04 ± 0.84
	2.92 ± 0.81
	−15.41**
	2.05 ± 0.62
	1.97 ± 0.63
	−18.69**
	NA
	 	 
	HDL-C (mmol/L)
	1.36 ± 0.33
	1.41 ± 0.34
	15.35**
	1.36 ± 0.37
	1.40 ± 0.37
	17.31**
	NA
	 	 
	Female
	6121 (48.9%)
	70,846 (45.0%)
	71.99**
	18,143 (56.1%)
	155,377 (45.7%)
	1270.80**
	265 (52.3%)
	5861 (56.2%)
	3.00

	FLD
	5162 (41.2%)
	37,795 (24.0%)
	1826.04**
	13,261 (41.0%)
	87,569 (25.8%)
	3457.16**
	274 (54.0%)
	3180 (30.5)
	124.26**

	Kidney stones
	679 (5.4%)
	6279 (4.0%)
	61.10**
	1197 (3.7%)
	10,475 (3.1%)
	36.87**
	22 (4.3%)
	233 (2.3%)
	9.42*

	Hypertension
	4169 (36.9%)
	27,439 (19.6%)
	1906.37**
	9226 (32.7%)
	62,264 (20.8%)
	2130.90**
	246 (50.9%)
	2592 (26.3%)
	139.7**

	Gallstones
	6173 (49.3%)
	–
	 	14,598 (45.1%)
	–
	 	361 (71.2%)
	–
	 
	Cholecystectomy
	6345 (50.7%)
	–
	 	17,769 (54.9%)
	–
	 	146 (28.8%)
	–
	 

Quantitative data are presented as the mean ± SD, and the statistic is Z-value. Qualitative data are presented as N (%), and the statistic is Chi-square. GSD gallstone disease, BMI body mass index, WC waist circumference, DBP diastolic blood pressure, SBP systolic blood pressure, FBG fasting blood glycose, AST aspartate transaminase, ALT alanine transaminase, T-bil total bilirubin, Cr creatinine, UA uric Acid, UN urea nitrogen, TC total cholesterol, TG triglycerides, LDL low density lipoprotein cholesterol, HDL high density lipoprotein cholesterol, FLD Fatty liver disease. *P < 0.05; ** P < 0.001



Multivariate logistic regression analysis of the associations between the concentrations of lipids and GSD risk in the three hospitals
Multivariate logistic regression analysis revealed that the higher levels of HDL cholesterol, LDL cholesterol and TC were negatively related to GSD risk in the two hospitals in Chongqing (Table 2). The higher level of triglyceride was not associated with GSD risk. However, for 1 mmol/L rise in triglyceride level, GSD risk was elevated. In Tianjin Medical University Cancer Institute and Hospital, multivariate analysis indicated GSD risk was not associated with TC and triglyceride. However, the results of subgroup analyses by age, gender, and diagnosis of GSD (Additional files 2, 3, 4) were inconsistent.
Table 2Association between lipid profiles and gallstone disease with multivariate analysis by logistic regression


	 	First Affiliated Hospital of Chongqing Medical University Jinshan Hospital
	The People’s Hospital of Kaizhou District of Chongqing
	Tianjin Medical University Cancer Institute and Hospital
	Pooled

	 	OR (95%CI)
	P
	OR (95%CI)
	P
	OR (95%CI)
	P
	OR (95%CI)
	P

	TC, mmol/L

	  < 3.1
	ref
	 	ref
	 	 	 	ref
	 
	 3.1–5.7
	0.714 (0.599, 0.852)
	< 0.001
	0.857 (0.688, 1.068)
	0.170
	ref
	 	0.767 (0.668, 0.880)
	1.51 × 10− 04

	  > 5.7
	0.670 (0.557, 0.807)
	< 0.001
	0.765 (0.608, 0.964)
	0.023
	0.855 (0.701, 1.043)
	0.122
	0.754 (0.671, 0.848)
	2.25 × 10−06

	TG, mmol/L

	  < 0.4
	ref
	 	ref
	 	 	 	ref
	 
	 0.4–1.7
	0.755 (0.524, 1.088)
	0.132
	1.089 (0.476, 2.493)
	0.840
	ref
	 	0.801 (0.574, 1.119)
	0.194

	  > 1.7
	0.897 (0.621, 1.296)
	0.562
	1.272 (0.555, 2.916)
	0.570
	0.982 (0.784, 1.230)
	0.874
	0.972 (0.806, 1.172)
	0.764

	LDL-C, mmol/L

	  < 2.07
	ref
	 	ref
	 	 	 	ref
	 
	 2.07–3.1
	0.932 (0.867, 1.002)
	0.055
	0.902 (0.849, 0.958)
	0.001
	NA
	 	0.914 (0.873, 0.958)
	1.51 × 10−04

	  > 3.1
	0.882 (0.815, 0.954)
	0.002
	0.905 (0.831, 0.985)
	0.021
	NA
	 	0.893 (0.842, 0.946)
	1.31 × 10−04

	HDL-C, mmol/L

	  < 0.9
	ref
	 	ref
	 	 	 	ref
	 
	 0.9–2.0
	0.906 (0.824, 0.996)
	0.041
	0.915 (0.822, 1.019)
	0.106
	NA
	 	0.910 (0.848, 0.977)
	0.009

	  > 2.0
	0.698 (0.605, 0.804)
	< 0.001
	0.723 (0.623, 0.84)
	< 0.001
	NA
	 	0.710 (0.640, 0.787)
	7.03 × 10−11

	TC, per unit
	0.889 (0.827, 0.955)
	0.001
	0.881 (0.829, 0.937)
	< 0.001
	0.939 (0.853, 1.033)
	0.197
	0.895 (0.858, 0.933)
	1.89 × 10−07

	TG, per unit
	1.054 (1.033, 1.075)
	< 0.001
	1.05 (1.031, 1.07)
	< 0.001
	0.960 (0.862, 1.070)
	0.461
	1.050 (1.036, 1.065)
	8.68 × 10−13

	LDLC, per unit
	1.071 (0.994, 1.153)
	0.071
	1.071 (0.988, 1.161)
	0.094
	NA
	 	1.071 (1.014, 1.131)
	0.014

	HDLC, per unit
	0.832 (0.750, 0.922)
	< 0.001
	0.930 (0.855, 1.012)
	0.091
	NA
	 	0.889 (0.833, 0.949)
	4.32 × 10−04


The ORs were adjusted for age, sex, BMI, fatty liver disease, kidney stone, hypertension, FBG, Cr, UA, UN, T-bil, ALT, AST, and TC, TG, LDL-C, LDL-C. Bold means p < 0.05, TC: total cholesterol, TG triglycerides, LDL-C low density lipoprotein cholesterol, HDL-C high density lipoprotein cholesterol



Then, the results of each hospital were pooled. As shown in Table 2 and Fig. 1, the pooled analyses showed that for one unit raise in TC, the susceptibility of GSD was decreased by 10.5%. Compared to subjects with TC level of < 0.4 mmol/L, the GSD risks of those with TC levels of 3.1–5.7 and > 5.7 mmol/L were decreased by 23.3 and 24.6%, respectively. As to HDL cholesterol, the GSD risk was reduced by 11.1% for 1 mmol/L increase. Compared to the subjects with HDL cholesterol level of < 0.9 mmol/L, the GSD risks of those with HDL cholesterol levels of 0.9–2.0 and > 2.0 mmol/L were decreased by 9.0 and 29.0%, respectively. For LDL cholesterol, compared with the subjects with LDL cholesterol < 2.07 mmol/L, the GSD risk of those with LDL cholesterol levels of 2.07–3.1 and > 3.1 mmol/L were reduced by 8.6 and 10.7%, respectively. However, the results were not consistent with those in the model of each increase mmol/L in LDL cholesterol. The pooled results also demonstrated that, with one unit rise in triglyceride levels, the susceptibility of GSD was elevated by about 1.050 times. However, when considering triglyceride levels as a categorical variable, the GSD risk was not significantly increased when compared with participants with < 0.4 mmol/L.
[image: ]
Fig. 1Pooled analysis of the multivariate logistic regression analysis in the multi-center cross-sectional study. a High-level vs Low-level model. b Per mmol/L increase model


When cholecystectomy and gallstones were analyzed separately, the higher concentrations of TC and LDL cholesterol were negatively related to cholecystectomy, but LDL cholesterol was related to a high susceptibility to gallstones formation. The high level of TC was associated with GSD risk only in the older population when stratified by age. Additionally, a higher level of LDL cholesterol was positively correlated with GSD risk in younger population, while negatively correlated with GSD risk in middle-aged and elderly populations (Fig. 1a). One mmol/L increase in triglyceride was positively associated with GSD risk when stratified by age and gender of the participants, but it was not associated with gallstone risk (Fig. 1b).
Meta-analysis of the associations between blood lipid metabolism and GSD risk
The flowchart of literature selection process is presented in Fig. 2. This meta-analysis finally included 101 studies comprising 206,413 cases and 2,670,803 controls through screening a total of 1728 publications from the Medline and Embase databases. The characteristics of the included publications are shown in Additional files 5, 6. Of these studies, 74 reported the mean difference of blood lipid levels in GSD and non-GSD groups (Additional file 5), 27 reported estimates for an increasing unit in blood lipid levels, and 29 reported estimates for high-level versus low-level blood lipids (Additional file 6). There were 11, 33 and 57 cohort, case-control and cross-sectional studies, respectively. A majority of studies were carried out in Asian countries (n = 57), followed by European countries (n = 21), American countries (n = 18), Oceania country (n = 1), and other countries (n = 4). Among these studies, 41.6% (n = 42) were regarded as high quality and 58.4% (n = 59) were moderate quality according to the statement of NOS and AHRQ (Additional file 7). After adding three cross-sectional studies, 104 articles were finally included for the quantitative meta-analysis.
[image: ]
Fig. 2Flow-chart of the study selection in the present meta-analysis


As shown in Table 3, meta-analyses of previous studies displayed that the mean concentrations of triglycerides and LDL cholesterol were markedly higher in GSD patients than in healthy individuals, but the concentration of HDL cholesterol was significantly lower, which is consistent with the current cross-sectional study. Meta-analyses showed that triglyceride was positively associated with GSD risk (ORs = 1.214 and 1.007 in high vs. low model and per unit model, respectively), while HDL cholesterol was negatively related to GSD risk (ORs = 0.625 and 0.978 in high vs. low model and per unit model, respectively) in the two comparison models. However, both TC nor LDL cholesterol were not significantly correlated with GSD risk.
Table 3Relationship between blood lipid levels and gallstone disease risk in the meta-analysis


	Lipids
	Datasets
	Present cross-sectional study
	Previous studies

	Cases
	Controls
	SMD (95%CI)
	P
	Datasets
	Cases
	Controls
	SMD (95%CI)
	P
	І2

	TC
	3
	45,392
	507,875
	0.148 (0.130, 0.166)
	5.15 × 10−18
	82
	185,077
	2,125,345
	0.031 (−0.017, 0.079)
	0.201
	91.2%

	TG
	3
	45,392
	507,875
	0.209 (0.174, 0.243)
	1.70 × 10−32
	78
	183,975
	2,077,581
	0.390 (0.302, 0.477)
	2.33 × 10− 18
	97.6%

	LDL-C
	2
	44,885
	497,442
	0.136 (0.116, 0.156)
	1.36 × 10−40
	56
	181,859
	2,081,769
	0.070 (0.015, 0.125)
	0.012
	91.8%

	HDL-C
	2
	44,885
	497,442
	−0.127 (−0.166, −0.089)
	9.17 × 10−11
	73
	185,585
	2,124,631
	−0.215 (− 0.271, − 0.160)
	2.54 × 10−14
	94.0%

	 	 	Cases
	Controls
	OR (95%CI)
	P
	Datasets
	Cases
	Controls
	OR (95%CI)
	P
	 
	High vs Low

	 TC
	3
	45,392
	507,875
	0.754 (0.671, 0.848)
	2.25 × 10−06
	31
	181,627
	2,099,042
	1.013 (0.929, 1.104)
	0.768
	72.7%

	 TG
	3
	45,392
	507,875
	0.972 (0.806, 1.172)
	0.764
	34
	186,393
	2,329,707
	1.214 (1.111, 1.326)
	1.71 × 10−05
	77.7%

	 LDL-C
	2
	44,885
	497,442
	0.893 (0.842, 0.946)
	1.13 × 10−04
	19
	176,698
	2,056,688
	1.072 (0.889, 1.292)
	0.702
	91.1%

	 HDL-C
	2
	44,885
	497,442
	0.710 (0.640, 0.787)
	7.03 × 10−11
	28
	184,929
	2,302,029
	0.625 (0.552, 0.708)
	1.58 × 10−13
	85.8%

	Per unit

	 TC
	3
	45,392
	507,875
	0.895 (0.858, 0.933)
	1.89 × 10−07
	19
	5478
	100,853
	0.999 (0.989, 1.010)
	0.873
	 
	 TG
	3
	45,392
	507,875
	1.050 (1.036, 1.065)
	8.68 × 10−13
	25
	6217
	75,537
	1.007 (1.002, 1.012)
	0.010
	91.1%

	 LDL-C
	2
	44,885
	497,442
	1.071 (1.014, 1.131)
	0.014
	15
	5158
	96,975
	0.996 (0.987, 1.006)
	0.487
	 
	 HDL-C
	2
	44,885
	497,442
	0.889 (0.833, 0.949)
	4.32 × 10−04
	25
	8209
	125,966
	0.978 (0.965, 0.990)
	4.32 × 10−04
	75.3%

	Present and previous studies

	 	Datasets
	Cases
	Controls
	SMD (95%CI)
	P
	І2
	Begg-P
	Egger-P
	 	 	 
	TC
	85
	230,469
	2,633,220
	0.040 (0.009, 0.071)
	0.012
	90.9%
	0.144
	0.004
	 	 	 
	TG
	82
	229,367
	2,585,456
	0.302 (0.251, 0.354)
	1.32 × 10−30
	97.7%
	0.012
	0.048
	 	 	 
	LDL-C
	59
	226,744
	2,579,211
	0.059 (0.027, 0.092)
	3.85 × 10−04
	91.6%
	0.024
	0.014
	 	 	 
	HDL-C
	76
	230,470
	2,622,073
	−0.182 (− 0.217, − 0.147)
	3.67 × 10−24
	93.9%
	0.427
	0.133
	 	 	 
	 	Datasets
	Cases
	Controls
	OR (95%CI)
	P
	І2
	Begg-P
	Egger-P
	 	 	 
	High vs Low

	 TC
	34
	227,019
	2,606,917
	0.974 (0.896, 1.059)
	0.539
	76.5%
	0.700
	0.265
	 	 	 
	 TG
	37
	231,785
	2,837,582
	1.192 (1.097, 1.295)
	3.47 × 10−05
	75.8%
	0.381
	0.001
	 	 	 
	 LDL-C
	21
	221,583
	2,554,130
	1.054 (0.912, 1.219)
	0.473
	93.0%
	0.651
	0.749
	 	 	 
	 HDL-C
	30
	229,814
	2,799,471
	0.636 (0.570, 0.710)
	5.97 × 10−16
	85.0%
	0.972
	0.003
	 	 	 
	Per unit

	 TC
	23
	55,203
	685,076
	0.992 (0.981, 1.004)
	0.177
	84.5%
	0.205
	0.034
	 	 	 
	 TG
	28
	51,609
	583,412
	1.011 (1.006, 1.016)
	5.12 × 10−05
	96.0%
	0.621
	0.016
	 	 	 
	 LDL-C
	18
	54,376
	670,765
	0.998 (0.987, 1.008)
	0.641
	82.2%
	0.829
	0.899
	 	 	 
	 HDL-C
	27
	53,094
	623,408
	0.974 (0.961, 0.987)
	6.07 × 10−05
	76.4%
	0.016
	< 0.001
	 	 	 

SMD standard mean difference, TC total cholesterol, TG triglyceride, LDL low density lipoprotein cholesterol, HDL high density lipoprotein cholesterol



After adding the present multi-center study, the pooled results were relatively consistent (Table 3). Subgroup analyses (Additional file 8) also indicated that the associations were generally consistent when stratified by gender, study design, the grade of the quality and geographic background. The heterogeneity was significant in most of the meta-analysis models, and meta-regression showed that the study design, gender, geographic background, and quality of the included studies might be the sources of heterogeneity (Additional file 8). Begg’s test (Table 3) and funnel plot (Additional file 9) showed three associations with potential publication bias (P < 0.10). Egger’s test indicated eight associations with small-study bias (Table 3). However, sensitivity analysis showed that most of the associations did not alter significantly after excluding individual datasets (Additional file 10).
As to the dose-response meta-analysis, a total of 17, 18, 12 and 15 studies reporting on the associations between GSD risk and levels of TC, triglycerides, LDL cholesterol, HDL cholesterol were included, respectively, according to the criteria of the REMR model. The doses ranged from 0 to 15.22, 0 to 4.47, 0 to 7.41, and 0 to 2.85 for TC, triglycerides, LDL cholesterol, and HDL cholesterol, respectively. A linear relationship between HDL cholesterol level and GSD risk (P-value for nonlinearity = 0.1562) was observed (Additional files 11 and 12). In contrast, nonlinear relationships between TC (P-value for nonlinearity = 0.0003), triglycerides (P-value for nonlinearity = 0.0005), LDL cholesterol (P-value for nonlinearity = 0.0021) and GSD risk were detected.
Discussion
This study comprehensively investigated the associations between blood lipid metabolism and GSD risk by combining multi-center cross-sectional research and meta-analysis. The combined results showed triglyceride was positively associated with GSD risk, while HDL cholesterol was negatively related to GSD risk. However, the levels of TC and LDL cholesterol were not remarkably associated with GSD risk.
The exact role of serum lipid levels in GSD remains unclear. The involvement of lipids in some critical lithogenic processes of gallstones might be a possible explanation for their effects on GSD risk. Generally, the mechanisms of cholesterol gallstone formation depend on the cholesterol crystals in bile, which is related to an increasing bile cholesterol saturation index and is negatively correlated to the levels of bile salts. Furthermore, the time of cholesterol crystal nucleation and dysfunction of the gallbladder also affect the formation of gallstones [16].
The present study found that HDL cholesterol was negatively related to GSD risk. This result is in agreement with previous epidemiologic studies [2, 8, 17] reporting on the inverse association between HDL cholesterol and GSD. Evidence has shown that a high level of blood HDL cholesterol can facilitate the synthesis of hepatic bile acid [18] and decrease the cholesterol saturation index [19], which in turn increases cholesterol solubility in the bile [20] and subsequently protects against gallstones formation. Alternatively, it has been reported that HDL cholesterol contributes most of the cholesterol transported into bile [21]. Thus, given the negative correlation between HDL cholesterol and GSD risk observed in this research, it can be inferred that the free cholesterol in HDL is preferentially metabolized to bile acid rather than secreted into the bile as cholesterol.
In contrast to HDL cholesterol, this meta-analysis showed that triglyceride was positively related to GSD susceptibility. This conclusion is consistent with previous cohort studies [8, 22]. However, the mechanisms underlying the increased levels of triglyceride in patients with GSD are not clear. The findings by Cavallini et al. demonstrated that a high level of serum triglyceride was positively related to an increase in cholesterol saturation index [23] and rapid nucleation of cholesterol crystals [18], which were key precursors for gallstone formation.
As for the association between TC, LDL cholesterol and GSD risk, the results from previous researches was quite conflicting, with some observational studies reporting no association [8, 17] and other researchers considered TC and LDL cholesterol as protective [24] or risk factors for GSD [2, 25]. This multi-center cross-sectional study indicated that the high level of TC was negatively associated with GSD only in older individuals and that high LDL cholesterol level was related to a decreased susceptibility of GSD among the middle-aged and older-aged groups. This finding indicates that age is an important factor to consider, and provides a sensible explanation for the seeming paradox that the mean levels of TC and LDL cholesterol were remarkably higher in GSD cases than in controls, but negatively associated with GSD risk after adjusting for multiple factors in the cross-sectional study. Furthermore, subgroup analyses added weight to the speculation that the inconsistencies might arise from variations in the study population, study design, lipid measurement methods, or mixed control deficiencies. The mechanism of how TC and LDL cholesterol are implicated in GSD remains elusive; thus, further functional experiments are warranted.
Another indispensable factor to consider is sex, which has been widely accepted as a risk factor for GSD [3]. Subgroup analyses in the meta-analysis showed that GSD risk was positively related to triglyceride in females but not in males, and this result is in good agreement with previous findings [26]. In addition, it was found that TC, HDL cholesterol and LDL cholesterol had stronger protective effects in females than in males. Observational studies have indicated that low levels of testosterone are negatively associated with triglyceride, but TC and LDL cholesterol were positively related to HDL cholesterol in men [27]. Besides, it has been proposed that estrogens increase the risk of GSD by upregulating the hepatic secretion of biliary cholesterol, leading to a rise in the cholesterol saturation of bile [28]. Estrogen administration could also increase and decrease triglyceride and LDL cholesterol, respectively [29], suggesting that sex hormones are involved in the associations between blood lipids and GSD.
Evidence has shown that patients who underwent cholecystectomy might have different serum lipid profiles compared to those with gallstones [30, 31]. In this study, TC and LDL cholesterol appeared to be negatively associated with cholecystectomy, but not positively associated with gallstones. Consistent with this, some studies reported that GSD patients who underwent cholecystectomy had decreased levels of TC and triglyceride and increased level of HDL cholesterol [30], suggesting that cholecystectomy can improve blood lipid levels. In contrast, Chacez-Tapia et al. [31] showed that GSD patients after cholecystectomy had higher levels of LDL cholesterol, triglyceride and TC, but a lower concentration of HDL cholesterol than controls. The bile in the liver directly enters the intestine after cholecystectomy, resulting in faster bile acid circulation and thus exposing the enterohepatic system to a faster bile acid flux. Bile acid and lipid metabolisms are functionally inter-related [32]. Therefore, more efforts should be made to further understand the exact role of cholecystectomy on lipid metabolism.
Genetic factors may also contribute to the relationship between blood lipids and GSD risk. It has been suggested that Q6404 and D19H polymorphisms in the ATP binding cassette protein G5/G8 (ABCG5/G8) genes are significantly related to higher concentrations of triglyceride and lower concentrations of HDL cholesterol [33]. Other genetic studies have also identified that the variants in ABCG5/G8 genes are associated with the risk of GSD [34]. ABCG5/G8 gene products function as a half-transporter to promote cholesterol transport into bile. In patients with GSD, the expression of ABCG5/G8 was upregulated and could affect the cholesterol supersaturation of bile [35]. Besides, rare mutations in cytochrome P450 family 7 subfamily A member 1 (CYP7A1) gene also result in premature GSD and hypertriglyceridemia [36], and the product of CYP7A1 gene catalyzes the initial steps of cholesterol catabolism and cholic acid synthesis.
Study strengths and limitations
The main strength of this study is that it provides the most detailed assessment to date on the contribution of serum lipid profiles to GSD. Based on the multi-center cross-sectional study and meta-analysis with approximately 3 million participants, the association between blood lipid metabolism and GSD risk was comprehensively evaluated. However, this study has several limitations. First, problems inherent in the design of cross-sectional study should be noticed, and re-assessment of prospective studies may be helpful to further elucidate the role of lipids in gallstone formation. Second, it was unable to define a unified analytical standard across the included studies since the raw data could not be obtained from all studies. To minimize bias, the adjusted risk estimates were extracted and the risk estimates under the high vs. low level model or per increasing unit model were adopted. Third, some of the associations in meta-analysis showed significant heterogeneity and bias. Meta-regression analysis indicated that study design, gender, geographic background, and quality of the included studies might be the sources of heterogeneity. Other factors, such as the adjustment of ORs, could also lead to statistical heterogeneity. Sensitivity analysis indicated that only one of the associations was changed after excluding individual datasets.
Conclusions
In conclusion, this multi-center cross-sectional study and meta-analysis provide updated extensive evidence on the correlations between blood lipid metabolism and GSD risk. The results imply that low HDL cholesterol levels and high triglyceride levels are risk factors for GSD. This study provides a basis for identifying the population at high risk for GSD and also a possible way for the prevention and control of GSD, that is, implementing preventive intervention for patients with high and low concentrations of triglyceride and HDL cholesterol, respectively. Further preventive intervention trials are needed to verify the effects of triglyceride and HDL cholesterol on GSD.
Acknowledgments
The authors are grateful to all of the patients and controls for participating in the study. We thank Huijie Cui from the School of Foreign Languages in Sichuan University for the writing assistance. The authors also would like to express their gratitude to EditSprings (https://​www.​editsprings.​com/​) for the expert linguistic services provided.

Authors’ contributions
X.S. and X.W. initiated and designed this study, interpreted the results, and approval of the final draft manuscript. M.Z. performed data collection and analyses, interpreted the results, and drafted the first manuscript. C.Z. and G.L. collected the data in each center, interpreted the results, and revised the manuscript. M.M. and P.C. performed data analyses, interpreted the results, and revised the manuscript. J.S. and F.H. critically reviewed and revised the manuscript, interpreted the results. The author(s) read and approved the final manuscript.

Funding
This study was supported by the National Natural Science Foundation of China (81802508, 81903398, 81902856) and the Chinese Fundamental Research Funds For the Central Universities (YJ2021112). The funding agencies of this study had no role in study design, data collection, data management, data analysis, data interpretation, writing of the manuscript, or the decision for submission.

Availability of data and materials
The datasets supporting the conclusions of this article are included within the article and its additional files.

Declarations
Ethics approval and consent to participate
This study was approved by the ethics committee West China Fourth Hospital and West China School of Public Health, Sichuan University (Gwll2021055).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.


References
	1.
Shaffer EA. Epidemiology and risk factors for gallstone disease: has the paradigm changed in the 21st century? Curr Gastroenterol Rep. 2005;7(2):132–40. https://​doi.​org/​10.​1007/​s11894-005-0051-8.CrossrefPubMed

	2.
Wang J, Shen S, Wang B, Ni X, Liu H, Ni X, et al. Serum lipid levels are the risk factors of gallbladder stones: a population-based study in China. Lipids Health Dis. 2020;19(1):50. https://​doi.​org/​10.​1186/​s12944-019-1184-3.CrossrefPubMedPubMedCentral

	3.
Lammert F, Gurusamy K, Ko CW, Miquel JF, Mendez-Sanchez N, Portincasa P, et al. Gallstones. Nat Rev Dis Primers. 2016;2(1):16024. https://​doi.​org/​10.​1038/​nrdp.​2016.​24.CrossrefPubMedPubMedCentral

	4.
Barahona Ponce C, Scherer D, Brinster R, Boekstegers F, Marcelain K, Garate-Calderon V, et al. Gallstones, body mass index, C-reactive protein, and gallbladder Cancer: Mendelian randomization analysis of Chilean and European genotype data. Hepatology. 2021;73(5):1783–96. https://​doi.​org/​10.​1002/​hep.​31537.CrossrefPubMed

	5.
Ward HA, Murphy N, Weiderpass E, Leitzmann MF, Aglago E, Gunter MJ, et al. Gallstones and incident colorectal cancer in a large pan-European cohort study. Int J Cancer. 2019;145(6):1510–6. https://​doi.​org/​10.​1002/​ijc.​32090.CrossrefPubMed

	6.
Wirth J, di Giuseppe R, Wientzek A, Katzke VA, Kloss M, Kaaks R, et al. Presence of gallstones and the risk of cardiovascular diseases: the EPIC-Germany cohort study. Eur J Prev Cardiol. 2015;22(3):326–34. https://​doi.​org/​10.​1177/​2047487313512218​.CrossrefPubMed

	7.
Ruhl CE, Everhart JE. Gallstone disease is associated with increased mortality in the United States. Gastroenterology. 2011;140(2):508–16. https://​doi.​org/​10.​1053/​j.​gastro.​2010.​10.​060.CrossrefPubMed

	8.
Banim PJ, Luben RN, Bulluck H, Sharp SJ, Wareham NJ, Khaw KT, et al. The aetiology of symptomatic gallstones quantification of the effects of obesity, alcohol and serum lipids on risk. Epidemiological and biomarker data from a UK prospective cohort study (EPIC-Norfolk). Eur J Gastroenterol Hepatol. 2011;23(8):733–40. https://​doi.​org/​10.​1097/​MEG.​0b013e3283477cc9​.CrossrefPubMed

	9.
von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP, et al. The strengthening the reporting of observational studies in epidemiology (STROBE) statement: guidelines for reporting observational studies. Lancet. 2007;370(9596):1453–7. https://​doi.​org/​10.​1016/​S0140-6736(07)61602-X.Crossref

	10.
Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred reporting items for systematic reviews and meta-analyses: the PRISMA statement. BMJ. 2009;339(jul21 1):b2535. https://​doi.​org/​10.​1136/​bmj.​b2535.CrossrefPubMedPubMedCentral

	11.
Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie D, et al. Meta-analysis of observational studies in epidemiology: a proposal for reporting. Meta-analysis of observational studies in epidemiology (MOOSE) group. JAMA. 2000;283(15):2008–12. https://​doi.​org/​10.​1001/​jama.​283.​15.​2008.CrossrefPubMedPubMedCentral

	12.
Wells GA, Shea B, O’Connell D, Peterson J, Welch V, Losos M, et al. The Newcastle-Ottawa Scale (NOS) for assessing the quality if nonrandomized studies in meta-analyses. [Accessed 30 July, 2021] http://​www.​ohri.​ca/​programs/​clinical_​epidemiology/​oxford.​asp.

	13.
Rostom A, Dube C, Cranney A, et al. Celiac Disease. Rockville Agency for Healthcare Research and Quality (US); 2004 Sep. https://​www.​ncbi.​nlm.​nih.​gov/​books/​NBK35156/​

	14.
Xu C, Doi SAR. The robust error meta-regression method for dose-response meta-analysis. Int J Evid Based Healthc. 2018;16(3):138–44. https://​doi.​org/​10.​1097/​XEB.​0000000000000132​.CrossrefPubMed

	15.
Xu C, Liu Y, Jia PL, Li L, Liu TZ, Cheng LL, et al. The methodological quality of dose-response meta-analyses needed substantial improvement: a cross-sectional survey and proposed recommendations. J Clin Epidemiol. 2019;107:1–11. https://​doi.​org/​10.​1016/​j.​jclinepi.​2018.​11.​007.CrossrefPubMed

	16.
Portincasa P, Moschetta A, Palasciano G. Cholesterol gallstone disease. Lancet. 2006;368(9531):230–9. https://​doi.​org/​10.​1016/​S0140-6736(06)69044-2.CrossrefPubMed

	17.
Kim YK, Kwon OS, Her KH. The grade of nonalcoholic fatty liver disease is an independent risk factor for gallstone disease: An observational Study. Medicine (Baltimore). 2019;98:e16018.Crossref

	18.
Janowitz P, Wechsler JG, Kuhn K, Kratzer W, Tudyka J, Swobodnik W, et al. The relationship between serum lipids, nucleation time, and biliary lipids in patients with gallstones. Clin Investig. 1992;70(5):430–6. https://​doi.​org/​10.​1007/​BF00235527.CrossrefPubMed

	19.
Thornton JR, Heaton KW, Macfarlane DG. A relation between high-density-lipoprotein cholesterol and bile cholesterol saturation. Br Med J (Clin Res Ed). 1981;283:1352–4.Crossref

	20.
Hussaini SH, Pereira SP, Murphy GM, Dowling RH. Deoxycholic acid influences cholesterol solubilization and microcrystal nucleation time in gallbladder bile. Hepatology. 1995;22(6):1735–44.PubMed

	21.
Robins SJ, Fasulo JM. High density lipoproteins, but not other lipoproteins, provide a vehicle for sterol transport to bile. J Clin Invest. 1997;99(3):380–4. https://​doi.​org/​10.​1172/​JCI119170.CrossrefPubMedPubMedCentral

	22.
Kato I, Nomura A, Stemmermann GN, Chyou PH. Prospective study of clinical gallbladder disease and its association with obesity, physical activity, and other factors. Dig Dis Sci. 1992;37(5):784–90. https://​doi.​org/​10.​1007/​BF01296440.CrossrefPubMed

	23.
Cavallini A, Messa C, Mangini V, Argese V, Misciagna G, Giorgio I. Serum and bile lipids in young women with radiolucent gallstones. Am J Gastroenterol. 1987;82(12):1279–82.PubMed

	24.
Krawczyk M, Gruenhage F, Mahler M, Tirziu S, Acalovschi M, Lammert F. The common adiponutrin variant p.I148M does not confer gallstone risk but affects fasting glucose and triglyceride levels. J Physiol Pharmacol. 2011;62(3):369–75.PubMed

	25.
Chang CM, Chiu THT, Chang CC, Lin MN, Lin CL. Plant-based diet, cholesterol, and risk of gallstone disease: a prospective study. Nutrients. 2019;11(2). https://​doi.​org/​10.​3390/​nu11020335.

	26.
Kim SB, Kim KH, Kim TN, Heo J, Jung MK, Cho CM, et al. Sex differences in prevalence and risk factors of asymptomatic cholelithiasis in Korean health screening examinee: A retrospective analysis of a multicenter study. Medicine (Baltimore). 2017;96:e6477.Crossref

	27.
Hamalainen E, Adlercreutz H, Ehnholm C, Puska P. Relationships of serum lipoproteins and apoproteins to sex hormones and to the binding capacity of sex hormone binding globulin in healthy Finnish men. Metabolism. 1986;35(6):535–41. https://​doi.​org/​10.​1016/​0026-0495(86)90011-9.CrossrefPubMed

	28.
Wang HH, Liu M, Clegg DJ, Portincasa P, Wang DQ. New insights into the molecular mechanisms underlying effects of estrogen on cholesterol gallstone formation. Biochim Biophys Acta. 1791;2009(11):1037–47. https://​doi.​org/​10.​1016/​j.​bbalip.​2009.​06.​006.Crossref

	29.
Wang X, Magkos F, Mittendorfer B. Sex differences in lipid and lipoprotein metabolism: it's not just about sex hormones. J Clin Endocrinol Metab. 2011;96(4):885–93. https://​doi.​org/​10.​1210/​jc.​2010-2061.CrossrefPubMedPubMedCentral

	30.
Osman A, Ibrahim AH, Alzamil AM, Alkhalifa AM, Badghaish DA, Al-Dera FH, et al. Is cholecystectomy in patients with symptomatic uncomplicated Cholelithiasis beneficial in improving the lipid profile? Cureus. 2020;12:e6729. https://​doi.​org/​10.​7759/​cureus.​6729.CrossrefPubMedPubMedCentral

	31.
Chavez-Tapia NC, Kinney-Novelo IM, Sifuentes-Renteria SE, Torres-Zavala M, Castro-Gastelum G, Sanchez-Lara K, et al. Association between cholecystectomy for gallstone disease and risk factors for cardiovascular disease. Ann Hepatol. 2012;11(1):85–9. https://​doi.​org/​10.​1016/​S1665-2681(19)31490-5.CrossrefPubMed

	32.
Amigo L, Husche C, Zanlungo S, Lutjohann D, Arrese M, Miquel JF, et al. Cholecystectomy increases hepatic triglyceride content and very-low-density lipoproteins production in mice. Liver Int. 2011;31(1):52–64. https://​doi.​org/​10.​1111/​j.​1478-3231.​2010.​02361.​x.CrossrefPubMed

	33.
Siddapuram SP, Mahurkar S, Duvvuru NR, Mitnala S, Guduru VR, Rebala P, et al. Hepatic cholesterol transporter ABCG8 polymorphisms in gallstone disease in an Indian population. J Gastroenterol Hepatol. 2010;25(6):1093–8. https://​doi.​org/​10.​1111/​j.​1440-1746.​2010.​06309.​x.CrossrefPubMed

	34.
Bustos BI, Perez-Palma E, Buch S, Azocar L, Riveras E, Ugarte GD, et al. Variants in ABCG8 and TRAF3 genes confer risk for gallstone disease in admixed Latinos with Mapuche native American ancestry. Sci Rep. 2019;9(1):772. https://​doi.​org/​10.​1038/​s41598-018-35852-z.CrossrefPubMedPubMedCentral

	35.
Jiang ZY, Parini P, Eggertsen G, Davis MA, Hu H, Suo GJ, et al. Increased expression of LXR alpha, ABCG5, ABCG8, and SR-BI in the liver from normolipidemic, nonobese Chinese gallstone patients. J Lipid Res. 2008;49(2):464–72. https://​doi.​org/​10.​1194/​jlr.​M700295-JLR200.CrossrefPubMed

	36.
Teslovich TM, Musunuru K, Smith AV, Edmondson AC, Stylianou IM, Koseki M, et al. Biological, clinical and population relevance of 95 loci for blood lipids. Nature. 2010;466(7307):707–13. https://​doi.​org/​10.​1038/​nature09270.CrossrefPubMedPubMedCentral



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


OEBPS/navigation.xhtml

    
      Contents


      
        		Blood lipid metabolism and the risk of gallstone disease: a multi-center study and meta-analysis


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/images/12944_2022_1635_Fig2_HTML.png
=
=]
=
53
=
s
=
D
=
b

Records identified from
PubMed (N =1,018)

Records identified from
Embase (N =1,376)

[Eligibili } [ Screening ]

Duplicates removed (N = 662)

A 4

1,732 articles from the two databaseswere screened

Articles excluded on the basis
of title and abstract (N = 1590)
1143 Not related

A 4

A 4

152 Not in English

123 Reviews or meta-analysis
164 Animal experiment

8 Case report

N=142)

Full-text articles evaluated for eligibility

Articles excluded (N = 45)
26 on special population

A 4

A\ 4

13 without healthy controls
6 without sufficient data

101 publications were included in meta-analyses

Current multicenter study

a

\4

N=3)

(N=104)

Additionally, we conducted meta-analysis using
data from precious studies and current studies






OEBPS/css/envelope.png





OEBPS/images/12944_2022_1635_Fig1_HTML.png
Total cholesterol

Total

Age
<40
40-60
>60

Gender
Men
Wowen

Diagnosis
Gallstone

Cholecystectomy

Triglyceride

Total

Age
<40
40-60
>60

Gender
Men
Wowen

Diagnosis
Gallstone

Cholecystectomy

LDL-C

Total

Age
<40
40-60
>60

Gender
Men
Wowen

Diagnosis
Gallstone
Cholecystectomy

HDL-C

Total

Age
<40
40-60
>60

Gender
Men
Wowen

Diagnosis
Gallstone
Cholecystectomy

High vs Low

a

r
0.5

OR (95%Cl)
0.754 (0.671, 0.848)

0.702 (0.440, 1.121)
1.101 (0.532, 2.279)
0.649 (0.479, 0.879)

0.730 (0.626, 0.852)
0.835 (0.698, 0.998)

0.896 (0.766, 1.049)
0.647 (0.550, 0.762)
0.972 (0.806, 1.172)
1.000 (0.766, 1.581)
0.826 (0.608, 1.122)

1.053 (0.759, 1.462)

0.965 (0.741, 1.257)
0.973 (0.753, 1.256)

0.824 (0.661, 1.028)
1.253 (0.902, 1.740)
0.893 (0.842, 0.946)
1.017 (0.893, 1.157)
0.898 (0.830, 0.971)

0.796 (0.707, 0.896)

0.873 (0.805, 0.946)
0.946 (0.869, 1.029)

1.095 (1.010, 1.186)
0.747 (0.692, 0.807)
0.710 (0.640, 0.787)
0.694 (0.539, 0.893)
0.696 (0.561, 0.863)

0.794 (0.635, 0.994)

0.716 (0.612, 0.838)
0.735 (0.6086, 0.891)

0.651 (0.517, 0.819)
0.801 (0.698, 0.920)

P
2.25x107%

0.139
0.482
0.005

6.33x107%5
0.048

0.171
1.70x10707
0.760
0.606
0.222

0.756

0.791
0.831

0.086
0.178
1.13x10°%
0.799
0.007

6.13x10704

0.001
0.196

0.028
1.58x107™2
7.03x10°"

0.005

0.001

0.044

3.32x1070%
0.002

2.62x10704
0.002

P for interaction

0.422

0.264

0.005

0.534

0.965

0.038

0.023

0.178

<0.001

0.644

0.863

0.130

Per mmol/L increase
OR (95%Cl)

—— 0.895 (0.858, 0.933)

0.956 (0.815, 1.121)

—— 0.916 (0.834, 1.006)
o 0.848 (0.779, 0.924)
— 0.904 (0.855, 0.956)
—— 0.882 (0.779, 0.999)
—— 0.972 (0.919, 1.029)

—— 0.833 (0.786, 0.882)
- 1.050 (1.036, 1.065)

—-— 1.053 (1.020, 1.086)

- 1.047 (1.029, 1.065)

—-— 1.049 (1.014, 1.085)

- 1.036 (1.019, 1.054)

—=—  1.095(1.043, 1.149)

- 1.007 (0.987, 1.027)

- 1.080 (1.062, 1.099)

—=—  1.071(1.014,1.131)

———————=——— 1.042(0.786, 1.380)

—s=—  1.088(1.015, 1.166)
———=——— 1.062(0.943, 1.197)

— 1.002 (0.935, 1.075)
——= 1.198 (1.097, 1.309)

— 1.062 (0.984, 1.146)
— 1.064 (0.991, 1.143)

— 0.889 (0.833, 0.949)

0.710 (0.602, 0.838)

—_——T 0.875 (0.662, 1.157)

——————=——————— 0.958(0.771, 1.190)

— 0.885 (0.811, 0.966)

0.964 (0.872, 1.067)

0.750 (0.568, 0.911)
— 1.018 (0.936, 1.108)
1

1 1.2

P
1.89x10707

0.580
0.065
1.70x107%4

3.71x107%
0.049

0.328
5.65x1071°
8.68x10713

0.001
1.99x10797

0.005

3.96x10°05
2.24%107%

0.497
9.57%10719
0.014
0.776
0.018

0.321

0.949
6.33x107%

0.120

0.089
4.32x10%4
5.12x10°05

0.350

0.698

0.006
0.480

0.043
0.673

P for interaction

0.307

0.723

<0.001

0.952

0.034

<0.001

0.913

0.002

0.972

0.081

0.209

0.017





OEBPS/css/sidebar.gif





