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摘要：目的  分析5种新型肥胖相关指标（novel obesity-related indices, NORI）与胃部疾病的关联。方法  基于上消化道癌人群筛查及食管癌专病队列基线数据，采用无序多分类logistic回归模型，分别探讨脂质蓄积指数（lipid accumulation product, LAP）、内脏脂肪指数（visceral adiposity index, VAI）、中国内脏脂肪指数（Chinese visceral adiposity index, CVAI）、腰部甘油三酯指数（waist triglyceride index, WTI）和心脏代谢指数（cardiometabolic index, CMI）与胃癌、癌前病变（高级别/低级别上皮内瘤变）及癌前疾病（萎缩性胃炎/肠上皮化生）的独立关联。结果  9243名研究对象中，经病理确诊的胃癌、癌前病变、癌前疾病患病率分别为0.48%、1.95%和36.59%。无序多分类logistic回归分析结果显示，在整体人群中，与第一分位数（quartile 1, Q1）相比，LAP和CVAI的Q4人群患癌前疾病的风险分别降低13.6%（OR=0.864, 95%CI: 0.761~0.981）和16.1%（OR=0.839, 95%CI: 0.736~0.957）。同时，LAP、VAI、CVAI和CMI每增加一个标准差，癌前疾病的风险分别降低5.1%（OR=0.949, 95%CI: 0.905~0.994）、5.1%（OR=0.949, 95%CI: 0.904~0.995）、6.2%（OR=0.938, 95%CI: 0.896~0.983）和4.9%（OR=0.951, 95%CI: 0.906~0.998）。未发现WTI与胃部疾病存在显著关联（P0.05）。然而，与Q1人群相比，CMI的Q4人群患胃癌的风险显著升高（OR=3.262, 95%CI: 1.133~9.397）。分层分析显示，VAI和CVAI仅是非贲门癌前疾病的显著保护因素（P均<0.05）。CMI仅是贲门胃癌的显著危险因素（P<0.05）。结论  在扬中市40~69岁筛查人群中，LAP、VAI、CVAI及CMI水平升高与癌前疾病风险降低独立相关，但CMI水平过高会增加胃癌风险，且不同NORI对胃部疾病的影响存在部位特异性。
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Analysis on the Association Between Novel Obesity-Related Indices and Gastric Diseases Among Gastroscopy Screening Population in Yangzhong City
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Abstract: [Objective] To analyze the association between five novel obesity-related indices (NORI) and gastric diseases. [Methods] Based on baseline data from population-based screening for upper gastrointestinal cancer and the esophageal cancer-specific cohort, this study employed a multinomial logistic regression model to investigate the independent associations between lipid accumulation product (LAP), visceral adiposity index (VAI), Chinese visceral adiposity index (CVAI), waist triglyceride index (WTI), and cardiometabolic index (CMI) and gastric cancer, precancerous lesions (high-grade/low-grade intraepithelial neoplasia), and precancerous diseases (atrophic gastritis/intestinal metaplasia). [Results] Among 9,243 study participants, the prevalence rates of histopathologically confirmed gastric cancer, precancerous lesions, and precancerous diseases were 0.48%, 1.95%, and 36.59%, respectively. Results of the multinomial logistic regression analysis showed that, in the overall population, compared with the first quartile (Q1), individuals in the Q4 group of LAP and CVAI had a 13.6% (OR=0.864, 95%CI: 0.761–0.981) and 16.1% (OR=0.839, 95%CI: 0.736–0.957) reduction in the risk of precancerous diseases, respectively. For each one-standard-deviation increase in LAP, VAI, CVAI and CMI, the risk of precancerous diseases decreased by 5.1% (OR=0.949, 95%CI: 0.905–0.994), 5.1% (OR=0.949, 95%CI: 0.904–0.995), 6.2% (OR=0.938, 95%CI: 0.896–0.983) and 4.9% (OR=0.951, 95%CI: 0.906–0.998), respectively. No significant association was found between WTI and gastric diseases (P>0.05). However, compared with the Q1 population, the Q4 population in CMI showed a significantly higher risk of gastric cancer (OR=3.262, 95%CI: 1.133–9.397). Stratified analysis showed that VAI and CVAI were significant protective factors against non-cardia gastric precancerous diseases (all P<0.05). In contrast, CMI was a significant risk factor for cardia gastric cancer (P<0.05). [Conclusions] Among the screened participants aged 40–69 years in Yangzhong City, elevated levels of LAP, VAI, CVAI, and CMI were independently associated with a decreased risk of precancerous diseases; however, markedly elevated CMI levels are associated with an increased risk of gastric cancer. Furthermore, different NORIs exert site-specific effects on gastric diseases.
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胃癌（Gastric cancer, GC）是全球第五大常见恶性肿瘤，亦是第五大癌症死亡原因，其中东亚地区为高发区域，造成了沉重的疾病与公共卫生负担[1, 2]。最新数据显示，2022年我国GC新发病例达35.9万例，占全球新发病例的37.0%；死亡病例为26.0万例，占全球死亡病例的39.4%，其标化发病率与死亡率均显著高于全球平均水平[3]。既往研究证实，早期GC经规范诊治后5年生存率可达90%以上，进展期GC 5年生存率则不足30%[4, 5]。GC的发生遵循“慢性炎症→萎缩性胃炎→肠上皮化生→异型增生→癌变”的阶梯式病理演进过程[4]，癌前疾病与癌前病变是GC发生的关键可逆干预窗口期，在此阶段筛查预警标志物可实现癌变早期阻断。因此，探寻简便可靠的胃部病变筛查标志物，对于降低疾病负担具有重要的公共卫生意义。
既往研究表明，血脂代谢紊乱与恶性肿瘤的发生发展密切相关[6-10]。然而，血脂代谢指标与GC风险的关联结论仍存在较大争议。例如，Wu T等[11]研究表明，低密度脂蛋白胆固醇（low-density lipoprotein cholesterol, LDL-C）水平升高可增加GC风险，而高密度脂蛋白胆固醇（high-density lipoprotein cholesterol, HDL-C）、甘油三酯（triglyceride, TG）及总胆固醇（total cholesterol, TC）水平增加则与GC风险降低相关。Xu S等[12]研究发现，GC风险与TC、HDL-C呈负相关，但与LDL-C和TG无显著关联。此外，不同研究背景下，肥胖与GC风险关联性被证实存在显著的异质性[13-17]。新型肥胖相关指标（novel obesity-related indices, NORI），包括脂质蓄积指数（lipid accumulation product, LAP）、内脏脂肪指数（visceral adiposity index, VAI）和中国内脏脂肪指数（Chinese visceral adiposity index, CVAI）等，可综合反映机体脂质代谢、体脂分布及肥胖相关代谢紊乱特征，相较于传统肥胖指标，能更全面、精准地评估疾病风险。部分指标已被证实与消化系统肿瘤独立相关[18, 19]。然而，在上消化道癌高发现场人群中，探索NORI与GC、癌前病变和癌前疾病独立关联的研究仍较为匮乏，难以阐明 NORI 在胃部病变逐级进展过程中的变化特征。因此，本研究依托扬中市上消化道癌人群筛查及食管癌专病队列研究项目，系统探索5种NORI分别与GC、癌前病变及癌前疾病的关联性，并进一步分析不同疾病部位中关联的异质性，旨在为上消化道癌高发地区人群胃部疾病的综合防治提供参考。

1 对象与方法
1.1研究对象  
本研究基于上消化道癌人群筛查和食管癌专病队列的基线数据开展[13, 17, 20-22]。扬中市人民医院分别于2006年和2017年牵头开展上述两项项目，两项项目同步穿插、互补实施，共同协作完成筛查工作。目标人群均为当地40~69岁户籍居民，遵循既定纳入与排除标准，邀请符合条件者自愿参与上消化道癌筛查，受试者依次完成体格检查、流行病学调查、实验室生化指标检测、无痛内镜检查、病理学诊断和随访工作，具体实施方案可参见既往文献[13, 17, 20-22]。2017年11月—2022年12月，共有10698名居民完成筛查登记，剔除关键分析变量缺失（599例）、有癌症病史（163例）、有上消化道疾病手术史（58例）及病理诊断为食管癌及癌前病变/疾病（635例）者，最终纳入9243名研究对象。所有对象均签署知情同意书，本研究经扬中市人民医院（KY202402）和中国医学科学院肿瘤医院（No. 16-171/1250）伦理委员会批准。
1.2研究方法  
采用横断面研究设计，基于上消化道癌人群筛查基线数据，旨在探究5种NORI与胃部疾病的关联性特征。依据病理活检的最高诊断结果，将所有研究对象划分为4个病理亚组，明确分组标准及对照设置如下：①非GC及癌前病变/疾病组，包含正常胃黏膜、慢性非萎缩性胃炎等良性胃部改变；②癌前疾病组，包括慢性萎缩性胃炎、肠上皮化生；③癌前病变组，涵盖低级别、高级别上皮内瘤变；④GC组，为病理确诊的原发性GC。本研究以非GC及癌前病变/疾病组作为统一参照，对比分析各NORI与不同胃部病变阶段的独立关联差异。
研究收集的分析变量包括基本信息（性别、年龄、常住地、婚姻、教育程度等）、生活方式（吸烟、饮酒和饮茶）、饮食习惯（蔬菜水果、畜肉及制品等摄入频率）、行为习惯（体育锻炼频率）、癌症家族史、慢性病家族史、快速尿素酶检查结果、胃部疾病史、服药史及病理诊断结果。此外，体格检查[身高、体重、腰围（waist circumference, WC）]和实验室生化指标（TC、TG、LDL-C和HDL-C）均被收集。
1.3指标定义  
参照既往文献[22]，分别计算BMI（body mass index, BMI）、WHtR（waist‑to‑height ratio, WHtR）、LAP、VAI、CVAI、腰围甘油三酯指数（waist triglyceride index, WTI）和心脏代谢指数（cardiometabolic index, CMI）[23]，具体如下：
BMI = BW kg / BH m2
WHtR = WC cm / BH cm
男性: LAP = (WC cm - 65) × TG mmol/L
女性: LAP = (WC cm - 58) × TG mmol/L
男性: VAI = [WC cm / (39.68 + 1.88 × BMI kg/m2)] × [TG mmol/L / 1.03] × [1.31 / HDL-C mmol/L]
女性: VAI = [WC cm / (36.58 + 1.89 × BMI kg/m2)] × [TG mmol/L / 0.81] × [1.52 / HDL-C mmol/L]
男性: CVAI = - 267.93 + 0.68 × age year + 0.03 × BMI kg/m2 + 4.00 × WC cm + 22.00 × lg TG mmol/L- 16.32 × HDL-C mmol/L 
女性: CVAI = - 187.32 + 1.71 × age year + 4.32 × BMI kg/m2 + 1.12 × WC cm + 39.76 × lg TG mmol/L- 11.66 × HDL-C mmol/L
WTI = WC cm × TG mmol/L
CMI = (WC cm /BH cm) × (TG mmol/L/HDL-C mmol/L)
吸烟、饮酒、饮茶、蔬菜水果摄入充足、畜肉及其制品、腌制品、饮食不规律、深度油炸食品、剩菜剩饭、霉变食物、进食过快、高盐饮食、辛辣食物、体育锻炼、癌症家族史、慢性病家族史、幽门螺杆菌（Helicobacter pylori, Hp）感染和胃部疾病史指标的定义与既往文献保持一致[17, 24, 25]。服药史指当前服用降压、降脂或降糖药物。
1.4统计学分析  
采用SPSS 27.0和R version 3.4.0软件进行数据整理和分析。计量资料不符合正态分布，用M（Q1,Q3）描述；计数资料用n（%）表示，组间比较采用非参数检验或χ2检验。排除与NORI组分相关的因素后，将单因素分析有意义的变量（P<0.05）纳入以非GC及癌前病变/疾病组为参照的无序多分类logistic回归模型探索各NORI四分位数和z-score评分[Z=（观察值-平均值）/标准差]分别与GC、癌前病变和癌前疾病的关联。此外，为探讨病变部位的异质性，本研究按贲门部与非贲门部病变进行探索性分层分析，分别剔除另一组患病对象后，在校正所有潜在混杂因素的基础上，采用无序多分类logistic回归分析探索NORI与不同部位病变的关联。检验水准α=0.05，双侧。
2 结 果
2.1 基本信息  
本研究中9243名调查对象的中位年龄为55.00岁，其中以女性（57.48%）、农村居民（80.14%）、已婚（93.72%）和初中教育程度者（50.09%）居多。非GC/癌前病变/癌前疾病5637例（60.99%），癌前疾病3382例（36.59%），癌前病变180例（1.95%），GC 44例（0.48%）。不同胃部健康者在性别、年龄、常住地、教育程度、家庭人口数、家庭年平均收入、吸烟、饮酒、饮茶、Hp感染、胃部疾病史、服药史、身高、体重、BMI、WC和HDL-C中差异有统计学意义（P均<0.05）。见表1。



	Table 1 Basic information of the study subjects [n (%)/M (Q1, Q3)]

	Variable
	Overall (n=9243)
	Non-gastric cancer and precancerous lesions/diseases (n=5637)
	Precancerous diseases (n=3382)
	Precancerous lesions (n=180)
	GC
(n=44)
	χ²/H
	P

	Gender
	
	
	
	
	
	84.818
	<0.001

	Male
	3930 (42.52)
	2234 (39.63)
	1548 (45.77)
	118 (65.56)
	30 (68.18)
	
	

	Female
	5313 (57.48)
	3403 (60.37)
	1834 (54.23)
	62 (34.44)
	14 (31.82)
	
	

	Age (years)
	55.00 
(51.00, 62.00)
	54.00 (50.00, 61.00)
	57.00 (52.00, 63.00)
	61.00 (54.75, 66.00)
	61.00 (56.00, 65.00)
	231.686#
	<0.001

	Residence
	
	
	
	
	
	18.367
	<0.001

	Rural
	7407 (80.14)
	4452 (78.98)
	2768 (81.85)
	156 (86.67)
	31 (70.45)
	
	

	Urban
	1836 (19.86)
	1185 (21.02)
	614 (18.15)
	24 (13.33)
	13 (29.55)
	
	

	Marital status
	
	
	
	
	
	1.864
	0.601

	Other
	580 (6.28)
	342 (6.07)
	224 (6.62)
	10 (5.56)
	4 (9.09)
	
	

	Married
	8663 (93.72)
	5295 (93.93)
	3158 (93.38)
	170 (94.44)
	40 (90.91)
	
	

	Educational level
	
	
	
	
	
	26.805
	0.002

	No formal education
	720 (7.79)
	411 (7.29)
	297 (8.78)
	9 (5.00)
	3 (6.82)
	
	

	Primary school
	2377 (25.72)
	1397 (24.78)
	904 (26.73)
	61 (33.89)
	15 (34.09)
	
	

	Junior high school
	4630 (50.09)
	2874 (50.98)
	1655 (48.94)
	86 (47.78)
	15 (34.09)
	
	

	Senior high school and above
	1516 (16.40)
	955 (16.94)
	526 (15.55)
	24 (13.33)
	11 (25.00)
	
	

	Household size (persons)
	
	
	
	
	
	13.403
	0.037

	1-3
	5574 (60.31)
	3350 (59.43)
	2088 (61.74)
	114 (63.33)
	22 (50.00)
	
	

	4-6
	3530 (38.19)
	2187 (38.80)
	1257 (37.17)
	65 (36.11)
	21 (47.73)
	
	

	≥7
	139 (1.50)
	100 (1.77)
	37 (1.09)
	1 (0.56)
	1 (2.27)
	
	

	Annual average household income (ten thousand yuan)
	
	
	
	
	
	35.426
	<0.001

	1-2.99
	768 (8.31)
	414 (7.34)
	329 (9.73)
	23 (12.78)
	2 (4.55)
	
	

	3-6.99
	2529 (27.36)
	1523 (27.02)
	935 (27.65)
	60 (33.33)
	11 (25.00)
	
	

	7-10.99
	2470 (26.72)
	1491 (26.45)
	927 (27.41)
	40 (22.22)
	12 (27.27)
	
	

	≥11
	3476 (37.61)
	2209 (39.19)
	1191 (35.22)
	57 (31.67)
	19 (43.18)
	
	

	Smoking
	
	
	
	
	
	80.403
	<0.001

	No
	7254 (78.48)
	4574 (81.14)
	2540 (75.10)
	113 (62.78)
	27 (61.36)
	
	

	Yes
	1989 (21.52)
	1063 (18.86)
	842 (24.90)
	67 (37.22)
	17 (38.64)
	
	

	Alcohol drinking
	
	
	
	
	
	32.515
	<0.001

	No
	7464 (80.75)
	4641 (82.33)
	2663 (78.74)
	132 (73.33)
	28 (63.64)
	
	

	Yes
	1779 (19.25)
	996 (17.67)
	719 (21.26)
	48 (26.67)
	16 (36.36)
	
	

	Tea drinking
	
	
	
	
	
	31.948
	<0.001

	No
	7571 (81.91)
	4695 (83.29)
	2716 (80.31)
	132 (73.33)
	28 (63.64)
	
	

	Yes
	1672 (18.09)
	942 (16.71)
	666 (19.69)
	48 (26.67)
	16 (36.36)
	
	

	Adequate intake of vegetables and fruits
	
	
	
	
	
	2.027
	0.567

	No
	8583 (92.86)
	5219 (92.58)
	3153 (93.23)
	170 (94.44)
	41 (93.18)
	
	

	Yes
	660 (7.14)
	418 (7.42)
	229 (6.77)
	10 (5.56)
	3 (6.82)
	
	

	Livestock meat and products
	
	
	
	
	
	2.594
	0.458

	No
	1912 (20.69)
	1168 (20.72)
	699 (20.67)
	40 (22.22)
	5 (11.36)
	
	

	Yes
	7331 (79.31)
	4469 (79.28)
	2683 (79.33)
	140 (77.78)
	39 (88.64)
	
	

	Pickled food
	
	
	
	
	
	7.372
	0.061

	No
	4028 (43.58)
	2512 (44.56)
	1431 (42.31)
	69 (38.33)
	16 (36.36)
	
	

	Yes
	5215 (56.42)
	3125 (55.44)
	1951 (57.69)
	111 (61.67)
	28 (63.64)
	
	

	Irregular diet
	
	
	
	
	
	3.657
	0.301

	No
	8818 (95.40)
	5360 (95.09)
	3245 (95.95)
	171 (95.00)
	42 (95.45)
	
	

	Yes
	425 (4.60)
	277 (4.91)
	137 (4.05)
	9 (5.00)
	2 (4.55)
	
	

	Deep-fried food
	
	
	
	
	
	-*
	0.525

	No
	8999 (97.36)
	5495 (97.48)
	3287 (97.19)
	175 (97.22)
	42 (95.45)
	
	

	Yes
	244 (2.64)
	142 (2.52)
	95 (2.81)
	5 (2.78)
	2 (4.55)
	
	

	Leftover food
	
	
	
	
	
	3.189
	0.363

	No
	3898 (42.17)
	2377 (42.17)
	1438 (42.52)
	69 (38.33)
	14 (31.82)
	
	

	Yes
	5345 (57.83)
	3260 (57.83)
	1944 (57.48)
	111 (61.67)
	30 (68.18)
	
	

	Moldy food
	
	
	
	
	
	-*
	0.442

	No
	9223 (99.78)
	5626 (99.80)
	3374 (99.76)
	179 (99.44)
	44 (100.00)
	
	

	Yes
	20 (0.22)
	11 (0.20)
	8 (0.24)
	1 (0.56)
	0 (0.00)
	
	

	Fast eating speed
	
	
	
	
	
	3.296
	0.348

	No
	6754 (73.07)
	4098 (72.70)
	2495 (73.77)
	133 (73.89)
	28 (63.64)
	
	

	Yes
	2489 (26.93)
	1539 (27.30)
	887 (26.23)
	47 (26.11)
	16 (36.36)
	
	

	High-salt diet
	
	
	
	
	
	0.526
	0.913

	No
	7147 (77.32)
	4366 (77.45)
	2612 (77.23)
	136 (75.56)
	33 (75.00)
	
	

	Yes
	2096 (22.68)
	1271 (22.55)
	770 (22.77)
	44 (24.44)
	11 (25.00)
	
	

	Spicy food
	
	
	
	
	
	7.620
	0.055

	No
	8022 (86.79)
	4857 (86.16)
	2971 (87.85)
	159 (88.33)
	35 (79.55)
	
	

	Yes
	1221 (13.21)
	780 (13.84)
	411 (12.15)
	21 (11.67)
	9 (20.45)
	
	

	Physical activity frequency
	
	
	
	
	
	5.277
	0.509

	Never/Almost never
	5972 (64.61)
	3646 (64.68)
	2172 (64.22)
	124 (68.89)
	30 (68.18)
	
	

	Occasionally
	932 (10.08)
	576 (10.22)
	341 (10.08)
	14 (7.78)
	1 (2.27)
	
	

	Frequently
	2339 (25.31)
	1415 (25.10)
	869 (25.69)
	42 (23.33)
	13 (29.55)
	
	

	Family history of cancer
	
	
	
	
	
	5.307
	0.151

	No
	3335 (36.08)
	2073 (36.77)
	1184 (35.01)
	67 (37.22)
	11 (25.00)
	
	

	Yes
	5908 (63.92)
	3564 (63.23)
	2198 (64.99)
	113 (62.78)
	33 (75.00)
	
	

	Family history of chronic diseases
	
	
	
	
	
	0.497
	0.920

	No
	3312 (35.83)
	2007 (35.60)
	1223 (36.16)
	67 (37.22)
	15 (34.09)
	
	

	Yes
	5931 (64.17)
	3630 (64.40)
	2159 (63.84)
	113 (62.78)
	29 (65.91)
	
	

	Hp infection
	
	
	
	
	
	183.851
	<0.001

	No
	5352 (57.90)
	3557 (63.10)
	1714 (50.68)
	72 (40.00)
	9 (20.45)
	
	

	Yes
	3891 (42.10)
	2080 (36.90)
	1668 (49.32)
	108 (60.00)
	35 (79.55)
	
	

	History of gastric diseases
	
	
	
	
	
	11.958
	0.008

	No
	8649 (93.57)
	5296 (93.95)
	3154 (93.26)
	158 (87.78)
	41 (93.18)
	
	

	Yes
	594 (6.43)
	341 (6.05)
	228 (6.74)
	22 (12.22)
	3 (6.82)
	
	

	Medication history
	
	
	
	
	
	13.073
	0.004

	No
	6455 (69.84)
	3993 (70.84)
	2325 (68.75)
	112 (62.22)
	25 (56.82)
	
	

	Yes
	2788 (30.16)
	1644 (29.16)
	1057 (31.25)
	68 (37.78)
	19 (43.18)
	
	

	Height (cm)
	162.00 
(156.00, 168.00)
	161.00 (156.00, 168.00)
	162.00 (156.00, 168.00)
	164.00 (159.00, 170.00)
	165.50 (160.00, 169.00)
	19.176#
	<0.001

	Weight (kg)
	63.10 
(56.50,  70.60)
	63.20 (56.60, 70.90)
	62.80 (56.30, 70.00)
	65.30 (57.77, 72.62)
	68.80 (59.35, 73.60)
	15.370#
	0.002

	BMI (kg/m2)
	24.17 (22.15, 26.18)
	24.26 (22.21, 26.26)
	24.01 (22.03, 26.04)
	23.98 (22.23, 25.94)
	25.33 (22.89, 26.72)
	12.866#
	0.005

	WC (cm)
	83.00 
(77.00,  89.00)
	83.00 (77.00, 89.00)
	83.00 (77.00, 89.00)
	84.00 (78.00, 90.00)
	86.50 
(81.00, 92.00)
	8.744#
	0.033

	TC (mmol/L)
	4.96 (4.41, 5.57)
	4.96 (4.41, 5.56)
	4.97 (4.41, 5.58)
	5.01 (4.49, 5.62)
	4.86 (4.17, 5.44)
	2.503#
	0.475

	TG (mmol/L)
	1.63 (1.12, 2.39)
	1.64 (1.12, 2.40)
	1.61 (1.12, 2.36)
	1.72 (1.05, 2.43)
	1.69 (1.37, 2.11)
	1.903#
	0.593

	LDL-C (mmol/L)
	2.42 (2.00, 2.86)
	2.42 (2.00, 2.86)
	2.42 (2.00, 2.88)
	2.45 (1.94, 2.86)
	2.56 (1.99, 2.80)
	0.293#
	0.961

	HDL-C (mmol/L)
	1.35 (1.16, 1.56)
	1.34 (1.15, 1.55)
	1.36 (1.17, 1.58)
	1.37 (1.19, 1.59)
	1.23 (1.06, 1.44)
	19.306#
	<0.001


Note: Categorical variables are presented as n (%), continuous variables as median (Q1, Q3). # Kruskal-Wallis test; * Fisher's exact test. GC = gastric cancer; Q1 = 1st Quartile; Q3 = 3rd Quartile; BMI = body mass index; WC = waist circumference; TC = total cholesterol; TG = triglyceride; LDL-C = low-density lipoprotein cholesterol; HDL-C = high-density lipoprotein cholesterol.

2.2新型肥胖相关指标的分布特征  
不同胃部健康者仅VAI和CVAI水平差异有统计学意义（P<0.05）。见表2。
	Table 2 Distribution characteristics of new obesity-related indicators of the study subjects [M (Q1, Q3)]

	Variable
	Overall 
(n=9243)
	Non-gastric cancer and precancerous lesions/diseases 
(n=5637)
	Precancerous diseases (n=3382)
	Precancerous lesions (n=180)
	GC
(n=44)
	H#
	P

	LAP
	36.11 (20.50, 60.05)
	36.50 (20.90, 61.38)
	35.70 (19.95, 57.99)
	35.11 (18.72, 60.40)
	36.34 (22.34, 59.33)
	4.630
	0.201

	VAI
	1.94 (1.19, 3.12)
	1.97 (1.23, 3.16)
	1.89 (1.15, 3.08)
	1.84 (1.00, 3.01)
	1.98 (1.32, 3.43)
	14.211
	0.003

	CVAI
	96.81 (73.82, 119.29)
	96.70 (73.44, 119.13)
	96.67 (74.27, 119.17)
	100.63 (72.01, 123.28)
	113.18 (88.77, 130.05)
	8.033
	0.045

	WTI
	135.68 (90.00, 205.03)
	136.12 (90.06, 206.67)
	134.31 (90.05, 201.10)
	140.12 (85.26, 211.83)
	137.73 (113.70, 188.73)
	1.942
	0.585

	CMI
	0.62 (0.38, 1.03)
	0.63 (0.38, 1.04)
	0.60 (0.37, 1.01)
	0.59 (0.35, 1.04)
	0.70 (0.47, 1.10)
	6.898
	0.075



Note: Continuous variables are presented as median (Q1, Q3). # Kruskal-Wallis test. LAP = lipid accumulation product; VAI = visceral adiposity index; CVAI = Chinese visceral adiposity index; WTI = waist triglyceride index; CMI = cardiometabolic index; GC = gastric cancer; Q1 = 1st Quartile; Q3 = 3rd Quartile.



2.3新型肥胖相关指标与胃癌及癌前病变/疾病的无序多分类logistic回归分析  
纳入单因素分析有意义的变量后，无序多分类logistic结果显示，与Q1组相比，LAP和CVAI的Q4组患癌前疾病的风险分别降低13.6%（OR=0.864, 95%CI: 0.761~0.981）和16.1%（OR=0.839, 95%CI: 0.736~0.957）；CMI的Q4组患GC的风险是Q1组的3.262倍（OR=3.262, 95%CI: 1.133~9.397）。此外，LAP、VAI、CVAI和CMI每增加一个标准差，癌前疾病的风险分别降低5.1%（OR=0.949, 95%CI: 0.905~0.994）、5.1%（OR=0.949, 95%CI: 0.904~0.995）、6.2%（OR=0.938, 95%CI: 0.896~0.983）和4.9%（OR=0.951, 95%CI: 0.906~0.998）。见表3。



	Table 3 Multinomial logistic regression analysis of novel obesity-related indices with gastric cancer and precancerous lesions/diseases

	Variable
	Precancerous diseases 
	
	Precancerous lesions 
	
	GC

	
	(n=3382)
	
	(n=180)
	
	(n=44)

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

	LAP
	
	
	
	
	
	
	
	

	Q1 (<20.50)
	1.000
	
	
	1.000
	
	
	1.000
	

	Q2 (20.50~)
	0.146
	0.912 (0.805~1.033)
	
	0.750
	0.932 (0.607~1.433)
	
	0.517
	1.342 (0.551~3.268)

	Q3 (36.11~)
	0.778
	0.982 (0.867~1.113)
	
	0.775
	0.938 (0.606~1.453)
	
	0.507
	1.358 (0.549~3.360)

	Q4 (≥60.06)
	0.024
	0.864 (0.761~0.981)
	
	0.774
	1.065 (0.693~1.638)
	
	0.602
	1.281 (0.505~3.246)

	LAP z-score
	0.028
	0.949 (0.905~0.994)
	
	0.679
	1.031 (0.891~1.193)
	
	0.885
	1.020 (0.783~1.327)

	VAI
	
	
	
	
	
	
	
	

	Q1 (<1.19)
	1.000
	
	
	1.000
	
	
	1.000
	

	Q2 (1.19~)
	0.604
	0.968 (0.854~1.096)
	
	0.730
	0.929 (0.610~1.413)
	
	0.147
	1.919 (0.795~4.631)

	Q3 (1.94~)
	0.448
	0.952 (0.840~1.080)
	
	0.796
	0.945 (0.615~1.451)
	
	0.520
	1.373 (0.523~3.609)

	Q4 (≥3.12)
	0.325
	0.938 (0.826~1.066)
	
	0.868
	0.963 (0.620~1.497)
	
	0.094
	2.188 (0.875~5.475)

	VAI z-score
	0.032
	0.949 (0.904~0.995)
	
	0.590
	0.950 (0.789~1.144)
	
	0.964
	1.006 (0.774~1.309)

	CVAI
	
	
	
	
	
	
	
	

	Q1 (<73.82)
	1.000
	
	
	1.000
	
	
	1.000
	

	Q2 (73.82~)
	0.703
	1.025 (0.905~1.160)
	
	0.280
	0.777 (0.492~1.227)
	
	0.804
	0.869 (0.286~2.638)

	Q3 (96.81~)
	0.130
	0.906 (0.798~1.029)
	
	0.442
	0.842 (0.543~1.305)
	
	0.269
	1.696 (0.664~4.329)

	Q4 (≥119.30)
	0.009
	0.839 (0.736~0.957)
	
	0.474
	0.856 (0.560~1.309)
	
	0.439
	1.445 (0.569~3.670)

	CVAI z-score
	0.007
	0.938 (0.896~0.983)
	
	0.332
	0.928 (0.798~1.079)
	
	0.267
	1.189 (0.876~1.614)

	WTI
	
	
	
	
	
	
	
	

	Q1 (<90.00)
	1.000
	
	
	1.000
	
	
	1.000
	

	Q2 (90.00~)
	0.432
	1.051 (0.929~1.189)
	
	0.193
	0.741 (0.472~1.163)
	
	0.122
	2.084 (0.822~5.285)

	Q3 (135.68~)
	0.913
	1.007 (0.889~1.141)
	
	0.828
	0.955 (0.628~1.451)
	
	0.224
	1.801 (0.698~4.642)

	Q4 (≥205.04)
	0.389
	0.946 (0.833~1.074)
	
	0.933
	1.018 (0.668~1.553)
	
	0.528
	1.384 (0.504~3.796)

	WTI z-score
	0.062
	0.957 (0.913~1.002)
	
	0.772
	1.022 (0.882~1.185)
	
	0.930
	0.987 (0.740~1.316)

	CMI
	
	
	
	
	
	
	
	

	Q1 (<0.38)
	1.000
	
	
	1.000
	
	
	1.000
	

	Q2 (0.38~)
	0.892
	0.992 (0.876~1.122)
	
	0.561
	1.131 (0.746~1.715)
	
	0.081
	2.591 (0.890~7.539)

	Q3 (0.62~)
	0.327
	0.940 (0.830~1.064)
	
	0.234
	0.758 (0.480~1.196)
	
	0.088
	2.544 (0.871~7.430)

	Q4 (≥1.03)
	0.171
	0.915 (0.806~1.039)
	
	0.855
	1.041 (0.677~1.600)
	
	0.028
	3.262 (1.133~9.397)

	CMI z-score
	0.042
	0.951 (0.906~0.998)
	
	0.654
	0.961 (0.808~1.144)
	
	0.907
	1.013 (0.816~1.257)


Note: LAP = lipid accumulation product; VAI = visceral adiposity index; CVAI = Chinese visceral adiposity index; WTI = waist triglyceride index; CMI = cardiometabolic index; GC = gastric cancer; OR = odds ratio; CI = confidence interval.



2.4新型肥胖相关指标与不同部位胃癌及癌前病变/疾病的无序多分类logistic回归分析  
分层分析时采用互斥入组：分析贲门相关结局时，剔除所有合并非贲门病变的个体；分析非贲门相关结局时，剔除所有合并贲门病变的个体。将总人群中有统计学意义的NORI分别纳入分层无序多分类Logistic回归模型进行探索性分析。结果显示，VAI和CVAI每增加一个标准差，非贲门部位癌前疾病的患病风险分别降低4.9%（OR=0.951, 95%CI: 0.905~0.999）和5.9%（OR=0.941, 95%CI: 0.896~0.989）。与Q1组相比，CVAI的Q4组患非贲门部位癌前疾病的风险降低16.0%（OR=0.840, 95%CI: 0.732~0.965）。此外，CMI每增加一个标准差，贲门部位GC发生风险上升18.9%（OR=1.189, 95%CI: 1.007~1.402）。见表4。


	Table 4 Multinomial logistic regression analysis of novel obesity-related indices with gastric cancer and precancerous lesions/diseases by anatomical site

	Variable
	Non-cardia
	
	Cardia

	
	Precancerous diseases  (n=2942)
	Precancerous lesions (n=110)
	GC (n=18)
	
	Precancerous diseases  (n=231)
	Precancerous lesions (n=48)
	GC (n=12)

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

	LAP
	
	
	
	
	
	
	
	
	
	
	
	
	

	Q1 (<20.50)
	1.000
	
	1.000
	
	1.000
	
	
	1.000
	
	1.000
	
	1.000
	

	Q2 (20.50~)
	0.226
	0.923 (0.811~1.051)
	0.778
	0.923 (0.528~1.612)
	0.381
	1.901 (0.452~7.991)
	
	0.836
	0.961 (0.661~1.397)
	0.716
	1.128 (0.589~2.162)
	0.402
	1.770 (0.466~6.730)

	Q3 (36.11~)
	0.800
	0.983 (0.863~1.120)
	0.888
	1.041 (0.597~1.813)
	0.369
	1.944 (0.455~8.304)
	
	0.837
	1.040 (0.719~1.504)
	0.155
	0.584 (0.278~1.226)
	0.231
	2.224 (0.601~8.236)

	Q4 (≥60.06)
	0.072
	0.885 (0.774~1.011)
	0.710
	1.111 (0.639~1.929)
	0.920
	0.917 (0.170~4.948)
	
	0.078
	0.690 (0.457~1.042)
	0.751
	0.895 (0.449~1.781)
	0.356
	1.850 (0.501~6.829)

	LAP z-score
	0.070
	0.956 (0.910~1.004)
	0.949
	1.006 (0.834~1.214)
	0.604
	0.848 (0.456~1.580)
	
	0.124
	0.874 (0.735~1.038)
	0.485
	1.075 (0.878~1.317)
	0.095
	1.207 (0.968~1.505)

	VAI
	
	
	
	
	
	
	
	
	
	
	
	
	

	Q1 (<1.19)
	1.000
	
	1.000
	
	1.000
	
	
	1.000
	
	1.000
	
	1.000
	

	Q2 (1.19~)
	0.429
	0.949 (0.833~1.081)
	0.450
	0.801 (0.451~1.423)
	0.181
	2.673 (0.633~11.281)
	
	0.243
	1.249 (0.860~1.816)
	0.382
	1.328 (0.703~2.512)
	0.516
	1.481 (0.453~4.836)

	Q3 (1.94~)
	0.350
	0.939 (0.824~1.071)
	0.288
	1.325 (0.789~2.224)
	0.420
	1.915 (0.395~9.295)
	
	0.580
	1.116 (0.756~1.648)
	0.143
	0.554 (0.252~1.222)
	0.918
	1.071 (0.291~3.946)

	Q4 (≥3.12)
	0.257
	0.926 (0.810~1.058)
	0.848
	0.946 (0.533~1.678)
	0.213
	2.677 (0.569~12.590)
	
	0.959
	1.011 (0.672~1.520)
	0.865
	1.062 (0.532~2.119)
	0.159
	2.214 (0.733~6.682)

	VAI z-score
	0.047
	0.951 (0.905~0.999)
	0.709
	0.960 (0.773~1.192)
	0.710
	0.884 (0.461~1.695)
	
	0.318
	0.913 (0.765~1.091)
	0.780
	0.959 (0.714~1.287)
	0.427
	1.113 (0.855~1.449)

	CVAI
	
	
	
	
	
	
	
	
	
	
	
	
	

	Q1 (<73.82)
	1.000
	
	1.000
	
	1.000
	
	
	1.000
	
	1.000
	
	1.000
	

	Q2 (73.82~)
	0.760
	1.020 (0.896~1.162)
	0.507
	0.819 (0.453~1.479)
	0.682
	1.466 (0.235~9.128)
	
	0.280
	1.240 (0.840~1.832)
	0.692
	0.871 (0.440~1.724)
	0.759
	1.255 (0.293~5.379)

	Q3 (96.81~)
	0.130
	0.902 (0.789~1.031)
	0.951
	1.017 (0.584~1.771)
	0.402
	2.044 (0.384~10.867)
	
	0.975
	1.006 (0.672~1.508)
	0.365
	0.721 (0.355~1.463)
	0.454
	1.647 (0.446~6.083)

	Q4 (≥119.30)
	0.014
	0.840 (0.732~0.965)
	0.924
	0.973 (0.558~1.697)
	0.417
	1.975 (0.382~10.222)
	
	0.612
	0.900 (0.598~1.354)
	0.129
	0.582 (0.290~1.170)
	0.487
	1.584 (0.433~5.803)

	CVAI z-score
	0.015
	0.941 (0.896~0.989)
	0.692
	0.961 (0.788~1.171)
	0.707
	1.098 (0.675~1.787)
	
	0.556
	0.960 (0.836~1.101)
	0.427
	0.893 (0.675~1.181)
	0.425
	1.296 (0.686~2.451)

	CMI
	
	
	
	
	
	
	
	
	
	
	
	
	

	Q1 (<0.38)
	1.000
	
	1.000
	
	1.000
	
	
	1.000
	
	1.000
	
	1.000
	

	Q2 (0.38~)
	0.798
	0.983 (0.865~1.118)
	0.892
	1.038 (0.603~1.790)
	0.236
	2.761 (0.515~14.815)
	
	0.609
	1.106 (0.753~1.623)
	0.857
	1.064 (0.540~2.095)
	0.366
	1.846 (0.488~6.983)

	Q3 (0.62~)
	0.275
	0.930 (0.817~1.059)
	0.383
	0.770 (0.428~1.384)
	0.151
	3.382 (0.641~17.837)
	
	0.263
	1.240 (0.851~1.806)
	0.494
	0.782 (0.387~1.581)
	0.515
	1.571 (0.404~6.116)

	Q4 (≥1.03)
	0.160
	0.909 (0.796~1.038)
	0.431
	1.240 (0.726~2.118)
	0.294
	2.530 (0.447~14.305)
	
	0.465
	0.858 (0.570~1.293)
	0.438
	0.756 (0.372~1.534)
	0.143
	2.558 (0.727~8.998)

	CMI z-score
	0.065
	0.954 (0.907~1.003)
	0.851
	0.982 (0.809~1.191)
	0.734
	0.900 (0.492~1.649)
	
	0.320
	0.913 (0.764~1.092)
	0.689
	0.943 (0.707~1.258)
	0.041
	1.189 (1.007~1.402)


Note: LAP = lipid accumulation product; VAI = visceral adiposity index; CVAI = Chinese visceral adiposity index; WTI = waist triglyceride index; CMI = cardiometabolic index; GC = gastric cancer; OR = odds ratio; CI = confidence interval. For exploratory stratified analysis without univariate variable screening in advance, multinomial logistic regression model was adjusted for gender, age (continuous), residence, marital status, educational level, household size, annual average household income, smoking, alcohol drinking, tea drinking, adequate intake of vegetables and fruits, livestock meat and products, pickled food, irregular diet, deep-fried food, leftover food, moldy food, fast eating speed, high-salt diet, spicy food, physical activity frequency, family history of cancer, family history of chronic diseases, Hp infection, history of gastric diseases, and medication history.



3 讨 论
本研究发现，LAP、VAI、CVAI和CMI水平的升高会显著降低癌前疾病的风险。当前有关癌前疾病与肥胖相关指标关联的研究结果尚不统一[26-29]。一项纳入142832名韩国成年人的回顾性队列研究显示，肥胖与萎缩性胃炎和肠上皮化生的发病率增加独立相关[26]。另一项针对癌前病变构建和验证预测模型的研究显示，BMI是癌前病变的独立预测因子之一[27]。相反，日本的一项研究显示，BMI与萎缩性胃炎存在负相关[28]，与本研究结果一致。在耶路撒冷的一项横断面研究中，则未发现肥胖与萎缩性胃炎存在显著关联[29]。分析NORI产生保护效应可能的原因如下：一方面，这可能与肥胖人群的营养状况相关。脂肪组织能够储存并释放参与胃黏膜修复的脂溶性维生素E和D（具有较好的抗氧化和抗炎效果）[30, 31]。同时，低体脂人群更可能处于营养不良状态，导致胡萝卜素、维生素C等有利于胃部健康的抗氧化营养素摄入不足[32]。另一方面，这还可能与反向因果偏倚相关。饥饿素是调节食物摄入的关键激素[33]。癌前疾病患者肥胖程度较轻可能是胃萎缩导致饥饿素生成减少从而进食量下降的结果[34]。此外，萎缩性胃炎还会通过胃酸分泌减少、消化吸收功能下降[35]、不良心理状态[36]等途径导致体重减轻。
与既往研究结果一致[17]，本研究发现VAI和CVAI对癌前疾病的保护作用多局限于非贲门部位，在贲门部位未观察到显著关联。与既往研究不同的是，本研究明确该保护效应仅作用于癌前疾病，并未对GC及癌前病变表现出保护效应。此外，本研究还发现，CMI的Q4水平是GC的风险因素，且该风险效应主要集中于贲门部位，与既往研究结果一致[14-16]。CMI是基于腰高比和脂质代谢指标（TG和HDL-C）构建的指标，可综合反映内脏脂肪蓄积和脂质代谢异常的双重影响。现有研究证实，CMI与代谢综合征[37]、心血管风险因素[22]、动脉粥样硬化[38]等密切相关。贲门癌作为GC的重要亚型，CMI升高可能通过多种机制增加贲门癌发生风险。一方面，较高的CMI水平常伴随更严重的内脏肥胖，可加重胃食管反流病的发生与进展，进而间接升高贲门癌风险[15]。另一方面，内脏肥胖还与脂联素分泌减少、瘦素表达上升、胰岛素抵抗加剧以及诱导机体处于慢性低度炎症状态相关，上述因素可协同发挥促癌作用[39]。此外，本研究显示，CMI作为连续变量时与癌前疾病风险呈负相关（OR=0.951,95%CI: 0.906~0.998）。但进一步按四分位数分析发现，CMI处于最高水平（Q4）时则成为GC的危险因素，提示CMI与胃部病变可能存在非线性关联。
本研究利用筛查大数据，系统探索了NORI与胃部疾病的关联，并分析了关联在不同疾病部位的异质性。所有数据均严格依照既定的技术方案执行，确保了数据质量。然而，本研究仍存在一定局限性：首先，本研究为横断面研究，无法明确各NORI与胃部疾病的时序关联，亦不能确立二者因果关联，未来需通过前瞻性队列研究进一步验证本研究结论；其次，本研究仍存在部分未测量的混杂因素，无法完全排除其对研究结果的潜在干扰；最后，本研究中GC样本量较少，可能导致统计效能不足，特别是在分层分析时，部分潜在关联可能未被检出，结论的稳定性需更大样本量研究进行验证。
综上所述，LAP、VAI、CVAI及CMI是癌前疾病的独立保护因素，其中VAI和CVAI的保护效应在非贲门部位尤为显著。然而，高水平CMI会增加GC的患病风险，且这一风险效应主要体现在贲门部位。
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