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Abstract 

Background  The diagnostic criteria for abdominal obesity are usually waist circumference or waist-to-hip ratio. 
The magnitude of the risks for cancers of the digestive system and abdominal obesity is unknown. To assess 
whether abdominal obesity increases the risk of digestive cancer, we conducted a systematic review and meta-analy-
sis of prospective cohort studies in a database.

Methods  PubMed, Embase, and Web of Science databases were searched from their inception to December 2022. 
The 9-star Newcastle Ottawa Scale was used to assess  study quality. Pooled relative risks and 95% confidence inter-
vals were calculated using fixed or random effect models respectively. The stability of the results was explored by one-
by-one exclusion. Subgroup analysis was conducted to explore sources of heterogeneity. Publication bias was evalu-
ated by Begg’s and Egger’s tests.

Results  A total of 43 cohort studies were included. There were 42 and 31 studies in the meta-analysis of waist cir-
cumference and waist-to-hip ratio on digestive system cancer, respectively. The results of the meta-analysis revealed 
that the greater waist circumference and waist-to-hip ratio were correlated with increased incidence of digestive 
system cancers: waist circumference: RR 1.48, 95% CI 1.38-1.59, p < 0.001; waist-to-hip ratio: RR 1.33, 95% CI 1.28-1.38, 
p = 0.001. Subgroup analysis by cancer type showed that higher WC and WHR would increase the prevalence of LC, 
PC, GC, EC, and CRC. The sensitivity analysis was conducted by a one-by-one elimination method, and the results 
of the meta-analysis remained stable. It is proved that the results were robust by the trim-and-fill method.

Conclusions  There was evidence to suggest that abdominal obesity increased the incidence of digestive cancer, 
it is necessary to take appropriate measures to reduce abdominal obesity. Waist circumference and waist-to-hip 
ratio may be better predictors of digestive system cancers. However, the association between waist circumfer-
ence and digestive system cancer was greater, so more attention should be paid to measuring abdominal obesity 
with waist circumference.
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Introduction
Obesity can lead to many chronic diseases such as dia-
betes, atherosclerosis, tumors, and hypertension. In 
recent years, obesity has become a growing global public 
health problem. Epidemiological researches suggest that 
obesity increases the risk of a variety of tumors, most 
of which are digestive system tumors [1]. Digestive sys-
tem cancer (DSC), which mainly includes cancer of the 
stomach, esophagus, liver, pancreas, and colorectum, has 
been the main cause of death in the world [2]. In 2022, it 
is predicted that there will be 1,918,030 cancer cases in 
the United States, including 343,040 cancers related to 
the digestive system [3]. According to cancer statistics in 
2020, colorectal cancer (CRC), gastric cancer (GC), liver 
cancer (LC), and esophageal cancer (EC) are among the 
top 10 major cancers in the world. There were 604,000 
new cases of EC, more than 1.0  million cases of GC, 
906,000 new cases of LC, and 1.9  million new cases of 
CRC [4]. Therefore, the risk factors of DSC have received 
more and more attention.

A lot of observational studies indicate that the abdomi-
nal obesity may be more likely to predict the risk of 
chronic diseases than body mass index (BMI) [5–8]. 
Moreover, a large number of studies have shown that 
abdominal obesity is closely related to DSC. A case-con-
trol study showed that abdominal obesity increased the 
risk of EC and GC, independent of BMI [9]. Studies by 
Maina and colleagues using Mendelian randomization 
analyses have shown that abdominal obesity as meas-
ured by waist-to-hip ratio (WHR) is a more important 
etiologic risk factor for PC than overall obesity [10]. In 
a 7-year prospective cohort study of nearly 22.9 million 
Korean adults, abdominal obesity as measured by Waist 
circumference (WC) increased the incidence of cancer in 
various parts of the digestive tract [11]. In the compre-
hensive evaluation of obesity-related digestive diseases, 
the Nam found that abdominal visceral obesity increased 
a series of DSC, such as PC, LC, CRC, and EC [12]. In a 
study of 33,230 men followed for 14.4 years by Matthews 
and colleagues, abdominal obesity was strongly associ-
ated with an increased risk of DSC [13]. Whether abdom-
inal obesity is associated with overall DSC. Studies on the 
mechanism of adipose tissue and DSC have shown that 
adipose tissue is a highly heterogeneous endocrine tissue 
that can promote metabolic and inflammatory responses. 
DSC grew anatomically near the adipose tissue. When 
adipocytes interact with cancer cells, they may dediffer-
entiate into preadipocytes or cancer-associated adipo-
cytes. These differentiated adipocytes secrete adipokines 
that stimulate tumor cell adhesion, migration, and inva-
sion [14].

Previous meta-analysis found that abdominal obesity 
increased the incidence of PC, LC, GC, EC and CRC 

[15–18]. However, in a meta-analysis of abdominal obe-
sity and PC [15], the incidence of PC was not studied for 
WC and WHR in the highest category compared with 
WC and WHR in the lowest category. Meta-analysis 
about LC [16] only investigated WC, and the combined 
results of retrospective and prospective studies were 
used in the same analysis. Retrospective studies may have 
recall bias, so the results are not as stable as prospective 
cohort studies. Meta-analysis of GC, EC, and CRC did 
not include the latest prospective cohort studies [17, 18].

Although abdominal obesity has been consistently 
associated with an increased risk of DSC, individual stud-
ies often do not have enough persuasive power. Moreo-
ver, no comprehensive meta-analysis has summarized 
the magnitude of the association between abdominal 
obesity and DSC. WC and WHR are the indicators used 
to measure abdominal obesity [19]. Therefore, the objec-
tive of our systematic review and meta-analysis was to 
further comprehensively understand and quantitatively 
assess the association between DSC and abdominal obe-
sity defined by WC and WHR. The clinical significance 
of our meta-analysis has two main aspects. In the first 
aspect, comprehensively explore the correlation between 
abdominal obesity and the incidence of DSC, and posi-
tively affect the intervention measures to provide refer-
ence for reducing the incidence of DSC. Secondly, finding 
out which of WC or WHR is more relevant to DSC in 
order to better measure abdominal obesity in clinical 
practice for the prevention of DSC.

Methods
Search strategy
Our systematic review and meta-analysis was conducted 
about Preferred Reporting Items for Systematic Reviews 
and Meta-analyses (PRISMA) guidelines [20]. Two inde-
pendent researchers (XL and YL) searched the Web of 
Science, PubMed, and Embase databases from their 
inception to December 2022. In case of any disagreement, 
it will be settled by discussing or negotiating with a third 
person (KW). Retrieved the relevant literature in the 
database and used the following search terms: (abdomi-
nal obesity OR central obesity OR obese OR abdominal 
adiposity OR obesity OR abdominal fat OR waist-to-hip 
ratio OR waist-hip ratio OR waist circumference OR 
abdominal adiposity measures OR adiposity measures) 
AND (digestive system cancer OR stomach neoplasm 
OR gastric neoplasm OR cancer of stomach OR gastric 
cancer OR stomach cancer OR cancer of the stomach 
OR esophageal neoplasm OR esophagus neoplasm OR 
cancer of esophagus OR esophagus cancer OR esopha-
geal cancer OR liver neoplasm OR hepatic neoplasm OR 
cancer of liver OR hepatocellular cancer OR hepatic can-
cer OR liver cancer OR cancer of the liver OR pancreatic 
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neoplasm OR pancreas neoplasm OR cancer of pancreas 
OR pancreas cancer OR pancreatic cancer OR colorec-
tal neoplasm OR colorectal tumor OR colorectal cancer 
OR colorectal carcinoma OR colonic neoplasm OR colon 
neoplasm OR cancer of colon OR colon cancer OR can-
cer of the colon OR colonic cancer OR colon adenocar-
cinoma OR rectal neoplasm OR rectum neoplasm OR 
rectal tumor OR cancer of rectum OR rectal cancer OR 
rectum cancer OR cancer of the rectum) AND (prospec-
tive cohort OR follow up). Search strategies were not 
limited by language, publication time, or article type. We 
also searched for relevant comments or references to find 
other studies that meet the requirements.

Study selection
The inclusion of the research contains all the require-
ments showed below: (a) prospective cohort study; (b) 
the diagnostic criteria for abdominal obesity were WC 
and/or WHR; (c) the results were measured in the inci-
dence of DSC; (d) relative risk (RR) or hazard ratio (HR) 
with 95% confidence interval (CI) were available.

Any of the following criteria shall be excluded: (a) the 
outcomes were recurrence and mortality rates of diges-
tive cancers; (b) the study could not provide complete 
data; (c) WC and/or WHR did not compare high and low 
categories.

Data extraction and quality assessment
Two researchers independently screened the literature 
(XL and YL). In case of any disagreement, it will be set-
tled by discussing or negotiating with a third person 
(KW). From the literature searched in the database, 
duplicate literature was first removed. Second, the title, 
abstract and literature type of the articles were scanned, 
and other studies unrelated to the topic were excluded. 
Finally, the remaining literature was screened by carefully 
reading the full text, and literature studies were identified 
for inclusion and analysis.

Two researchers (XL and YL) conducted data extracted, 
quality assessed, and cross-checked. In case of any disa-
greement, it will be settled by discussing or negotiat-
ing with a third person (KW). Standard data extraction 
tables were used to extract data from each study, the data 
included the last name of the first author, year of publica-
tion, country, duration of follow-up, gender of the group, 
age of the group, the total number of people included, the 
number of cases occurred, measurement of abdominal 
obesity, risk effect values and 95% CI after adjustment for 
confounding factors. Study quality was assessed using the 
9-star Newcastle Ottawa Scale (NOS) [21]. According to 
quality criteria, each study was judged on the selection 
of the study group (4 stars), comparability of the groups 
(2 stars), and quality of the outcome (3 stars) for a total 

score of 9 stars. Studies with a score of 7 or more were 
considered adequately conducted.

Data analysis
In this study, RR was used as the effect analysis statistic 
for dichotomous variables, and 95% CI was provided for 
each effect size. And HR was directly considered as RR 
[22]. We used of Q test and I² to evaluate the heterogene-
ity of studies. For the Q statistic, p < 0.10 was considered 
statistically significant. When I² =0, it indicates that no 
heterogeneity is observed, and the greater the I² statistic, 
the greater the heterogeneity. The low, medium and high 
degree of heterogeneity were represented by I² statistics 
of 25%, 50% and 75%, respectively. If I² > 50%, there is 
obvious heterogeneity [23]. When I² < 50%, meta-analysis 
was carried out using a fixed effect model; otherwise, the 
random effect model was used [24]. If30tistical hetero-
geneity exists among studies, subgroup analysis can be 
better to analyze the origin of heterogeneity [17]. Sensi-
tivity analysis was carried out by the one-by-one elimi-
nation method. The publication bias of the studies was 
estimated by Egger’s test and Begg’s test [25]. If there 
were publication bias between studies, the trim-and-fill 
method was used to further evaluate [26]. In order to bet-
ter reduce the selection bias and bias in the process of 
data extraction, two researchers were selected to retrieve 
and extract data at the same time, and a third person was 
needed to control the bias in case of different opinions. 
STATA software, version 15.0. was used for all statistical 
analyses in this study. For statistical significance, the two-
tailed p-value was less than 0.05.

Results
Study selection
Five thousand sixty-five​​ records were searched from 
the databases, 2002 duplicate records were deleted, and 
2782 records that were inconsistent with the theme 
were excluded through reading the abstract and title. 
281 records were included in the preliminary screen-
ing. Records from 47 non-prospective cohort studies 
were rejected after reading the full text, 133 records with 
inconsistent outcome indicators were excluded, and 58 
records lacked complete data. Read the full text care-
fully as requested, a total of 43 qualified studies [27–69] 
were finally included. There were 42 and 31 studies in the 
meta-analysis of WC and WHR on DSC respectively. The 
flow chart of study selection is shown in Fig. 1.

Study characteristics
All the studies were prospective cohort studies pub-
lished between 1997 and 2022. Most of the research 
came from the United States, Europe, and China. Results 
of all studies were regulated for a series of hidden risk 
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factors, including age, gender, education level, alcohol 
consumption, smoking, and so on. A total of 25,745,153 
people were incorporated into the study on the associa-
tion between WC and DSC, including 103,590 patients 
with DSC. A total of 7,805,792 people were incorporated 
into the study on the association between WHR and 
DSC, including 29,435 patients with DSC. Table 1 shows 
the general features of the contained studies. Literature 
quality was assessed by 9-star NOS, all studies reached a 
score of ≥ 7 (Table 2).

WC and DSC
We included 42 studies in our meta-analysis for the asso-
ciation between WC and DSC risk. The forest plot is pre-
sented in Fig. 2, a higher WC can increase the incidence 
of DSC by 48% (RR 1.48, 95% CI 1.38–1.59, p < 0.001). A 
random-effects model was applied due to the remaining 
heterogeneity among the studies (I2 = 70.7%, p < 0.001). 
Subgroup analysis better identified the relationship 
between WC and the risk of DSC (Figures S1-S3). When 
stratified by region, associations were presented in all 

subgroups: North America, RR 1.54, 95% CI 1.39–1.71, 
p = 0.009; Europe, RR 1.38, 95% CI 1.29–1.48, p = 0.713; 
Asia, RR 1.52, 95% CI 1.26–1.84, p < 0.001; Oceania, 
RR 1.51, 95% CI 1.22–1.87, p = 0.345. When stratified 
by cancer type, the risk increased in all subgroups: PC, 
RR 1.33, 95% CI 1.16–1.53, p = 0.730; LC, RR 1.71, 95% 
CI 1.58–1.84, p = 0.762; GC, RR 1.29, 95% CI 1.08–1.54, 
p = 0.155; EC, RR 1.52, 95% CI 1.20–1.92, p = 0.362; 
CRC, RR 1.45, 95% CI 1.34–1.56, p = 0.010. There was no 
marked heterogeneity among subgroups, and cancer type 
may be the source of heterogeneity. In stratified analyses 
for publication year, there were all significant risk asso-
ciations: before the 2010 year, RR 1.45, 95% CI 1.33–1.58, 
p = 0.299; after the 2010 year, RR 1.47, 95% CI 1.35–1.62, 
p < 0.001.

We further performed a sensitivity analysis to assess 
the reliability of the included articles by excluding each 
article individually (Fig. 3). When we excluded any stud-
ies, we did not find a clear difference, implying that the 
included studies were stable. Publication bias was shown 
in Egger’s test (p < 0.05), but was not evident in Begg’s test 

Fig. 1  The flow chart of study selection
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(p = 0.368). Therefore, we evaluated the stability of the 
results by trim-and-fill method, as shown in Figure S4. 
The trim-and-fill method resulted in an adjusted effect 

size of 1.24 (95% CI 1.15–1.34) after filling 21 studies. It 
showed that publication bias had little influence and the 
results were robust.

Table 2  Quality assessment according to the nine-star Newcastle-Ottawa Scale (NOS)

Study Selection Comparability Outcome Total stars

1 2 3 4 5 6 7 8 9

Stolzenberg (2008) [27] * * - * * * - * * 7

Berrington (2006) [28] * * - * * * * * * 8

Luo (2008) [29] - * * * * * * * * 8

Larsson (2005) [30] * * - * * * * * * 8

Arthur (2018) [31] - * * * * * * * * 8

Andersson (2016) [32] * * - * * * * * - 7

Song (2022) [33] * * - * * * * * - 7

Campbell (2016) [35] * * - * * * * * * 8

Li (2022) [36] * * * * * * * * * 9

Wei (2018) [37] - * * * * * - * * 7

Pang (2019) [38] * * * * * * * * * 9

Schlesinger (2013) [39] * * * * * * * * * 9

Li (2021) [40] * * * * * * * * * 9

Florio (2020) [41] * * - * * * - * - 8

Steffen (2015) [42] * * * * * * * * * 9

O’Doherty (2012) [43] - * - * * * * * * 7

Lin (2015) [44] * * * * * * * * * 9

Sanikini (2020) [45] - * * * * * * * * 8

Choi (2021) [46] - * - * * * * * * 7

Hwang (2021) [34] - * - * * * * * * 7

Wang (2008) [47] * * - * * * * * * 8

Moore (2004) [48] * * * * * * * * - 8

Maclnnis (2004) [49] * * * * * * - * * 8

Maclnnis (2006) [50, 51] * * * * * * - * * 8

Maclnnis (2006) [50, 51] * * * * * * - * * 8

Pischon (2006) [52] * * * * * * - * * 8

Oxentenko (2010) [53] * * - * * * * * * 8

Li (2013) [54] * * * * * * * * * 9

Andreasson (2019) [55] * * * * * * * * - 8

Larsson (2006) [56] * * - * * * * * * 8

Park (2012) [57] * * - * * * * * - 8

Martinez (1997) [58] - * - * * * * * * 7

Giovannucci (1995) [59] * * - * * * - * * 7

Kabat (2015) [60] - * * * * * * * * 8

Folsom (2000) [61] * * * * * * - * * 8

Keimling (2013) [62] * * - * * * * * * 8

Schoen (1999) [63] - * - * * * * * * 7

Ahmed (2006) [64] * * * * * * - * * 8

Ortega (2017) [65] * * * * * * * * * 9

Lu (2016) [66] * * - * * * - * * 7

Tran (2022) [67] * * * * * * - * * 8

Wong (2019) [68] * * - * * * * * * 8

Song (2016) [69] - * - * * * * * * 7
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WHR and DSC
We included 31 studies in our meta-analysis for the 
association between WHR and DSC risk. The forest plot 
is presented in Fig.  4, a higher WHR can increase the 
incidence of DSC by 33% (RR 1.33, 95% CI 1.28–1.38, 
p = 0.001). The fixed effects model was used because 

there was no significant heterogeneity between studies 
(I2 = 49.7%, p = 0.001). Subgroup analyses better defined 
the relationship between WHR and the risk of different 
cancer types of the digestive system. When stratified by 
cancer type, the risk increased in all subgroups: PC, RR 
1.42, 95% CI 1.24–1.63, p = 0.360; LC, RR 1.22, 95% CI 

NOTE: Weights are from random effects analysis

Overall  (I-squared = 70.7%, p = 0.000)
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Fig. 2  Meta-analysis of WC and risk of DSC
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1.13–1.32, p = 0.833; GC, RR 1.40, 95% CI 1.12–1.75, 
p = 0.075; EC, RR 1.60, 95% CI 1.23–2.09, p = 0.047; 
CRC, RR 1.36, 95% CI 1.29–1.43, p = 0.001 (Figure S5). 
We further performed a sensitivity analysis to assess 
the reliability of the included articles by excluding each 
article individually (Fig.  5). When we excluded any 
studies, we did not find a clear difference, implying that 
the included studies were stable. Publication bias was 
shown in Egger’s test (p < 0.05), but was not evident in 
Begg’s test (p = 3.23). Therefore, we evaluated the sta-
bility of the results by trim-and-fill method, as shown 

in Figure S6. The trim-and-fill method resulted in an 
adjusted effect size of 1.31 (95% CI 1.22–1.41) after fill-
ing 8 studies. It showed that publication bias had little 
influence and the results were robust.

Discussion
In this study, we evaluated whether abdominal obesity 
can increase the hazard of cancer in the digestive sys-
tem by analyzing existing prospective cohort studies. 
The study contained data from 43 cohort studies of DSC. 
Results showed that participants in the highest category 

Fig. 3  Sensitivity analysis of the association between WC and DSC
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of WC and WHR have a marked impact on developing 
DSC than those in the lowest category.

Results of the meta-analysis indicated that higher 
WHR increased the incidence of DSC by 33%, and higher 
WC increased the incidence of DSC by 48%. There was 

a greater association between WC and the risk of DSC 
compared with WHR. Subgroup analysis by region found 
that higher WC would increase the rate of digestive sys-
tem cancer in North America by 54%, in Europe by 38%, 
in Asia by 52%, and in Oceania by 51%. Higher WC will 

Fig. 4  Meta-analysis of WHR and risk of DSC
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increase the incidence of DSC in all regions. Subgroup 
analysis by publication time showed that higher WC is 
consistently related to the incidence of DSC. Subgroup 
analysis by cancer type showed that higher WC and 
WHR would increase the prevalence of LC, PC, GC, EC, 
and CRC. Subgroup analysis showed that WC and WHR 
were closely associated with the risk of different types of 
digestive system cancer. Consistent with the results of 
previous meta-analyses, abdominal obesity increased the 
risk of PC, LC, GC, EC and CRC [15–18].

Numerous epidemiological surveys and studies have 
suggested that obesity raises the danger of many diseases, 
including DSC [70]. A cohort study based on popula-
tion showed that BMI is connected with 17 malignan-
cies, including liver, colon, esophagus, stomach, and 
other digestive systems [71]. Most researchers are com-
mitted to studying the effect of common obesity in some 
malignant tumors, and less attention has been paid to the 

potential harms of abdominal obesity. The mechanism of 
obesity-promoting cancer in different digestive organs 
is different [72–78]. The mechanism of obesity in CRC 
may be that the first obesity provoked the microecologi-
cal imbalance of the gut, resulting in the increase of the 
permeability of the intestinal epithelial cells to the micro-
bial product. So the immune cells that live here secrete 
inflammatory factors that stimulate the growth of colo-
rectal cancer cells. On the other hand, obesity has been 
able to stimulate the intestinal mucosa, allowing food 
metabolites to enter the gut. It causes insulin resistance 
and high blood sugar in the body, which promotes the 
occurrence of tumors [72–74]. One possible mecha-
nism of obesity in pancreatic cancer is that autophagy 
can cause endoplasmic reticulum stress and damage 
to pancreatic cells after cell death, eventually leading to 
inflammation. With metabolic changes and increased 
autophagy, the progression of pancreatic intraepithelial 

Fig. 5  Sensitivity analysis of the association between WHR and DSC
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tumors and pancreatic ductal adenocarcinoma can pro-
mote cell proliferation [76, 77]. Obesity can also promote 
LC along with hepatitis virus infection, leptin, and other 
risk factors [78].

BMI is the traditional indicator of assessing obesity 
in clinical, but it is controversial about the correlation 
between obesity and health risks. Abdominal obesity is 
the main independent dangerous factor for developing 
heart metabolic diseases [79]. WC and WHR represent 
exactly the parameters of abdominal obesity, so they can 
better predict the health risks associated with obesity. In 
predicting high blood pressure and metabolic syndrome, 
an observational study found that WC was significantly 
better than BMI [80]. The trait has been demonstrated in 
postmenopausal women [81]. In addition, available epi-
demiological evidence showed WC and WHR may pre-
dict the risk of cancer than the overall obesity of the BMI 
[37, 39, 48, 49]. The results of the systematic review of 
obesity and cancer risk by De et  al. also suggested that 
abdominal obesity was more likely to predict the risk of 
GC and CRC than BMI [82]. The reason for this may be 
that BMI does not assess the distribution of fat mass, as 
well as not distinguishing whether it is fat mass or mus-
cle mass that causes obesity [17]. Visceral fat can produce 
systemic endocrine effects due to its metabolic activity 
[83]. WC and WHR are considered to be better predic-
tors of cancer development risk. Therefore, although 
some meta-analyses proved a positive connection 
between digestive system cancers and BMI, our meta-
analysis can better explore digestive cancers by using WC 
and WHR.

Strengths and limitations
In our meta-analysis, the expanded sample size, and 
enriched diversity of ethnic and geographic backgrounds 
may improve the ability to find important associations 
and afford more accurate estimations of effect. Prospec-
tive cohort researches were contained in this study, so 
our study was based on high strength of etiological evi-
dence with an important theoretical basis. And it can 
effectively avoid selection bias and recall bias. Almost 
all studies have regulated significant covariants, con-
taining age, gender, educational level, alcohol consump-
tion, smoking, and so on. With the intention of reducing 
the confounding bias as much as possible. And all the 
researches contained in the meta-analysis were of high 
quality assessed by NOS. Therefore, the conclusion of our 
study has high reliability.

However, several limitations should also be consid-
ered in our meta-analysis. Firstly, the studies included 
in this meta-analysis were from different regions and 
races, which may have a high impact on the findings. And 
although estimates were adjusted across studies, different 

variables were used in different studies for adjusted esti-
mates, which may be a source of heterogeneity. Moreo-
ver, due to the observational design of the included 
studies, unmeasured or uncontrolled confounding fac-
tors in the original studies that affected the results may 
bias the pooled estimates. Secondly, most of the research 
did not provide a risk estimate for the changes in the WC 
and WHR changes, it is difficult to exclude the impact of 
WC and WHR changes on the results during follow-up. 
Thirdly, each study defines different boundaries between 
high and low WC and WHR categories, which may lead 
to greater heterogeneity in the results. The fourth limi-
tation is although we clearly show an important effect of 
abdominal obesity on DSC by comparing WC or WHR 
for the highest and lowest categories. However, compar-
ing WC or WHR in the highest category with the lowest 
category may overestimate the effect of abdominal obe-
sity on DSC. Later we may consider a correlation dose 
meta-analysis to precisely characterize the relationship 
between abdominal obesity and DSC. Fifthly, some of the 
original studies did not distinguish between genders and 
age groups, and we could not perform subgroup analyses 
according to the gender and age groups of the sample to 
clarify whether gender age would affect the overall posi-
tive relationship between abdominal obesity and DSC. 
Further studies need to focus on the impact of gender 
differences on this association. Sixthly, WC and WHR 
were self-reported and self-measured in some studies, 
which may be subject to error and affect the association 
between abdominal obesity and DSC. Finally, although 
there was no evidence of publication bias in this study, 
and publication bias remains a concern, we cannot rule 
out such a bias due to the limited number of studies.

Conclusion
This meta-analysis suggests that there is a significant 
positive correlation between WC, WHR and the prev-
alence of digestive cancers. Subgroup analysis showed 
that both WC and WHR were positively associated 
with the incidence of different types of cancers of the 
digestive system. It is necessary to take appropriate 
measures to reduce abdominal obesity. WC and WHR 
may be better predictors of digestive system cancers. 
However, the association between WC and DSC is 
greater, so more attention should be paid to measuring 
abdominal obesity with WC. This study also has limita-
tions and biases. Therefore, more large-scale and high-
quality prospective studies are needed to explore the 
association between abdominal obesity and DSC.
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