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Purpose  Although obesity is associated with numerous diseases, the risks of disease may depend on metabolically healthy status. 
Nevertheless, it is unclear to whether metabolically healthy status affects risk of gastrointestinal (GI) cancer in general Chinese popu-
lation.
Materials and Methods  A total of 114,995 participants who met the criteria were included from the Kailuan Study. The study partici-
pants were divided into four groups according to body mass index (BMI)/waist circumference (WC) and metabolic status. Incident of 
GI cancer (esophageal cancer, gastric cancer, liver cancer, biliary cancer, pancreatic cancer, and colorectal cancer) during 2006-2020 
were confirmed by review of medical records. The Cox proportional hazard regression models were used to assess the association 
metabolically healthy status with the risk of GI cancer by calculating the hazard ratios (HR) and 95% confidence interval (CI).
Results  During a mean 13.76 years of follow-up, we documented 2,311 GI cancers. Multivariate Cox regression analysis showed 
that compared with the metabolically healthy normal-weight group, metabolically healthy obese (MHO) participants demonstrated 
an increased risk of developing GI cancer (HR, 1.54; 95% CI, 1.11 to 2.13) by BMI categories. However, such associations were not 
found for WC category. These associations were moderated by age, sex, and anatomical site of the tumor. Individuals with metabolic 
unhealthy normal-weight or metabolic unhealthy obesity phenotype also have an increased risk of GI cancer.
Conclusion  MHO phenotype was associated with increased risk of GI cancer. Moreover, individuals who complicated by metabolic 
unhealthy status have an increased risk of developing GI cancer. Hence, clinicians should consider the risk of incident GI cancer in 
people with abnormal metabolically healthy status and counsel them about metabolic fitness and weight control.
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Introduction

With the effects of changing lifestyles and an aging popu-
lation, gastrointestinal (GI) cancer has been the leading cause 
of death and major public health problems in China as the 
morbidity and mortality rate increases [1]. According to the 
International Agency for Research on Cancer (IARC) in 2020, 
China has the largest number of incident cancer cases and 
deaths for liver cancer, esophageal cancer, and gastric can-
cer, comprising 1.21 million (two-thirds of the world’s total) 
newly diagnosed cases. Colorectal cancer in China has also 
rapidly risen, accounting for more than 40% of the world’s 
incidence in 2020 [2,3]. Obesity and smoking have been iden-
tified as well-established risk factors for cancer and cancer-
related mortality [4]. It has been estimated that population 
attributable risk of GI cancer increased by 13.08% with high 

body mass index (BMI) in China in 2031 [5]. The situation of 
GI cancer prevention and control in China is not optimistic.

Obesity, which is often accompanied by several meta-
bolic disorders, may mediate the harmful effect on related 
GI cancer through several metabolic pathways [6]. Howev-
er, several studies have recently shown that not all obesity  
individuals were accompanied by obesity-related metabolic  
abnormalities, a different phenotype termed as metabolically 
healthy obese (MHO) [7]. This phenotype was once thought 
to a benign condition and characterized by the absence of 
cardiometabolic abnormalities, including insulin resistance, 
dyslipidemia, and hypertension despite excessive body fat 
accumulation. Previous cohort studies have shown that 
MHO phenotype is associated with a higher risk of cardio-
vascular disease (CVD) or cancer compared with individu-
als with metabolically healthy normal-weight (MHNW), 
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although inconsistent results have also been reported [8,9]. 
Due to the lack of uniform criteria for defining MHO, the 
extent to which metabolically healthy but obese people are 
at a lower risk for cancer or have a lower risk for mortality, 
compared with the rest of obese people, is currently under 
debate. 

BMI, waist circumference (WC), and waist-hip ratio 
(WHR) were used to define general and abdominal obesity 
in clinical practice, respectively. Previous studies found that 
distinct body shape phenotypes were differentially associ-
ated with the risk of overall cancer [10]. Evidence from large, 
prospective studies regarding MHO and risk of GI cancer is 
lacking, especially in the context of high incidence in China. 
In this study, we used data of the Kailuan Study, an ongoing 
prospective cohort, investigated associations of metabolical-
ly healthy obesity with GI cancer risk. We hypothesized that 
these MHO phenotype might have different risk by using 
different criterions for obesity. Furthermore, we examined 
whether the association differed by sex and age.

Materials and Methods

1. Study participants
The data were obtained from a health examination of em-

ployees of the Kailuan Company in the city of Tangshan,  
Hebei Province, north of China. Tangshan is situated about 
90 miles southeast of Beijing and represents the overall Chi-
nese population from a socio-economic perspective. Over the 
past few decades, Kailuan Group has developed a compre-
hensive company managing coal production, machine man-
ufacture, transportation, chemical production, education and 
health care, etc. The Kailuan Study is an ongoing prospec-
tive community-based cohort study conducted in Tangshan, 
China. All participants in the Kailuan Study are employees 
and retirees of the Kailuan Group. Details of the study design 
and procedure have been described elsewhere [11]. At base-

line, 125,246 participants were recruited, underwent clinical 
and laboratory examinations, and completed a question-
naire interview (June 2006 to December 2009) at 11 hospitals  
affiliated with the Kailuan Group. Subsequent examina-
tions involving anthropometric, laboratory examinations, 
and self-reported questionnaires (including educational 
level, smoking, drinking, and so on) occurred approximately  
biennially. Participants were excluded if they had prevalent 
cancer (n=439), or missing data on BMI or WC at baseline 
(n=8,388), or missing data on fasting blood glucose (FBG), 
systolic blood pressure (SBP), diastolic blood pressure, tri-
glyceride (TG), and high density lipoprotein-cholesterol 
(HDL-C) at baseline (n=1,425). Ultimately, a total of 114,995 
participants were enrolled in the present syudy (Fig. 1).

2. Data collection and definitions
Information on demographic and clinical characteristics 

(age, sex, lifestyle, and family history of cancer, etc.) were col-
lected using a self-reported questionnaire, as detailed else-
where [12]. Education level was classified as primary school 
or below, middle school, and high school or above. Smoking 
and drinking status were classified as current or not. Dietary 
salt intake was classified as low (< 6 g/day), intermediate 
(6-12 g/day), and high (> 12 g/day). Active physical exercise 
was defined as “> 4 times per week and 20 minutes at time.” 

Elbow venous blood samples of 5 mL were collected into 
an anticoagulant tube containing EDTA between 7:00-9:00 am 
after overnight fasting for at least 8 hours, and the serum was 
collected after centrifugation at 3,000 ×g for 10 minutes. The 
supernatant was measured within 4 hours. All biochemical 
measurement including TG, HDL-C, low-density lipoprotein 
cholesterol, high-sensitive C-reactive protein (Hs-CRP), FBG, 
etc. was measured on the Hitachi 747 autoanalyzer (Hitachi, 
Tokyo, Japan). 

3. Definition of metabolic health status
Body weight, height, and WC were reported by trained 

Excluded:
- A history of cancer at baseline (n=439)   
- Missing data on BMI, WC, WHR, and WHtR (n=8,388)
- Missing data on FBG, SBP, DBP, TG, and HDL (n=1,425)

A total of 125,246 participants took physical
examination at baseline (2006-2009)

A total of 114,995 participants included in the statistic analysis

Fig. 1.  Flowchart of the study population. BMI, body mass index; DBP, diastolic blood pressure; FBG, fasting blood glucose; HDL, high 
density lipoprotein; SBP, systolic blood pressure; TG, triglyceride; WC, waist circumference; WHR, waist-hip ratio; WHtR, waist-to-height 
ratio.
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nurses according to the standard methods. BMI was calcu-
lated as weight divided by square of height (kg/m2). The 
obesity was defined according to categories of BMI (kg/m2) 
categorized using Chinese standards: normal weight (BMI < 
28 kg/m2), and obese (BMI ≥ 28 kg/m2) [13]. For WC criteria, 
central obesity was defined as WC ≥ 90 cm for males and WC 
≥ 85 cm for females [14].

Metabolic status was defined with reference to the JACC 
Health Promotion Series [15]. Metabolic unhealth status was 
diagnosed by the presence of any one of four components: 
(1) serum TG ≥ 150 mg/dL or drug treatment for elevated 
TG; (2) serum HDL-C < 50 mg/dL in women or < 40 mg/dL 
in men or drug treatment; (3) systolic blood pressure (BP) ≥ 
130 mmHg or diastolic BP ≥ 85 mmHg or drug treatment for 
elevated BP; and (4) FBG ≥ 100 mg/dL or drug treatment for 
elevated FBG. Participants who meet 0 of the four compo-
nents criteria were considered metabolic health status. 

Using the above criteria for obesity and metabolic sta-
tus, participants were categorized into four phenotypes: (1) 
MHNW, (2) MHO, (3) metabolic unhealthy normal-weight 
(MUNW), (4) metabolic unhealthy obesity (MUO). For WC 
criteria, all participants were also classified into four obesity 
phenotypes.

4. Assessment of GI cancer
Follow-up ended at the first record of GI cancer event, 

all-cause death or at the end of follow-up on 31 December 
2021, whichever came first. The types of GI cancer included 
esophageal cancer, gastric cancer, colorectal cancer, biliary 
tract cancer, liver cancer, and pancreatic cancer. We used 
International Classification of Diseases, 10th revision codes 
to identify GI cancer cases (C15 for esophageal cancer, C16 
for gastric cancer, C18-C21 for colorectal cancer, C22 for liver 
cancer, C23-C24 for biliary tract cancer, and C25 for pancre-
atic cancer). In brief, participants with cancer were tracked 
through biennial health examinations and annual searches 
of the Tangshan medical insurance system and the Kailuan  
social security system. Moreover, the outcome information 
was further confirmed by a medical record review performed 
by clinical experts. Information on pathological diagnosis, 
imaging diagnosis (including ultrasonography, computer-
ized tomography, and magnetic resonance imaging), and 
blood biochemical testing were collected to assess incident 
cancer.

5. Statistical analysis
Continuous variables were compared using analysis of 

variance or the Kruskal-Wallis test according to distribution, 
and categorical variables were compared with the chi-square 
test. 

Cumulative incidence rates were estimated by Kaplan-
Meier survival analyses. Cox proportional hazard models 

Table 1.  Baseline characteristics of the study participants according to metabolically healthy phenotypes based on BMI category 

	 MHNW	 MUNW	 MHO	 MUO	 p-value

No.	 25,067	 68,889	 2,079	 18,960	   -
Age (yr)	 45.35±12.90 	 52.82±12.21 	 45.53±12.70 	 51.62±11.96	 < 0.001
Male sex	 18,323 (73.1)	 56,843 (82.5)	 1,581 (76.1)	 15,641 (82.5)	 < 0.001
BMI (kg/m2)	 22.89±2.52 	 24.20±2.37 	 29.94±1.92 	 30.22±2.03	 < 0.001
WC (cm)	 81.68±8.76 	 85.98±8.36 	 93.57±8.61 	 96.25±8.48	 < 0.001
WHR	 0.36±0.48	 0.49±0.50	 0.62±0.49	 0.69±0.46	 < 0.001
WHtR	 0.40±0.49	 0.61±0.49	 0.91±0.29	 0.94±0.24	 < 0.001
SBP (mmHg)	 112.68±9.55	 135.08±20.40	 115.68±8.38	 140.81±20.24	 < 0.001
TG (mmol/L)	 0.92 (0.69-1.21)	 1.36 (0.94-2.08)	 1.13 (0.87-1.39)	 1.79 (1.23-2.61)	 < 0.001
HDL-C (mmol/L)	 1.59±0.42	 1.52±0.45	 1.50±0.31	 1.47±0.39	 < 0.001
Hs-CRP (mg/dL)	 0.66 (0.26-1.80)	 0.90 (0.35-2.40)	 1.20 (0.50-2.84)	 1.40 (0.60-3.20)	 < 0.001
ALT (IU/L)	 16.40 (12.00-23.00)	 18.00 (13.00-25.00)	 20.00 (14.00-28.00)	 21.00 (15.00-30.00)	 < 0.001
High school or above	 3,233 (12.9)	 3,964 (5.8)	 242 (11.6)	 1,158 (6.1)	 < 0.001
Salt intake > 12 g/day	 2,538 (10.1)	 7,622 (11.1)	 251 (12.1)	 2,488 (13.1)	 < 0.001
Current drinker 	 3,733 (14.9)	 13,931 (20.2)	 252 (12.1)	 3,207 (16.9)	 < 0.001
Current smoker 	 7,908 (31.6)	 22,663 (32.9)	 650 (31.3)	 5,679 (30.0)	 < 0.001
Physical exercise	 3,323 (13.3)	 11,755 (17.1)	 259 (12.5)	 3,228 (17.0)	 < 0.001
Family history of cancer	 830 (3.3)	 2,045 (3.0)	 86 (4.1)	 644 (3.4)	 < 0.001
Values are presented as number (%), mean±SD, or median (P25-P75). ALT, alanine transaminase; BMI, body mass index; HDL-C, high den-
sity lipoprotein-cholesterol; Hs-CRP, high-sensitive C-reactive protein; MHNW, metabolic healthy normal-weight; MHO, metabolic healthy 
obesity; MUNW, metabolic unhealthy normal-weight; MUO, metabolic unhealthy obesity; SBP, systolic blood pressure; SD, standard  
deviation; TG, triglyceride; WC, waist circumference; WHR, waist-hip ratio; WHtR, waist-to-height ratio.
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were used with follow-up period as the time scale to esti-
mate the hazard ratios for incident GI cancer and cancer type 
by metabolic health status, and were adjusted for baseline 
confounders, including age, sex, educational level, drinking 
(current or not), smoking (current or not), dietary salt intake 
(low, intermediate, and high), physical exercise (active or  
inactive), alanine aminotransferase, Hs-CRP and family 
history of cancer. Certain cancers are sex-specific and age-
related. We performed interaction analyses to assess the  
interaction between metabolic health status and sex and age 
(≤ 60 years or > 60 years) on the risks of GI cancer. And the 

interaction effect was estimated by the Wald test.
To examine the robustness of our results, we performed 

several sensitivity analyses. First, we excluded events occur-
ring in the first 1 year of follow-up to minimize potential  
reverse causation. Second, to weaken the influence of a treat-
ment bias, we excluded participants with cardiovascular 
diseases at baseline and repeated analysis. Third, we also  
excluded participants received treatment with lipid lowering 
medication, hypoglycemic drug, or antihypertensive medi-
cation at baseline. Finally, we also assessed central obesity 
defined by WHR and waist-to-height ratio (WHtR). And 

Table 2.  The association between metabolically healthy phenotypes (defined by BMI and WC categories) and GI cancer

	 No.	 Event	 Cumulative incidence (%)	 Age- and sex- adjusted	 Multiple-adjusted 

BMI category			 
    MHNW	 25,067	    333	 1.45	 Ref	 Ref
    MUNW	 68,889	 1,515	 2.42	 1.31 (1.16-1.48)	 1.29 (1.15-1.46)
    MHO	   2,079	      41	 2.16	 1.53 (1.11-2.12)	 1.54 (1.11-2.13)
    MUO	 18,960	    418	 2.43	 1.39 (1.20-1.60)	 1.37 (1.18-1.58)
WC category					   
    MHNW	 20,355	    253	 1.37	 Ref	 Ref
    MUNW	 46,911	    978	 2.28	 1.34 (1.16-1.54)	 1.32 (1.15-1.52)
    MHO	   6,791	    121	 1.91	 1.24 (1.00-1.54)	 1.23 (0.99-1.53)
    MUO	 40,938	    959	 2.59	 1.39 (1.21-1.60)	 1.36 (1.18-1.57)

Multiple models adjusted for age, sex, educational level, drinking, smoking, physical exercise, family history of cancer, salt intake, high-
sensitive C-reactive protein, and alanine transaminase. BMI, body mass index; GI, gastrointestinal; MHNW, metabolic healthy normal-
weight; MHO, metabolic healthy obesity; MUNW, metabolic unhealthy normal-weight; MUO, metabolic unhealthy obesity; WC, waist 
circumference.

Table 3.  Subgroup analyses of the association between metabolically healthy phenotypes (defined by BMI and WC categories) and GI 
cancer

		  Age (yr)			   Sex

	 ≤ 60	 > 60	 p for interaction	 Male	 Female	 p for interaction

BMI category	
    MHNW	 Ref	 Ref	 < 0.001	 Ref	 Ref	 < 0.001
    MUNW	 1.31 (1.14-1.51)	 1.13 (0.90-1.41)		  1.22 (1.08-1.39)	 1.27 (1.09-1.46)	
    MHO	 1.50 (1.02-2.20)	 1.70 (0.93-3.10)		  1.52 (1.05-2.13)	 1.26 (1.01-1.58)	
    MUO	 1.23 (1.07-1.52)	 1.33 (1.02-1.72)		  1.30 (1.12-1.51)	 1.30 (1.12-1.51)	
WC category						    
    MHNW	 Ref	 Ref	 < 0.001	 Ref	 Ref	 > 0.05
    MUNW	 1.33 (1.13-1.56)	 1.15 (0.88-1.50)		  1.97 (1.28-3.02)	 1.77 (1.10-2.86)	
    MHO	 1.20 (0.92-1.55)	 1.17 (0.78-1.74)		  1.72 (0.60-4.94)	 0.84 (0.37-1.90)	
    MUO	 1.33 (1.12-1.57)	 1.19 (0.82-1.55)		  1.86 (1.13-3.08)	 1.71 (1.06-2.77)	
    Multiple models adjusted for age/sex, educational level, drinking, smoking, physical exercise, family history of cancer, salt intake, high-
sensitive C-reactive protein, and alanine transaminase. The interaction effect was estimated by the Wald test. Interaction between metaboli-
cally healthy phenotypes by BMI and age (p for interaction < 0.001) and sex (p for interaction < 0.001). Interaction between metabolically 
healthy phenotypes by WC and age (p for interaction < 0.001). And no interaction between metabolically healthy phenotypes by WC and 
sex (p for interaction > 0.05). BMI, body mass index; GI, gastrointestinal; MHNW, metabolic healthy normal-weight; MHO, metabolic 
healthy obesity; MUNW, metabolic unhealthy normal-weight; MUO, metabolic unhealthy obesity; WC, waist circumference.
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sensitivity analysis was performed on the basis of the new 
definition of obesity used in the different criteria and meta-
bolic status.

Missing covariates were imputed by multiple imputa-
tion using the fully conditional specification method SAS 
MI procedure. The results were consistent from analyses 
that excluded participants with missing covariates. The pro-
portional hazard assumption was examined by Schoenfeld  
residuals. All analyses were done with SAS ver. 9.4 (SAS  
Institute Inc., Cary, NC), at a two-tailed alpha level of 0.05.

Results

A total of 114,995 eligible participants were included in 
present analysis, their mean age was 51.08±12.63 years, and 
80.34% were men. To baseline characteristics of the study 

participants according to metabolically healthy phenotypes 
based on BMI category are shown in Table 1. When com-
pared to the MHNW group, participants in the MUNW and 
MUO groups were more likely to be older, men, a higher 
prevalence of current drinkers, had a higher BMI, WC, SBP, 
FBG, and TG level, and a lower HDL-C level. S1 Table shows 
the baseline characteristics when using WC for the classifica-
tion of obesity.

After a mean follow-up of 13.76±2.74 years, incident GI 
cancer, esophageal cancer, gastric cancer, colorectal can-
cer, biliary tract cancer, liver cancer, and pancreatic cancer  
occurred in 2,311, 238, 492, 831, 75, 511, and 164, respectively. 
Table 2 shows the association between metabolically healthy 
phenotypes and incident GI cancer based on BMI category. 
In the multiple-adjusted regression analysis, MHO was 
positively associated with risk for GI cancer. However, such  
associations were not found for WC category. In addi-
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Fig. 2.  Dose-response relationship between body mass index/waist circumference level and gastrointestinal (GI) cancer. The association 
between body mass index and incident GI cancer among metabolically healthy (A) and unhealthy (B) participants, with reference BMI=28 
kg/m2. The association between waist circumference level and incident GI cancer among metabolically healthy (C) and unhealthy (D) 
participants, with reference waist circumference=85 cm. The solid lines and shaded areas represent the hazard ratios and corresponding 
95% confidence intervals. The models were adjusted for age, sex, educational level, drinking, smoking, physical exercise, family history 
of cancer, salt intake, high-sensitive C-reactive protein, and alanine transaminase. p-values for non-linearity were obtained using a chi-
squared test to compare nested models.
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tion, compared with the MHNW group, subjects from the 
MUNW and MUO groups had a higher risk of incident GI 
cancer among both BMI and WC category. The consistent  
results stratified by age and sex are displayed in Table 3. The  
detailed results of sensitivity analysis are reported in S2 and 
S3 Tables. In sensitivity analysis, we excluded participants 
with less than 1-year follow-up, with cardiovascular diseases 
at baseline, or received treatment with lipid lowering medi-
cation at baseline, the results were materially unchanged.

Fig. 2 shows the results of restricted cubic spline analysis. 
The dose-response relationship between baseline BMI and 
incident GI cancer was non-linear (p for non-linearity < 0.05) 
throughout the range of their levels in metabolically healthy 
participants. However, there was no dose-response relation-
ship between BMI and GI cancer in metabolically unhealthy 
participants (p > 0.05). And no dose-response relationship 
was observed between WC and GI cancer regardless of meta-
bolically healthy phenotypes (all p > 0.05).

Table 4 shows that the association between metabolically 
healthy phenotypes and GI cancer types. Significant differ-
ences were also evident for some types. MHO individuals 
were significantly associated with increased risk of gastric 
cancer using BMI category, while using WC criteria, indi-
viduals have increased risks for colorectal cancer and liver 
cancer. S3 Table shows that the association between meta-
bolically healthy phenotypes (defined by WHR and WHtR 
categories) and GI cancer. Subgroup analyses found consist-
ent results (S4-S7 Tables).

Discussion

In this large population-based prospective cohort study 
and had a long follow-up period of up to 15 years, we found 
an association between metabolically healthy status and risk 
of GI cancer from Kailuan Study. In our research, we first dis-
covered that differences in the risk of developing GI cancer 
among different obesity phenotypes using different obese  
indicators for defining metabolically healthy status in Chi-
nese, and the risk is primarily driven by gastric cancer, liver 
cancer, and colorectal cancer. We also found that, regardless 
of body fatness, metabolic disorders associated with increa-
sed GI cancer risk.

Scholars believe that MHO is a benign condition in stud-
ies in the early stages, who obese do not display the typi-
cal adverse metabolic effects of obesity [16,17]. However, 
current available evidence suggests MHO individuals are 
at increased risk for developing GI cancer despite normal 
metabolic traits including the parameters related to glucose 
and lipid metabolism, and BP. We provide robust evidence 
of a significant association of MHO with increased risk of Ta
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GI cancer. In this study, we found that the MHO phenotype  
increased GI cancer risk during 15-year period compared 
with the MHNW participants, and the risk is primarily 
driven by gastric cancer, liver cancer and colorectal cancer. 
It is important to note that differences in the risk of devel-
oping GI cancer among different obesity phenotypes using 
different obese indicators for defining metabolically healthy 
status in Chinese. When grouped based on BMI, MHO had 
increased the risk of gastric cancer. In contrast, MHO indi-
viduals are at increased risk for developing liver cancer and 
colorectal cancer as assessed by using WC. Although BMI is 
commonly used as a standard measurement of overall adi-
posity in adults, the skeleton of Chinese population is rela-
tively small, but the abdominal fat is relatively thick, which 
is one of the reasons that we considered multiple measures 
of adiposity [18]. When we analyzed the association between 
MHO and the risk of GI cancer, future studies are required 
to specifically define these criteria. According to age and sex, 
the metabolic status is quite different, and the common site-
specific cancers are also quite different. In stratified analyses, 
the younger MHO participants had a higher risk of develop-
ing GI cancer compared with the older counterpart. From a 
life course perspective, early life BMI increase was likely a  
reflection of the life-long exposure to adiposity and adiposi-
ty-induced biologic alterations, which may result in greater 
impact cumulatively over decades of cancer development 
[19]. The findings we report in this large-scale study some-
times did not concur with prior, smaller studies [20,21]. This 
might be due to the following two reasons. On the one hand, 
there is no gold standard to define metabolically healthy sta-
tus, inconsistent results have been obtained from different 
criteria. On the other hand, it takes years to decades for GI 
cancer development following MHO exposure, the follow-
up time relatively short and the results may not necessarily 
represent long-term outcomes. This in part might also be  
related to ethnic disparities with the prevalence of GI cancer.

Another critical finding of this study is, regardless of body 
fatness, metabolic disorders associated with increased GI 
cancer risk. As shown in Fig. 2, individuals with metabolic 
abnormalities were at higher risks of GI cancer irrespective 
of degree of obesity. Although elevated BMI or WC are major 
risk factors for the development of metabolic disorders such 
as hypertension, diabetes, and dyslipidemia these metabolic 
abnormalities could also affect the risk of developing cancer 
independently, even in normal-weight individuals [22]. We 
also found that metabolic derangements that place an indi-
vidual at increased risk of developing GI cancer are found 
in a proportion of normal-weight individuals (i.e., normal 
or overweight states), who have one or multiple metabolic  
abnormalities. Metabolic abnormality and the degree of obe-
sity were more prominent in MUO individuals. As expected, 

the risk to developing GI cancer is higher in people with 
MUO compared to MUNW indicating that a potential inte-
raction between obesity and metabolic abnormalities. This 
conclusion is supported by convergent evidence. In the EPIC 
prospective study, by using a case control study approach, 
Murphy et al found that individuals with the metabolically 
unhealthy/overweight phenotype (with hyperinsulinemia) 
are at higher colorectal cancer risk than those with normal 
insulin levels [23]. Concerning the concordance between 
MUO and the risk of GI cancer, this was also mentioned 
above [21,24].

As seen above, there are many inconsistencies on metaboli-
cally healthy status and risk of GI cancer, it makes it difficult 
to determine its exact relationship. The reason may be attri- 
buted rather to the lack of well-defined criteria to unam-
biguously define metabolically healthy status. Hence, as past 
literatures have reported, the impact of different diagnostic 
criteria on GI cancer suggests that patients with different dia-
gnostic criteria might have different prevalence of disease 
[9]. That is why there are many non-congruent facts about 
metabolic healthy status and GI cancer in the literature. In 
this study, we defined metabolic healthy status according to 
Lavie criteria, which have been used to classify the risk of GI 
cancer in BMI categories [15]. And based on existing criteria, 
we complement many results that defined central obesity 
based on WC or WHtR. The same is true for the metabolic 
healthy status. Individuals were also diagnosed with meta-
bolic healthy status if they met any of four diagnostic criteria 
for metabolic syndrome. Metabolic healthy status was not 
uniformly defined, which might result in obscure findings. 
Thus, we might have to be more careful in the selection of 
criteria. Several potential mechanisms have been identified 
in relation to the correlation between metabolically healthy 
phenotypes and the incidence and prognosis of GI cancer. 
One such mechanism involves chronic inflammation, char-
acterized by alterations in concentrations of inflammatory  
cytokines and infiltration of immunosuppressive cells [25,26]. 
Furthermore, insulin resistance associated with metabolic 
unhealthiness, independent of general obesity, may elevate 
levels of insulin and insulin-like growth factor I, which are 
known to impede apoptosis and stimulate the proliferation 
of cancer cells [27,28]. Future studies are needed to clarify 
the underlying pathophysiological mechanisms of this asso-
ciation.

The strengths of this study include a cohort design, long 
follow-up, large sample size, and analysis using various cri-
teria for obesity. However, this study also had several limita-
tions. First, although we adjusted for important confounders 
in the multiple analysis, we cannot exclude the possibility of 
residual confounding factors due to unmeasured variables, 
such as dietary patterns, history of Helicobacter pylori infec-
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tion or Clonorchis sinensis infection. Second, more evidence 
suggests that MHO is not a permanent state, but it may be a 
dynamic nature [29-32]. Approximately 30% to 50% of indi-
viduals originally identified as MHO was transitioned to a 
metabolic abnormality over time [33]. Regrettably, our anal-
ysis was based solely on baseline data. Future studies will  
require studies in focused the associations with the MHO 
phenotypic transitions and incident GI cancer. Last, our 
study population comprised participants with Kailuan 
Study, not covering completely Chinese.

In the present study, we observed that MHO phenotype 
was associated with increased risk of GI cancer, no matter 
general or abdominal obesity. Moreover, individuals who 
complicated by metabolic unhealthy status have an increased 
risk of developing GI cancer. Hence, clinicians should con-
sider the risk of incident GI cancer in people with abnormal 
metabolically healthy status and counsel them about meta-
bolic fitness and weight control.
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