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Background

Obesity is as an important risk factor for chronic diseases. Metabolically healthy obesity (MHO) is considered a benign state. The association between metabolic health and obesity categories and cancer risk remains unclear. This study aimed to investigate the relationship between metabolic health status combined with obesity phenotypes and the risk of cancer.





Methods

Data from 91,834 participants in the Kailuan cohort were analyzed, excluding individuals with a body mass index (BMI) < 18.5 kg/m² and those with a history of cancer. Obesity phenotypes were classified based on BMI and waist circumference (WC) combined with metabolic health status, resulting in six phenotypes. Cox proportional hazard regression models were used to assess the association between metabolic health and obesity phenotypes with cancer risk and all-cause mortality.





Results

The prevalence of metabolically healthy obesity and metabolically unhealthy obesity defined by BMI was 6.86% and 12.18%, while that defined by WC was 20.79% and 25.76%, respectively. Compared to metabolically healthy participants, individuals with an unhealthy metabolic status had a significantly higher risk of cancer (HR, 1.09; 95% CI, 1.03–1.15; p=0.004). The hazard ratios for cancer were 1.19, 1.23, 1.20, and 1.55 for individuals with one, two, three, and four metabolic disorders, respectively. Among those classified as metabolically unhealthy, both overweight and obesity were associated with a protective effect on cancer risk (HR, 0.88; 95% CI, 0.80–0.96; p=0.006 for overweight; HR, 0.87; 95% CI, 0.78–0.97; p=0.010 for obesity). However, abdominal obesity significantly increased cancer risk in both metabolically healthy and unhealthy participants. In subgroup analysis, simple obesity showed a protective trend against cancer in those with respiratory cancers, while abdominal obesity consistently posed a risk for various cancer types.





Conclusion

Metabolically unhealthy status and abdominal obesity are risk factors for cancer and all-cause mortality, whereas simple obesity offers protective effects against cancer and all-cause mortality in metabolically unhealthy individuals. These findings suggest that maintaining metabolic health and reducing the metabolic risks associated with abdominal obesity should be key targets for cancer prevention.
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1 Introduction

The global cancer burden continues to increase (1). Although cancer mortality and morbidity rates vary between countries and regions, cancer remains a major cause of mortality worldwide, posing a significant public health challenge (2, 3). In the context of a fast-growing and aging population, cancer remains a major impediment to life expectancy, and major high-risk cancers have not yet shown significant downward trends (1). In 2019, more than 10 million people died of cancer and approximately 23 million people had cancer, about twice as many as in 1990 (2). However, since 1990, the age-standardized mortality rate has shown a decreasing trend, while the age-standardized incidence rate has shown an increasing trend (2). Therefore, more cancer prevention strategies targeting major risk factors should be proposed and actively implemented to reduce the global cancer burden.

In recent years, the composition of diets have changed dramatically, with a much higher proportion of carbohydrate intake, leading to obesity becoming a non-negligible problem in developed and developing countries (4). Previous studies suggested that obesity contributes to the development of 13 types of cancer, and the concept of obesity-related tumors (including endometrial, breast, esophageal, colorectal, gastric, liver, kidney cancers) has been proposed (5). Based on body mass index (BMI) and waist circumference (WC), obesity can be divided into simple and abdominal obesity. Abdominal obesity is considered a sign of increased ectopic fat (around the liver, heart, skeletal muscle and pancreas) and people with abdominal obesity are more prone to metabolic and cardiovascular diseases (6). The high prevalence of obesity worldwide has also raised concerns about the metabolic health. Metabolic health is defined as the absence of metabolic syndrome, diabetes, hypertension, or dyslipidemia (7). Notably, not all individuals with normal weight have disease-free characteristics and a healthy metabolic phenotype, and even individuals who are overweight or obese have heterogeneous metabolic health (8). It is estimated that approximately 20% of normal weight adults exhibit metabolically unhealthy status and have increased risk factors associated with obesity, such as elevated blood pressure, insulin resistance, dyslipidemia, and cardiovascular events (7). In addition, people with metabolically healthy obesity (MHO) have normal blood lipids, insulin sensitivity, and plasma glucose despite an elevated BMI or WC, and they are less likely to develop cardiovascular disease than individuals with metabolically unhealthy obesity (MUO) (9, 10).

MUO is generally considered to increase the risk of cardiovascular disease and cancer. A previous meta-analysis focused on the effect of obesity on the risk of cancer in metabolically healthy people and suggested a significantly increased risk of cancer in MHO compared to metabolically healthy normal weight (MHNW) individuals (11). Another meta-analysis focused on the effect of metabolic health status on the risk of cancer in obese people and showed a decreased risk of cancer in MHO compared to MUO, regardless of population heterogeneity (12). Our study is one of the few to explore the association between metabolic health status combined with BMI and WC categories and the risk of cancer.




2 Materials and methods



2.1 Study population

The Kailuan study is a prospective cohort study conducted in Tangshan, China (13). The specific details and procedural plan of the study have been reported previously (14). Briefly, starting in 2006, participants received a thorough checkup and subsequent updates of their health status every two years, including questionnaires, routine physical examinations, and blood and urine tests. In the present study, we included 101,510 participants enrolled at baseline, excluding those with BMI less than 18.5 kg/m2 or previous cancer history, leaving 99,352 participants. Next, we excluded 2,511 participants with missing values for the exposure variables (metabolic health status and obesity status: BMI, WC, systolic blood pressure, diastolic blood pressure, triglycerides, high-density lipoprotein [HDL], and fasting blood glucose [FBG]) and 5,007 participants with missing values for covariates, leaving 91,834 participants for the association analysis (Figure 1A).




Figure 1 | Flow chart. (A) Participant Selection and Enrollment Flowchart, (B) Classification of Participants by BMI and Waist Circumference (WC).






2.2 Exposure factors

BMI was calculated based on the following formula: BMI = weight/height (kg/m2). Based on the recommendations of the China Obesity Working Group, the obesity categories were defined based on BMI and WC criteria (15). Based on the BMI criteria, participants were classified as normal-weight (18.5 kg/m2 < BMI < 24 kg/m2), simple overweight (24 kg/m2 < BMI < 28 kg/m2) and simple obese (BMI > 28 kg/m2). Based on the WC criteria, participants were classified as normal weight (WC < 85 cm for men and < 80 cm for women) and abdominally obese (WC ≥ 85 cm for men and ≥ 80 cm for women). We utilized standardized operating protocols to measure four Adult Treatment Panel-III (ATP-III) components in order to define metabolic syndrome (16). Participants with two or more of the four criteria were considered to be metabolically unhealthy: (1) systolic blood pressure > 130 mmHg or diastolic blood pressure > 85 mmHg, use of antihypertensive medications, or self-reported physician-diagnosed hypertension; (2) triglycerides ≥ 1.7 mmol/L or use of antihyperlipidemic drugs; (3) FBG ≥ 5.6 mmol/L, use of antihyperglycemic drugs, or self-reported physician-diagnosed diabetes mellitus; or (4) HDL ≤ 1.04 mmol/L and ≤ 1.29 mmol/L in men and women, respectively. According the BMI categories (normal-weight, simple overweight, and simple obesity), participants were classified into six phenotypes: MHNW, metabolically healthy overweight (MHOW), MHO, metabolically unhealthy normal-weight (MUNW), metabolically unhealthy overweight (MUOW), and MUO. According to the WC categories (normal weight and abdominal obesity), participants were classified into four phenotypes: MHNW, MHO, MUNW, and MUO (Figure 1B) (17).




2.3 Covariates

Participants were interviewed face-to-face and clinically examined by medical professionals to collect socio-demographic data (sex, age, income, education, and occupation); lifestyle data (sedentary, physical activity amount, smoking status, alcohol consumption, and tea consumption); hematology test results (serum creatinine); and disease information (fatty liver, hepatitis B, cirrhosis, gallstones, and gallbladder polyps). Smoking and drinking status were categorized as never, former, or current. The physical activity levels were categorized as never, occasionally, or frequently. Education was categorized as middle school or below, high school or above. Income was categorized as < $600/month, $600–800/month, $800–1000/month, or ≥ $1000/month. Blood samples were collected after fasting for 8 to 12 hours, then serum creatinine and serum lipid levels were measured by an autoanalyzer.




2.4 Outcome assessment

Cancer incidence events during follow-up were confirmed by interviewing participants and examining hospital diagnostic records. Cancer types were identified using International Classification of Diseases-10 (ICD-10) codes. In this study, we analyzed the association between metabolic health status combined with obesity status and the risk of cancer, and refined them into the following categories, including respiratory cancer (C34–C39), digestive cancer (C15–C26), and other systemic cancers (all codes begin with C).




2.5 Statistical analysis

The baseline table was constructed according to metabolic health scores, with continuous variables expressed as median [interquartile range (IQR)] (skewed distribution) and mean [standard deviation (SD)] (normal distribution). Categorical variables were expressed as numbers (percentages). Hazard risk (HRs) and 95% confidence intervals (CIs) were calculated using the Cox proportional risk regression models (this study met the proportional risk assumption). Model 1 adjusted for sex and age; model 2 additionally adjusted for education, occupation, income, sedentary lifestyle, physical activity, smoking status, alcohol status, and tea consumption; and model 3 additionally adjusted for serum creatinine, hepatitis B, cirrhosis, gallstones, gallbladder polyps, and fatty liver. First, we investigated the association between metabolic health scores and the risk of cancer. Second, we assessed the association between MUNW, MHOW, MUOW, MHO, and MUO with the risk of cancer using MHNW as a dummy variable. Then, we further investigated the following two effects: (1) The effect of obesity categories on the risk of cancer among different metabolically healthy status and (2) the effect of metabolic health status on the risk of cancer among different obesity categories. We additionally analyzed the association between metabolic health status combined with obesity categories and all-cause mortality. Finally, two sensitivity analyses were performed to clarify the robustness of the results: (1) exclusion of participants with cancers occurring within 1 year to exclude the possibility of reverse causation; and (2) additional adjustment for low-density lipoprotein (LDL) and total cholesterol (TC). All statistical analyses were performed using R software version 4.2.0 (R Foundation for Statistical Computing, Vienna, Austria). A two-tailed p < 0.05 was considered statistically significant.





3 Results



3.1 Baseline characteristics

Differences between groups with different metabolic health scores were compared, and the results are presented in Table 1. Of the 91,834 participants included in the study, 50,054 participants were metabolically healthy. As metabolic health scores increased, age and inflammation progressively increased, metabolic health status progressively became worse, and cancer incidence and all-cause mortality progressively increased. Metabolically unhealthy individuals were more likely to be men, have a lower education level, be current smokers, and have a higher BMI and WC. In addition, the metabolically unhealthy group included more individuals with fatty liver and gallstones.


Table 1 | Baseline characteristics.






3.2 Association between metabolic health and the risk of cancer

We first investigated the association between metabolic health status and the risk of cancer, and the results are displayed in Table 2. After fully adjusting for covariates, participants with a metabolically unhealthy status had a 9% increased risk compared to those with metabolically healthy status (HR, 1.09; 95% CI, 1.03–1.15; p =0.004). We next investigated the association between metabolic health scores and the risk of cancer. The risk of cancer was increased by 19%, 23%, 20%, and 55% in the presence of one, two, three, and four metabolic disorders, respectively. It was suggested that the risk of cancer was already increased when one metabolic index was disordered, and the risk was significantly increased when four metabolic indexes were disordered simultaneously.


Table 2 | The association between metabolic healthy score and the risk of cancer.






3.3 Association between metabolically healthy status combined with obesity categories (defined by BMI or WC) and the risk of cancer

The previous results suggested that a metabolically unhealthy status was a risk factor, and thus, we explored the association between metabolic health status combined with obesity categories and the risk of cancer. We first defined obesity based on BMI and using MHNW as a dummy variable found a 15% increased risk of cancer in MUNW individuals and a 9% decreased risk of cancer in MHOW individuals (Supplementary Table 1). Then, we divided the participants into metabolically healthy and metabolically unhealthy subgroups to explore the association between obesity categories and the risk of cancer. We next divided the participants into normal-weight, overweight, and obesity subgroups to explore the association between metabolic health status and the risk of cancer (Table 3). Interestingly, among metabolically unhealthy participants, overweight and obesity showed a protective trend on the risk of cancer, reducing the risk by 12% (HR, 0.88; 95% CI, 0.80–0.96; p =0.006) and 13% (HR, 0.87; 95% CI, 0.78–0.97; p =0.010), respectively. In the normal-weight and simple overweight subgroups, metabolically unhealthy status increased the risk of cancer by 15% (HR, 1.15; 95% CI, 1.05–1.26; p =0.002) and 10% (HR, 1.10; 95% CI, 1.02–1.20; p =0.020), respectively. However, in the obesity subgroup, the association between metabolically unhealthy status and the risk of cancer was not significant (HR, 0.98; 95% CI, 0.87–1.12; p =0.810), suggesting that simple obesity may act as a protective factor that partially resisted the increased risk by metabolically unhealthy status. In addition, we defined obesity based on WC and used MHNW as a dummy variable. The results suggested that MUNW, MHOW, and MUOW increased the risk of cancer by 11%, 16%, and 21%, respectively (p for trend<0.001) (Supplementary Table 2). Using the above subgroups, we further performed the same analyses (Table 4). We found that abdominal obesity increased the risk of cancer in both the metabolically healthy and unhealthy subgroups. In the normal-weight participants, metabolically unhealthy status also increased the risk of cancer. Furthermore, although the association between metabolically unhealthy status and the risk of cancer was not significant in the participants with abdominal obesity (HR, 1.04; 95% CI, 0.96–1.12; p =0.0342), there was still a hazardous trend. Finally, we explored the association between metabolic health status combined with obesity categories with the risk of different cancers (Supplementary Figure 1). We found that the protective effect of simple obesity on the risk of cancer was mainly present in individuals with respiratory cancer. However, abdominal obesity was a risk factor for both metabolically healthy and unhealthy participants (although not statistically significant).


Table 3 | The association between metabolic healthy status combined with obesity categories (defined on BMI) and the risk of cancer.




Table 4 | The association between metabolic healthy status combined with obesity categories (defined on WC) and the risk of cancer.






3.4 Association between metabolic health status combined with obesity categories (defined by BMI or WC) and all-cause mortality

The present study also addressed the association between metabolic health status combined with obesity categories and all-cause mortality (Supplementary Table 3, Supplementary Figure 2). First, metabolically unhealthy participants had a 44% increased risk of all-cause mortality, and the effect was consistent among normal-weight, overweight, and obese participants. In addition, participants had a progressively higher risk of mortality as metabolic health scores increased. Notably, simple overweight showed a protective trend against all-cause mortality in the metabolically healthy participants. In the metabolically unhealthy participants, simple overweight and obesity reduced the risk of all-cause mortality by 10% and 8%, respectively. However, abdominal obesity and metabolically unhealthy status were risk factors for all-cause mortality.




3.5 Sensitivity analysis

We performed two sensitivity analyses to assess the robustness of the results (Supplementary Figure 3). Metabolically unhealthy status increased the risk of cancer in both normal-weight and simple obesity participants, and among the metabolically unhealthy participants, simple obesity showed a protective trend for the risk of cancer. After excluding those who developed cancers within 1 year, abdominal obesity increased the risk of cancer in the metabolically healthy participants by 17% and metabolically unhealthy status increased the risk of cancer in the normal-weight participants by 11%. After additional adjustment for LDL and TC, abdominal obesity increased the risk of cancer in both metabolically healthy and unhealthy participants.





4 Discussion

This study examined the association between metabolic health status combined with obesity categories and cancer morbidity. We found that metabolically unhealthy status and abdominal obesity were risk factors for an increased risk of cancer and all-cause mortality. In addition, simple obesity was a protective factor against the risk of cancer and all-cause mortality in participants with a metabolically unhealthy status.

There was a significant association between overweight and obesity and metabolic-related diseases, involving multiple factors and complex pathogenesis (18). Genetic and epigenetic alterations (including DNA methylation and histone modifications) in the organism may affect energy metabolism, lipid metabolism and other metabolic pathways (19, 20). In the visceral fat of obese individuals, immune cells tend to exhibit a pro-inflammatory profile, and this becomes an important trigger for the development of obesity-related comorbidities. Multiple immune cell types, such as regulatory T cells, adipose tissue macrophages, dendritic cells and B cells are involved in maintaining adipose tissue homeostasis (21, 22).The adipose tissue consists mainly of white adipose tissue, which stores energy, and brown adipose tissue, which is responsible for the conversion of chemical energy into heat. Excessive accumulation of white adipose tissue and loss or dysfunction of brown adipose tissue will lead to a range of obesity-related metabolic disorders (23). Interestingly, although obesity is often associated with metabolic disorders and increased risk of chronic disease, some obese individuals maintain normal blood glucose, lipid, and blood pressure levels (no significant metabolic abnormalities). These individuals are therefore referred to as having MHO (10, 24, 25).

Emerging evidence suggests that the association between obesity and cancer risk may be mediated by multiple molecular pathways (26–29). One of the key mechanisms involves insulin resistance, which often accompanies obesity (26). Insulin resistance leads to hyperinsulinemia, promoting the activation of insulin-like growth factor (IGF) signaling pathways, which stimulate cell proliferation and inhibit apoptosis—key processes in cancer development. Furthermore, obesity is characterized by chronic low-grade inflammation, particularly in visceral adipose tissue (27, 28). Pro-inflammatory cytokines such as tumor necrosis factor-alpha (TNF-α), interleukin-6 (IL-6), and C-reactive protein (CRP) are often elevated in obese individuals. These inflammatory markers can contribute to tumorigenesis by creating a pro-tumor environment, enhancing cell proliferation, and promoting angiogenesis (27). In addition, adipokine dysregulation plays a crucial role in the obesity-cancer link (29). Adipokines, including leptin and adiponectin, are secreted by adipose tissue and have been shown to modulate metabolic and immune responses (29, 30). While leptin, often upregulated in obesity, has pro-tumorigenic effects by enhancing angiogenesis and cell proliferation, adiponectin, which is reduced in obesity, exhibits anti-inflammatory and anti-tumor properties (30).

The prevalence of MUO and MHO in the Chinese population varies due to different definition criteria (31). One study reported that according to the National Cholesterol Education Program-ATP-III, Karelis, Wildman, Chinese Diabetes Society, and the HOMA index criteria, the prevalence of MHO ranged from 4.2–13.6%, and the prevalence of MUO ranged from 10.6–20.1% when defining obesity based on BMI. The prevalence of MHO and MUO was significantly higher when the obesity was defined according to WC. In this study, the prevalence of MHO and MUO among participants with simple obesity was 6.86% and 12.18%, respectively, while the prevalence of MHO and MUO among participants with abdominal obesity was 20.79% and 25.76%, respectively. In a previous study, those with only obesity and no metabolic health problems (e.g., diabetes, hypertension, insulin resistance, dyslipidemia, or inflammation) had better health and reduced mortality by 30–50% (32). However, a meta-analysis of eight longitudinal studies showed that MHO increased the risk of all-cause mortality in the long term (≥10 years) (33). This suggested that MHO may be an intermediate state between MUO and MHNW. Previous studies found that MUO increased the risk of obesity-related cancers (colorectal, endometrial, liver, renal cell, gallbladder, and pancreatic) compared to MHNW, and MHO has also shown a relatively higher risk of obesity-related cancers. Another study investigated the association between the MHO and the risk of lung cancer and showed that obesity was a protective factor, especially in metabolically healthy people (33). The above findings suggested that there may be differences in the association between metabolic health status combined with obesity categories and the risk of various cancer types, and that different definitions of MHO may lead to different outcomes.

In addition, the metabolic risks associated with obesity are primarily related to the distribution of fat, but BMI does not fully and accurately reflect fat distribution and body composition (34, 35). Visceral adipose tissue, compared to subcutaneous adipose tissue, is strongly associated with obesity-related complications, including type 2 diabetes, non-alcoholic fatty liver disease, cardiovascular disease, and certain types of cancer (36). In fact, many studies reported that WC is a more accurate indicator that not only distinguishes overall obesity and abdominal obesity within the same BMI range, but also effectively reflects visceral fat (36). Recent studies focused on the association between the risk of cancer and MHO defined based on BMI criteria, while WC may be a better indicator for obesity assessment.

The strength of this study is that it is based on a large population. Nevertheless, some limitations remain. First, there are multiple definitions of MHO, so we used the definition criteria with the middle prevalence reported previously. Second, MHO may be a transitional intermediate stage, and the association between its transformation and cancer morbidity still warrants further study. Finally, the association between MHO and the risk of different cancers may be highly variable, so the association still needs to be further investigated by refining the tumor types.




5 Conclusions

In conclusion, both abdominal obesity and metabolically unhealthy status contribute to cancer morbidity and increase the risk of all-cause mortality. In contrast, simple overweight and obesity are protective factors against the risk of cancer and all-cause mortality in participants with MUO. This suggests that individuals should focus on weight management to maintain a metabolically healthy state, and should actively reduce the metabolism-related risk factors increased by abdominal obesity.
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