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Abstract

The prevalence of overweight (body mass index [BMI] 25–29.9 kg/m2) and obesity (BMI ≥30 

kg/m2) have increased dramatically in the United States. As increasing BMI is associated with the 

development of multiple different cancer types, including most gastrointestinal (GI) cancers, 

providers will frequently encounter GI cancer patients who are overweight or obese. Mounting 

evidence associates overweight and/or obesity with worsened prognosis in multiple GI cancers, 

including esophageal, gastric, hepatocellular, pancreatic, and colorectal. However, these data are 

observational and may be subject to bias and/or confounding. Further, in some cancer types, the 

associations between BMI and outcomes is not linear, where overweight and class I obese patients 

may have an improvement in outcome. This report provides a brief highlight of existing studies 

that have linked overweight and/or obesity to prognosis in GI cancer, provides recommendations 

on best management practices, and discusses limitations, controversies, and future directions in 

this rapidly evolving area. There are multiple areas of promise that warrant continued 

investigation: 1) what are the comparative contributions of energy balance, including weight, 

dietary patterns, and physical activity on cancer prognosis; 2) what are the specific physiologic 

pathways that mediate the relationship between energy balance and prognosis; 3) what is the 

relationship between low muscle mass (sarcopenia) or sarcopenic-obesity and cancer prognosis 

and; 4) are there subsets of patients for whom purposefully altering energy balance would be 

deleterious to prognosis? This area is rich with opportunities to understand how states of energy 

(im)balance can be favorably altered to promote healthy survivorship.
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Introduction

The prevalence of overweight and obesity, defined using body mass index (BMI; Table 1), 

has reached epidemic levels in the United States with more than two-in-three adults 

considered to be overweight or obese.1 Up to one-in-five deaths in the United States are 
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associated with overweight or obesity, with the most common causes of death including 

ischemic heart disease, stroke, kidney disease, diabetes, and cancer.2 Each year more than 

291,000 men and women diagnosed with gastrointestinal (GI) cancer in the United States.3 

Overweight and obesity are associated with an increased risk of developing several GI 

cancers, including esophageal, gastric, hepatocellular, pancreatic and colorectal.4,5 

Consequently, GI oncology providers will frequently encounter patients who are overweight 

or obese.

Overweight and obesity are the result chronic energy imbalance (Figure 1).6 When caloric 

intake exceeds that of caloric expenditure, excess energy is stored in the form of adipose 

tissue and subsequently body mass is increased. Adipose tissue was once thought to be an 

inert physiologic buffer to store excess energy. However, adipose tissue is now recognized as 

an active endocrine organ that promotes multiple physiological changes that influence 

disease risk.7 There is a growing interest in the oncology community to understand how 

overweight and obesity may influence prognosis among patients diagnosed with cancer.6,8,9

The purpose of this report is to provide a brief highlight of existing studies that have linked 

overweight and obesity to prognosis in individual GI cancer sites, provide recommendations 

on best management practices, and discuss limitations, controversies, and future directions 

in this rapidly evolving area. Although there have been studies that examine the importance 

of overweight and/or obesity prior to diagnosis, we elected to focus on studies that measured 

overweight and/or obesity at the time of (or after) cancer diagnosis, because this is the 

period during which patients may be able to purposefully alter lifestyle behaviors to 

influence energy balance and weight management, and the time during which oncology 

providers have the most frequent contact with patients.

Review of Overweight and Obesity and Individual Gastrointestinal Cancers

Esophageal Cancer

Overweight and/or obesity are associated with disease-free survival and overall survival 

among patients with esophageal adenocarcinoma and squamous cell carcinoma in some,10,11 

but not all studies.12 The association between BMI and survival among patients with 

esophageal adenocarcinoma is modified by smoking status.10 Among 236 never smokers 

with stage I–III esophageal adenocarcinoma, obesity at the time of esophagectomy was 

independently associated with two-fold higher risk of experiencing disease recurrence or 

death when compared to normal weight (hazard ratio [HR]: 2.03, 95% CI: 1.30–3.18; P=.

002). Among 542 past and current smokers, obesity was not associated with disease 

recurrence or death (HR: 1.00, 95% CI: 0.76–1.33; P=.94). Among 243 patients with stage 

I–III squamous cell carcinoma, overweight or obesity at the time of esophagectomy were 

independently associated with a three-fold higher risk of experiencing disease recurrence or 

death when compared to normal weight (HR: 2.94, 95% CI: 1.13–7.6; P=.027).11 Several 

studies have reported that overweight and obese patients are more often diagnosed with 

esophageal adenocarcinoma (versus squamous cell).12,13 It is unclear if this pattern is causal 

(the presence of overweight or obesity increases the propensity to develop one histologic 

type of esophageal cancer versus another, such as with gastroesophageal reflux disease or 

Barrett’s esophagus as a precursor to esophageal adenocarcinoma13) or is the result of 
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greater pre-diagnosis and treatment-related weight loss among patients with squamous cell 

esophageal cancer.11 Collectively these data indicate that overweight and obesity at the time 

of diagnosis is an adverse prognostic characteristic among patients with esophageal cancer.

Gastric Cancer

Overweight and obesity are associated with disease-free survival and overall survival among 

patients with gastric cancer in some,14–16 but not all studies.17 The adverse prognostic effect 

of overweight and/or obesity may vary by primary tumor characteristics (T stage) and 

regional lymph node involvement (N stage). Among 216 patients with pT2/T3 tumors, 

overweight and obesity at the time of gastrectomy were independently associated with a 

shorter five-year survival rate when compared to normal weight (37.8% v 58.5%; P=.03).14 

No difference in survival was observed after the inclusion of patients with pT1 and pT4 

tumors (49.1% v 63.4%; P=.09). Similar adverse associations with overweight and obesity 

have been reported in patients with stage II gastric cancer, but not earlier (stage I) or later 

(stage III/IV) disease.15,16 Among 84 patients with stage II/III gastric cancer, higher 

intraperitoneal fat thickness (the distance between the anterior peritoneum and 

retroperitoneum at the umbilicus) quantified using computed tomography at the time of 

receiving neo-adjuvant chemotherapy was independently associated with a three-fold 

increase in the risk of disease recurrence or death (HR: 3.28, 95% CI: 1.55–6.93; P=.002), 

whereas BMI was not associated with disease outcomes in this sample (P=.56).18 This study 

highlights the potential limitations of BMI to fully characterize adiposity.19 Collectively 

these data indicate that overweight and obesity are adverse prognostic characteristics among 

patients with gastric cancer.

Pancreatic Cancer

Obesity is associated with disease-free survival and overall survival among patients with 

pancreatic cancer.20–23 Among 285 patients with stage I–II pancreatic cancer who 

underwent pancreatectomy, class II/III obesity (BMI ≥35 kg/m2) at the time of diagnosis 

was independently associated with a 1.7 fold increase in the risk of disease recurrence or 

death, compared to a BMI ≤35 kg/m2 (HR: 1.65, 95% CI: 1.65–2.69; P=.045).20 Class II/III 

obesity is also associated with poorer overall survival in patients with locally advanced and 

metastatic pancreatic cancer, compared to normal weight.22 Studies using computed 

tomography have demonstrated that excess intra-abdominal adiposity and low skeletal 

muscle mass are associated with poor prognosis among patients with pancreatic cancer.24,25 

Among 484 patients with pancreatic cancer undergoing palliative chemotherapy, sarcopenia 

(a low skeletal muscle area from computed tomography in the lumbar (L3) region) was 

independently associated with overall survival (HR: 1.72, 95% CI: 1.30–2.28; P<.001).25 

Collectively these data indicate that obesity, particularly that of class II/III obesity, and 

sarcopenia are adverse prognostic characteristic among patients with pancreatic cancer.

Hepatocellular Carcinoma

Overweight and obesity are associated with time-to-recurrence, disease-free survival, and 

overall survival among patients with hepatocellular carcinoma.26–28 Among 159 patients 

with hepatocellular carcinoma who underwent liver transplantation, overweight and obesity 

were associated with doubling in the incidence of recurrent disease (16% v 8%; P<.05) and 
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shortened time to recurrence (~10 months v ~24 months; P<.05), compared to normal 

weight, respectively.26 Overweight and obesity are also associated with significantly lower 

five-year survival rates in patients who undergo repeat hepatectomy for recurrent 

hepatocellular carcinoma (51.9% v 92.0%; P<.05).28 Several studies have reported that intra-

abdominal adiposity quantified using computed tomography is independently associated 

with time-to-recurrence (HR: 1.08 per 10 cm2; P=.036),29 and overall survival (HR: 1.35, 

95% CI: 1.09–1.66; P=.005).30 The association between overweight and obesity with poor 

prognosis in patients with hepatocellular carcinoma has been hypothesized to be influenced 

by the increased incidence of microvascular invasion among overweight and obese 

patients.27,31 Sarcopenia (HR: 1.52, 95% CI: 1.18–1.96; P<.001), intramuscular fat deposits 

(HR: 1.34, 95% CI: 1.05–1.71; P=.02), and intra-abdominal fat (HR: 1.35, 95% CI: 1.09–

1.66; P=.005) quantified using computed tomography are associated with overall survival in 

patients with hepatocellular carcinoma.30 Collectively these data indicate that overweight, 

obesity, and sarcopenia are adverse prognostic characteristic among patients with 

hepatocellular carcinoma.

Colorectal Cancer

Class II and III obesity (BMI >35 kg/m2) is associated with disease-free survival and overall 

survival among patients with non-metastatic colorectal cancer.32–35 The relationship 

between BMI and outcomes in colon cancer is often J-shaped (Figure 2), such that patients 

who are underweight (BMI <18.5 kg/m2) or with class II/III obesity (BMI ≥35 kg/m2) have 

poorer prognosis compared to those with a BMI >18.5 to <35 kg/m2. Furthermore, there is 

an obesity paradox in colon cancer, such that patients who are overweight (BMI 25.0–29.9) 

tend to have superior outcomes compared to those of a normal weight (as depicted in Figure 

2). The explanation for this paradox is not clear. Proposed explanations of this observation 

include a true biological effect (tumors in such patients may be less aggressive and/or more 

responsive to therapy or patients may have better physiological reserve to tolerate therapy), 

differences in body composition with favorable components more prominent with a certain 

level of increased BMI,36 or methodological issues [BMI not being the best measure of 

adiposity, unmeasured or accounted for confounders, and selection biases resulting from 

conditioning on a variable that is associated with both BMI and cancer outcomes (e.g., a 

collider bias)].37–39

The relationship between obesity and disease recurrence or death among patients with 

colorectal cancer is modified by gender (Pinteraction=.013).32,34 Among 25,291 patients 

diagnosed with stage II/III colon cancer participating in adjuvant chemotherapy trials, men 

with class II/III obesity at the time of trial enrollment were 16% more like to experience 

disease recurrence or death compared to normal weight (HR: 1.16, 95% CI: 1.01–1.33; P=.

03). Among women, class II/III obesity was not associated with disease recurrence or death 

(HR: 1.06, 95% CI: 0.93–1.21; P=.35). A similar pattern has been observed among patients 

with stage III rectal cancer, such that men with obesity were 61% more likely to experience 

local disease recurrence as compared to normal weight (HR: 1.61, 95% CI: 1.00–2.59; P=.

06), whereas no relationship was observed among women (HR: 1.01, 95% CI: 0.57–1.81; 

P=.80).34 Differences in the storage of excess adiposity may explain the effect modification 

of sex between obesity and prognosis among colorectal cancer patients. Women often store 
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excess adiposity on the lower extremities, whereas men often store excess adiposity in the 

abdominal region.40 This hypothesis is strengthened by the observation that intra-abdominal 

adiposity quantified using computed tomography,41,42 and waist circumference,43,44 is 

independently associated with disease recurrence and death among patients with colorectal 

cancer. Several polymorphisms associated with obesity-related genes may influence 

recurrence among colon cancer,45 and metabolomic and transcriptomic signaling of intra-

abdominal adipose tissue may differ by disease stage.46 In addition to all-cause and cancer-

specific mortality, obesity is associated with an increased risk of cardiovascular-specific 

mortality among patient with non-metastatic colorectal cancer (HR: 1.68, 95% CI: 1.07–

2.65; P=.019).47,48

BMI is associated with progression-free survival and overall survival among patients with 

metastatic colorectal cancer.49 Among 21,149 patients participating in first-line 

chemotherapy trials, the relationship between BMI and outcome was L-shaped. The risk of 

progression or death was highest among patients who were underweight (BMI <18.5 kg/m2), 

risk then nadirs at 28 kg/m2, and plateaus at body mass indices >28 kg/m2. It is plausible 

that this relationship depicts reverse causality, such that patients who are underweight may 

have more extensive disease.50 A further explanation may be related to body composition, 

where sarcopenia has been associated with inferior outcomes in patients with metastatic 

colorectal cancer.51 In this pooled analysis, the effect of BMI did not differ according to 

treatment with targeted v non-targeted therapy. However, several reports have suggested that 

higher intra-abdominal adiposity may be associated with fewer responders according to 

Response Evaluation Criteria in Solid Tumors (RECIST) (111.9±12 cm2 in responders v 
210.8±58 cm2 in non-responders; P=.03),52 and accelerated time-to-progression (9 v 14 

months; P<.001)53 among patients with metastatic colorectal cancer who are treated with 

bevacizumab. The reason for these observations is not clear. Excess intra-abdominal 

adiposity is associated with elevated levels of serum vascular endothelial growth factor 

(VEGF),54 which may impair the efficacy of bevacizumab to sufficiently impact the VEGF 

pathway to slow tumor growth, however this hypothesis has not been confirmed.

Best Management Practices for the Gastrointestinal Oncology Provider

Many GI cancer patients who are overweight or obese will have comorbid health conditions 

such as cardiovascular and cerebrovascular disease, diabetes, and metabolic syndrome at the 

time of diagnosis, which may influence treatment decision making. Although surgery may 

be more complex in overweight/obese patients,55 with few exceptions, primarily at the 

extremes, postoperative morbidity rates and incidence of complications are often similar to 

that of normal weight patients.56 Full weight-based systemic therapy should be used when 

treating obese patients,57 as rates of toxicity are similar or lower among obese patients 

compared to normal weight patients.33,34

GI oncology providers are uniquely positioned to offer guidance about weight management 

and energy balance to patients. Patients often view oncologists as decision-makers for their 

health, and the oncologist recommendation is possibly the biggest catalyst to initiate 

behavior change.60 Patients are likely to remember recommendations about weight 

management and energy balance from their oncologist if there is the perception that the 
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provider values such behaviors. A diagnosis of cancer is often viewed as a “teachable 

moment” where patients may be more amenable to adopt recommendations about weight 

management and energy balance.60 Although there are currently no randomized studies that 

demonstrate purposeful alterations in energy balance factors including weight loss, physical 

activity, or diet modification impact cancer outcomes, there are consistent observational data 

regarding factors that influence energy balance, including physical activity and diet, which 

may be discussed with patients. Whether altering these factors will improve outcomes and 

whether changing body composition is more important than consideration of weight change 

is not known. Further, the value of altering particular energy balance factors likely will differ 

by cancer type. However, purposeful alterations in energy balance related behaviors improve 

cardiovascular and metabolic risk factors (hypertension, impaired fasting glucose, visceral 

obesity), and improve a variety of patient-reported outcomes including physical function and 

overall quality of life.8,61–63 Based on available data, it is reasonable that GI oncology 

providers encourage consumption of a balanced and healthy diet, at least weight 

maintenance and possibly weight loss in obese patients, physical activity and reduction of 

sedentary behaviors (e.g., television and computer use, prolonged sitting). These 

recommendations are consistent with clinical practice guidelines for cancer patients.8,61–63 

GI oncology providers should consider making the following recommendations to patients:

• Recommendations for Diet

1. Consume a diet pattern that is high in vegetables, fruits, and whole 

grains,61 and avoid a western pattern diet that is characterized by 

frequent consumption of red and processed meats, sugar desserts and 

sugar-sweetened beverages, and refined grains.64

2. The use of meal replacement products including packaged entrees and 

shakes,67 or referral to commercial weight loss programs may be may 

useful to promote initial weight loss for survivors of disease sites where 

overweight or obesity are associated with outcomes.68

3. At this time there is limited evidence to suggest the consumption (or 

avoidance) of specific dietary constituents.61

• Recommendations for Physical Activity

1. Participate in regular physical activity towards of the volume goal of a 

minimum of 150 minutes per week of moderate-intensity aerobic 

activity.61,62 However, any volume of physical activity that a patient can 

do should be considered better than sedentary behavior.62

2. Many patients will elect to use walking as their primary modality of 

activity. For these patients, a walking cadence of 100 steps per minute is 

consistent with moderate intensity for most adults.69 Activity should be 

accumulated in bouts of ≥10 minutes; the use of a pedometer is 

encouraged to quantify step counts, and “1000 steps in 10 minutes” or 

“3000 steps in 30 minutes” is a useful mnemonic to guide patients.

3. Higher volumes of regular physical activity (250–300 minutes per 

week) may be required for the prevention of weight regain.70
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4. Patients with physical impairments that may serve as a barrier or make 

it unsafe to engage in physical activity60 should be referred to trained 

rehabilitation health care professionals.71

Limitations, Controversies, and Future Directions

Overweight and/or obesity are associated with prognosis in multiple GI cancers (Table 2). 

Much of the evidence describing the association between overweight or obesity and 

prognosis has been reported within the past decade. Given the infancy of this area of 

investigation, studies conducted have several methodological limitations. The majority of 

studies have been retrospective analyses of medical records that define overweight or obesity 

using BMI. More recently, studies have leveraged computed tomography imaging, which is 

often implemented in pre-operative staging and long-term surveillance of many GI cancers. 

The use of computed tomography allows for the quantification of intra-abdominal adipose 

tissue and skeletal muscle, which may provide additional specificity about tissue 

composition compared to that of BMI alone. There is emerging evidence that low levels of 

muscle mass (i.e., sarcopenia) may impact prognosis among various GI cancers. Similar to 

adipose tissue, skeletal muscles possess potent endocrine properties that regulate 

inflammation, fat oxidation, and glucose homeostasis.72 Several of these biologic processes 

have been hypothesized to mediate the relationship between body composition and cancer 

progression.73 Many of the studies included in this review conducted statistical analyses that 

accounted for known prognostic factors such as age, sex, cancer stage, and other tumor or 

treatment-related characteristics. Few reports accounted for other prognostic factors that 

may influence the relationship between overweight or obesity and prognosis, such as 

smoking history, the presence of comorbid health conditions (diabetes, etc.), performance 

status, medication use, physical activity, and diet or alcohol consumption. As demonstrated 

in the example of esophageal adenocarcinoma, smoking status modified the relationship 

between obesity and prognosis after esophagectomy.10 Therefore the inclusion of these 

important covariates will help to better characterize the relationship between overweight or 

obesity and prognosis.

A significant controversy in the field is that it is unknown if the relationship between 

overweight and/or obesity and prognosis in GI cancer is causal. All of the evidence 

conducted in this area has been observational, and susceptible to confounding and bias. If 

the relationship between overweight or obesity and prognosis in GI cancer is causal, two 

scenarios are plausible.74 In scenario one, overweight or obesity may have a fixed (non-

reversible) biologic effect that influences cancer development, making weight status useful 

as a prognostic biomarker; and in scenario two, overweight or obesity may have a dynamic 

(reversible) biologic effect on cancer that can be favorably altered with weight loss, making 

weight status useful as a biomarker predictive of treatment benefit.75 There is growing 

mechanistic evidence that overweight and obesity induce alterations in pro-inflammatory 

cytokines, lipid metabolites, adipokines, and insulin and insulin growth factor signaling 

pathways.73 Each of these alterations may independently or additively influence drug 

resistance and disease recurrence or progression. Conversely, if the relationship between 

overweight or obesity and prognosis in GI cancer is non-causal, it may be the result of 

several forms of bias or confounding. Selection bias is one such example, such that patients 
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included in observational studies systemically differ than the intended population. Several 

studies included in this review have attempted to address this issue by sampling patients 

consecutively (all patients treated for a certain cancer between two time periods). A second 

form of selection bias may be that patients with overweight or obesity systematically present 

later in the natural course of the disease. Among patients with colon cancer, overweight and 

obesity are associated with increased risk of presenting with T3/T4 tumors and N1/N2 

lymph node staging.76 The use of restriction or stratification by disease stage in the 

statistical analysis may help to isolate the effects of overweight and obesity; such approaches 

have been implemented in patients with gastric, pancreatic, and colorectal cancers. Lastly, 

the relationship between overweight or obesity and prognosis may be confounded by 

unknown or unmeasured variables.

There are multiple areas of promise that warrant continued investigation.6 Overweight and 

obesity is the result of chronic energy imbalance—too much energy consumed and too little 

energy expended. The comparative contributions of weight, dietary patterns, and physical 

activity on cancer progression are unknown.6 Therefore, the key provocative question is 

whether and when weight loss is needed to alter disease outcomes, versus modifying 

individual energy balance components such as dietary patterns (calorically similar but 

nutritionally different) or energy expenditure (via physical activity) and/or altering body 

composition. For example, participation in post-diagnosis of physical activity is associated 

with lower rates of disease recurrence and death among patients with stage III colon cancer, 

independent of BMI.77 In the absence of weight loss, participation in physical activity is 

associated with a variety of changes in body composition including increases in skeletal 

muscle mass, reductions in intra-abdominal adiposity, and improvements in various 

inflammatory and metabolic markers.78,78 There is a need to conduct interventional studies 

that aim to gather important data regarding feasibility, safety, and the effects of altering and 

sustaining behavioral changes on intermediate biomarkers. These studies will help to clarify 

the comparative contributions of individual energy balance related factors, and refine key 

design aspects to be used in definitive phase III trials with disease endpoints.

Another area of critical importance is unraveling the biological mechanisms that mediate the 

relationship between energy balance and prognosis. This knowledge will help to refine the 

development of interventions and identify which patients are most likely to benefit. Large-

scale clinical trials of chemotherapy, targeted therapy, radiation, and other related 

interventions should measure BMI, and other energy balance related variables such as waist 

circumference, physical activity, dietary intake, and biological markers, as feasible. Clinical 

trials offer an excellent resource to embed energy balance and correlative science companion 

measures, as the study populations are often large, well-defined (homogeneous), with 

complete treatment-related information, and excellent long-term outcome data collection. 

The relationship between sarcopenia or sarcopenic-obesity (low skeletal muscle in the 

presence of a high BMI) and cancer outcomes, and the biological mechanisms that mediate 

this relationship are a promising area that warrants additional investigation. Finally, an 

important area of investigation is which patients with GI cancer should (versus should not) 

alter their current states of energy balance, and if it is stage dependent. For example, in 

colorectal cancer, there is evidence that class II/III obesity is associated with a worsened 

prognosis in the adjuvant setting, but a more favorable prognosis in the metastatic setting. 
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Conversely, in pancreatic cancer, class II/III obesity appears to have a consistent adverse 

effect on prognosis in resectable, locally advanced, and metastatic disease.

Conclusion

In conclusion, GI oncology providers are likely to treat a high proportion of patients who are 

overweight or obese at the time of diagnosis. There is emerging evidence from observational 

studies that overweight and/or obesity is an adverse prognostic characteristic among various 

GI cancers. GI oncology providers are uniquely positioned to help encourage healthy 

lifestyle practices related to energy balance that promote weight management and weight 

loss. Additional data from prospective studies and randomized trials are urgently needed. 

These additional data will allow for more definitive guidance to patients with GI cancer.
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Figure 1. 
A simplified model of modifiable factors related to energy balance (adapted from Demark-

Wahnefried et al.6)
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Figure 2. 
J-shape relationship between body mass index and time to recurrence in patients with stage 

III colon cancer (adapted from Renfro et al.79)
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Table 1

World Health Organization Classification of Body Mass Index

Body Mass Index (kg/m2) Classification

<18.5 Underweight

18.5–24.9 Normal

25.0–29.9 Overweight

30.0–34.9 Obese Class I (moderately obese)

35.0–39.9 Obese Class II (severely obese)

≥40.0 Obese Class III (very severely obese)
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