
Research Article
The Association of Waist Circumference with the Prevalence and
Survival of Digestive Tract Cancer in US Adults: A Population
Study Based on Machine Learning Methods

Xingyu Jiang ,1 Qi Liang ,1 Huanhuan Xu ,1 Shouyong Gu ,2 and Lingxiang Liu 1

1Department of Oncology, The First Affiliated Hospital of Nanjing Medical University, 300 Guangzhou Road,
Nanjing 210029, China
2Geriatric Institute, Jiangsu Province Geriatric Hospital, Nanjing Medical University Affiliated Geriatric Hospital,
Nanjing 210029, China

Correspondence should be addressed to Shouyong Gu; gushouyong@jspgh.com and Lingxiang Liu; llxlau@163.com

Received 5 August 2022; Accepted 21 September 2022; Published  October 2022

Academic Editor: Jincheng Wang

Copyright © 2022 Xingyu Jiang et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Aims. This paper aims to investigate the relationship of waist circumference (WC) with digestive tract cancer morbidity and
mortality. Methods. Based on the data from a nationally representative US population survey, we summarized the prevalence of
digestive tract cancer and all-cause mortality of cancer patients across WC quartiles. Adjusted logistic regression and restricted
spline curve were used to analyze WC and the prevalence of digestive tract cancer. Moreover, Cox regression and the Kaplan-
Meier curve were applied to investigate the association of WC with all-cause mortality. We also attempted to make a model to
predict cancer happening. Results. This paper included a total of 34,041 participants, with digestive tract cancer observed in
265 (0.7%) individuals. WC was positively associated with digestive tract cancer morbidity after full adjustment of covariates
(OR: 1.72 and 95% CI: 1.41-2.10). Also, individuals in the highest WC group had a higher risk of digestive tract cancer (Q4,
OR: 2.71 and 95% CI: 1.48-5.00). Moreover, no significant association was observed in upper digestive cancer, and WC was
associated with a longer survival time once diagnosed (hazard ratio (HR): 0.50 and 95% CI: 0.28-0.92). Finally, the model we
made proved to be effective. Conclusion. High WC is a risk factor for digestive tract cancer with or without adjusting for body
mass index, especially those located in the lower digestive tract. However, once digestive tract cancer has been diagnosed,
patients with higher WC showed better survival outcomes. Moreover, machine learning methods can be used to predict
digestive tract cancer risk in the future.

1. Introduction

Over the past decade, obesity has become a growing health
threat worldwide, which is estimated to contribute to about
11.9% of cancer in males and 13.1% in females [1, 2]. Accu-
mulating research had certificated that obese individuals
were at an elevated of multiple digestive system cancer,
including esophagus, gastric, colon, and rectal cancer [3–7].

Body mass index (BMI) is currently the foremost
anthropometric index to evaluate the fat distribution of the
body or the related health risk in most studies [8, 9]. How-
ever, obesity is a heterogeneous metabolic condition:
Abdominal fat accumulation results in a more adverse obe-

sity phenotype associated with worse metabolic profiles than
subcutaneous accumulation. BMI alone is unable to capture
the distribution of body fat or distinguish between adipose
and muscle tissue [10]. A mildly elevated BMI (25-30 kg/
m2) was reported to improve the survival of certain digestive
tract cancer [11, 12]. Therefore, BMI is insufficient to fully
understand obesity-related digestive tract cancer risk.

Among the several body measures, WC strongly corre-
lates with abdominal fat distribution [13], and self-
measurement of WC can be obtained easily. A recent con-
sensus statement emphasized the importance of WC in clin-
ical practice, given the advantages in stratifying obesity-
related health risks than BMI [10, 14]. There used to be
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several studies revealing that WC had an adverse implication
on all-cause death and cancer-related mortality [15–18].
Interestingly, after adjusting WC, BMI seemed to be a pro-
tective or neutral factor [10]. Instead, the clinical significance
of WC can be fully demonstrated only after adjusting BMI
[10, 19]. However, most evidence was from cardiovascular
or metabolic diseases, and few studies investigated the asso-
ciation between WC and cancer prevalence with BMI
adjusted for [20–24]. It remains unclear whether high WC
could elevate the risk of digestive tract cancer.

Therefore, this article aims to analyze the relationship of
WC with the prevalence and prognosis of digestive tract
cancer.

2. Materials and Methods

2.1. Data Source. National Health and Nutrition Examina-
tion Survey (NHANES) is a publicly available database
recording fit and nutrition conditions of adults and teen-
agers in the US (https://www.cdc.gov/nchs/nhanes/irba98
.htm). The continuous NHANES data were collected in a
2-year cycle via face-to-face conversation and physical or
laboratory examination. Our research used the 7 continuous
NHANES data cycles, including (2001-2002, 2003-2004,
2005-2006, 2007-2008, 2009-2010, 2011-2012, and 2013-
2014). Demographic characteristics, dietary, lifestyle factors,
education levels, and medical conditions were collected via
the conversation. Physical examinations, including weight,
height, and WC, were measured in the mobile examination
centers [25]. Moreover, the National Death Index (NDI)
was used to investigate the association of all-cause mortality
with digestive tract cancer patients. This database collects
information about death or censoring by a medical examina-
tion (December 31, 2015).

All individuals aged ≥18 years with matched survival
data were included, while those who were (1) without
weight, height, or WC information (n = 2326) and (2) preg-
nant (n = 1081) were excluded from further analysis.
NHANES followed the Health and Human Services policy
and was approved by the National Center for Health Statis-
tics. Sample participants were fully informed of the process
and consented to participate in this survey.

2.2. Measurement of BMI and WC. BMI is calculated as the
following equation: BMI =weight ðkilogramsÞ/height ðmete
rs squaredÞ. Next, BMI was divided into groups following
the categories of World Health Organization (WHO):
<18.5 kg/m2 is underweight, 18.5-24.9 kg/m2 is normal
weight, overweight is defined as 25.0-29.9 kg/m2, class I obe-
sity means BMI between 30.0 and 34.9 kg/m2, class II obesity
means 35.0 and 39.9 kg/m2, and class III obesity means
≥40 kg/m2. Waist circumference was measured at the end
of normal expiration in a standing position. It was measured
above the uppermost lateral border of the right ilium, to the
nearest 0.1 cm with the tape snug but not compressing the
skin. The classification standard of WHO is between 94
and 101.9 cm for men and 80.0 and 87.9 cm for women,
based on which abdominal obesity was defined as a WC
greater than 102 in men and 88 in women [10]. More details

are recorded in the Anthropometry Procedures Manual of
NHANES (https://www.cdc.gov/nchs/data/nhanes/nhanes_
07_08/manual_an.pdf).

2.3. Definition of Digestive Tract Cancer. In the face-to-face
conversation, participators were asked the following two
questions: (1) “whether they were ever told that they had
cancer or malignancy” and (2) “which kind of cancer or
malignancy they suffered by the health professionals.” In this
paper, individuals with malignant tumors in the esophagus
(n = 17, 0.04%), stomach (n = 26, 0.07%), colon (n = 217,
0.64%), and rectum (n = 12, 0.04%) were defined as patients
with digestive tract cancer. Among them, small bowel cancer
was not present in the dataset due to its low prevalence.
Moreover, we stratified the digestive tract cancer into the
upper and lower. Esophagus cancer and stomach cancer
belong to the upper digestive tract cancer, and the rest
belong to the other. These definitions were consistent with
several epidemiological original types of research and one
meta-analysis [26–28].

2.4. Covariates. Covariates were included by taking reference
to the previous studies: age, gender (male or female), race
(non- Hispanic Whites, non-Hispanic Blacks, Mexican
Americans, other Hispanic, and other races), economic sta-
tus (described as poverty-income ratio), and different educa-
tion levels (not attended high school, high school, college, or
above) [29, 30]. Diabetes history (diabetes, borderline diabe-
tes, or nondiabetic) and whether they were smokers or alco-
holics were collected using a health questionnaire during the
conversation. Participants who smoked 100 cigarettes or
above in their lifetime were recorded as smokers; partici-
pants who consumed 12 drinks or above per year were
recorded as alcoholics [31]. Hemoglobin A1c (HbA1c)
(mmol/L) and fasting plasma glucose (FPG) (mmol/L) were
obtained in the laboratory, whereas the estimated glomerular
filtration rate (eGFR) was calculated according to chronic
kidney disease-epidemiology collaboration [32].

2.5. Statistical Analysis. First, we preprocessed the dataset via
multiple imputations to fill missing values (except the out-
come variable) to maximize statistical power and minimize
deviation [33, 34]. We used the Kolmogorov-Smirnov test
to test whether the continuous data is the normal distribu-
tion or skewed distribution. Normally distributed variables
were presented as mean ± standard deviation, whereas
skewed distributed variables were presented as median with
Q1-Q3. Categorical variables were presented as percentages.
Characteristics between those with or without digestive tract
cancer risk were compared by one-way ANOVA analysis
(normally distributed variables), Kruskal-Wallis test (non-
normal distributed variables), and chi-square test (categori-
cal variables) as appropriate. Most cancer patients are
elderly, so we separated the age as <80 and≥80 to make
the underlying association clearer. We used the adjusted
logistic regression models to analyze the association between
WC and digestive tract cancer risk, and the results were
shown as OR with a 95% CI. In the minimally adjusted
model, only old age, gender, smoking, drinking, and HbA1c
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were in adjustment. The BMI was additionally adjusted for
the fully adjusted model. WC was also analyzed as four cat-
egories grouped by interquartile range in the regression
model, setting the lowest group (55.5 to 86.8 cm) as the ref-
erence. In contrast, we performed a similar logistic regres-
sion analysis on BMI and the prevalence of digestive tract
cancer. Moreover, a restricted cubic spline with 5 knots
(5%, 25%, 50%, 72.5%, and 95%) was used to illustrate the
relationship between WC and digestive tract cancer. The
median WC (97.0 cm) was set as a reference point according
to the guidance [35]. We also modelled the underlying rela-
tionship between upper digestive and lower digestive using
restricted cubic spline, respectively. Additionally, sensitivity
analyses were employed to investigate this association in dif-
ferent subgroups, involving cancer subtypes (upper digestive
and lower digestive), BMI (<25, 25-30, 30-35, and ≥35), WC
(> median and ≤ median), and sex (male and female) cate-
gories. For a more in-depth study of the relationship
between WC and digestive tract cancer, we further divided
WC into <80 or ≥80 and divided WC according to the pres-
ence or absence of abdominal obesity (male: ≥102 and
female: ≥88).

Furthermore, we adopted multivariate Cox regression
analysis to assess the relationship of WC and BMI with all-
cause mortality, and the associations were shown by hazard
ratio (HR) with 95% CI. Apart from old age, gender, smok-
ing, drinking, and HbA1c, WC and BMI were also mutually
adjusted for. The impact of WC (≤ median and>median)
on overall survival for those with digestive tract cancer was
illustrated by a Kaplan-Meier curve. We also conducted the
same curve by dividing WC into abdominal obesity or not.
Statistical significance was defined as a value of P < 0:05. R
software performed all statistical analyses (version 4.1.2;
binary for macOS 11, Big Sur).

2.6. Prediction Model. Moreover, on the basis of the analysis
we conducted above, a prediction model was accomplished
to evaluate the risk of digestive tract cancer. The predictive
factors were identified in the logistic regression analysis or
in line with references, including waist circumference, body
mass index, age, race, gender, education, PIR levels (pov-
erty-income ratio), FPG, smoking, drinking, diabetes, and
HbA1c. After eliminating missing values for each variable,
476 samples were eligible. 70% of the samples were used in
constructing the model, and the other 30% group served as
a validation set. The area under the receiver operating char-
acteristic curve (AUC-ROC) was used to assess the discrim-
ination ability of the predictive model.

3. Results

3.1. Characteristics of Baseline Data. Of the 37448 individ-
uals aged between ≥18 in the NHANES population, 2326
were excluded due to the lack of a valid BMI or WC and
1081 due to pregnancy. This study eventually involved
34,041 participants, and 265 (0.7%) individuals were diag-
nosed with digestive tract cancer (Figure 1). Among partici-
pants, 50% were female, the median age at inclusion was 46
years (interquartile range, IQR 33–63), and the median WC

was 97 cm (IQR 86.8–108). Moreover, the number of partic-
ipants with abdominal obesity based on WC (male: ≥102
and female: ≥88) was 18359 (53.9%), with 164 of which
had digestive tract cancer; while 15658 participants did not
have abdominal obesity, the cancer case in which was only
77, showing that abdominal obesity was associated with
digestive tract cancer risk (chi-square test, P < 0:01). After
a median follow-up of 67 months, 97 cases of all-cause death
were observed in those with digestive tract cancer, including
31 who died because of cancer-related diseases.

Table 1 summarizes the baseline characteristics of all
participants by WC qualities. Compared with the low WC
group, the high WC group was older, more male, and less
educated. Digestive tract cancer was more observed in the
participators with a high WC. Participants with a high WC
also had a more possibility to have elevated HbA1c, high
FPG, high eGFR, more self-reported diabetes, and more
self-reported diseases in the cardiovascular system. Besides,
more current smokers and alcoholics were in the low WC
and normal WC category than those in the high WC
category.

3.2. Association of WC with Digestive Tract Cancer. WC was
significantly correlated with the risk of digestive tract cancer
(Table 2). In the non-adjusted, minimally adjusted, or fully
adjusted models, the ORs with 95% CI were 1.15 (1.07-
1.23), 1.13 (1.04-1.22), and 1.72 (1.41-2.10), respectively.
After adjusting fully for old age, gender, smoking, drinking,
HbA1c, and BMI, individuals with high WC (Q4) had a
2.71-fold increased risk of digestive tract cancer compared
to the lowest quartile (Q1). In Figure 2(a), the restricted
cubic spline shows a consistent and significant positive asso-
ciation between WC and digestive tract cancer morbidity.
However, no significant association was observed between
WC and upper digestive cancer (Figure 2(b)). In contrast,
lower digestive cancer remained significantly associated with
WC (Figure 2(c)).

3.3. Association of BMI with Digestive Tract Cancer. In the
non-adjusted and minimally adjusted models, there was no
significant association between BMI and digestive tract can-
cer morbidity (OR: 1.01, 95% CI=0.92-1.10; OR: 1.05; and
95% CI=0.95-1.15). However, after fully adjusting the
model, the BMI was found to be a protective factor for diges-
tive tract cancer (OR: 0.57 and 95% CI: 0.44-0.73). More-
over, when calculated as a categorical valuable, the OR for
BMI were 0.60 (0.41-0.87), 0.47 (0.28-0.79), 0.26 (0.12-
0.55), and 0.17 (0.06-0.47) in the overweight, class I obesity,
class II obesity, and class III obesity groups. This association
was not found in the patients under normal weight (OR:
1.34 and 95% CI=0.40-3.37) (Table 3).

3.4. Sensitivity Analysis. Figure 3 shows the robust associa-
tion across cancer subtype (lower digestive), BMI (<25, 25-
30, 30-35, and ≥35 kg/m2), WC (above median: >97 cm;
and below median: ≤97 cm), and sex (male and female).
Importantly, when the cut-off WC was set smaller relatively,
although a consistent trend remained, WC was not associ-
ated with digestive tract cancer risk significantly in the
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subgroup of WC <80 cm (OR: 1.14 and 95% CI: 0.68-1.91)
and participants without abdominal obesity (men: <102
and women: <88) (OR: 1.22 and 95% CI: 0.83-1.80)
(Figure S1).

3.5. Survival Analysis. After adjusting the BMI, WC was
associated with a decrement in all-cause mortality (HR:
0.50 and 95% CI: 0.28-0.92). On the contrary, BMI did not
show a statistical association once adjusting for the WC
(HR: 0.45 and 95% CI: 0.13-1.58) (Table 4). The Kaplan-
Meier curve revealed that the survival time was longer
among higher WC categories (P = 0:0097). Patients whose
WC was below or equal to the median (≤97 cm) showed sta-
tistically poorer 5-year survival compared with those with a
WC above the median (>97 cm) (Figure 4). More impor-
tantly, the same conclusion is still met when dividing the
WC value according to whether it is consistent with abdom-
inal obesity (abdominal obesity, male: ≥102, and female:
≥88) (Figure S2).

3.6. Prediction Model. As to the model we build, the AUC-
ROC of the multivariate logistic regression model to predict
the probability of digestive tract cancer was 0.71 (95% CI
and 0.46-0.94). Moreover, the specificity of the proposed
nomogram was 0.708, the sensitivity was 0.750, and the
accuracy was 0.972 (Figure 5).

4. Discussion

Accumulating evidence indicates that fat distribution is a
primary cause of obesity heterogeneity [36, 37], and abdom-
inal obesity has been recognized as a more serious health
problem worldwide, surpassing even obesity defined by
BMI [38, 39]. Studies showed that the mean WC of China
increased to a greater extent among men and women sepa-

rately after an adjustment of BMI over 1993-2011 [40]. A
similar trend was also observed in the US, England, Mexico,
and Canada [40, 41]. Currently, WC is adopted more fre-
quently than BMI or waist-to-hip ratio as the preferred body
metric for assessing abdominal fat accumulation, suggesting
a more robust association with absolute visceral fat mass [10,
42]. Visceral fat is the underlying culprit for health problems
but can only be measured by using expensive instruments
directly [43]. In summary, abdominal obesity due to WC
significantly increased the adverse health risk, regardless of
BMI adjustment.

However, the association between WC and digestive
tract cancer now is still vague, and only a few researchers
focus on the relationship between WC and digestive tract
cancer risk. A recent cross-sectional study reported high
WC associated with increased colorectal cancer incidents
based on 63057 South Korean population with normal
weight [14]. The sample size and selection bias (normal-
weight individuals from the health checkup program) made
it difficult to generalizable to populations in different set-
tings. In another meta-analysis of prospective studies, Du
et al. analyzed the association of WC with total gastroesoph-
ageal cancer. It was reported that WC was associated with
gastric cancer and esophageal cancer (for gastric cancer, rel-
ative risk, RR = 1:48 and 95%CI = 1:20 − 1:83; for esopha-
geal cancer, RR = 2:13 and 95%CI = 1:07 − 4:22), while
waist-to-hip ratio associated with gastric cancer only (for
gastric cancer, RR = 1:40 and 95%CI = 1:08 − 1:82; for
esophageal cancer, RR = 2:30 and 95%CI = 0:86 − 6:17)
[24]. Similarly, Dong et al. [23] performed a meta-analysis
on 134,356,0 participants to clarify the association between
abdominal obesity and the incidence of colorectal cancer;
the relative risk for total colorectal cancer was of more sig-
nificance in those with greater WC, compared to the low cat-
egory of WC (RR = 1:42 and 95%CI = 1:30 − 1:55) [23].

Participants from NHANES 2001-2014 with age, sex, race, PIR levels, education, waist circumference,
BMI, smoking/drinking condition, diabetes, physical condition and whether they have a digestive
tract cancer.

Eligible data (n = 37448)

Enrolled data (n = 34041)
Patients with digestive tract cancer ( n = 265 )

Excluded standard
Without BMI or waist circumference. ( n = 2326 ) 
Pregnant. ( n = 1081 )(ii)

(i)

Figure 1: Flow chart of selection of eligible participants. NHANES: National Health and Nutrition Examination Survey.
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However, few of the included studies in these two meta-
analyses studies conducted further adjustments between
WC and BMI to clarify their independent role. A consensus
statement clearly stated that the robustness of WC and all-
cause morbidity can be fully recognized only after adjust-

ment for BMI [10]. Besides, these two meta-analyses did
not provide a thorough review of digestive tract cancer.

Consistent with previous studies, we revealed that WC
was positively correlated with digestive tract cancer. More
importantly, our result ulteriorly showed that the adverse

Table 1: Baseline characteristics divided by quartile of waist circumference.

Q1 (55.5, 86.8) Q2 (86.8, 97) Q3 (97, 108) Q4 (108, 178) P

N 8520 8591 8443 8487

Digestive tract cancer (%) 45 (0.5%) 64 (0.7%) 70 (0.8%) 86 (1.0%) 0.004

Age (years) 37.0 (25.0, 53.0) 47.0 (34.0, 62.0) 53.0 (39.0, 65.0) 53.0 (39.0, 65.0) <0.001
Gender (female, %) 5312 (62.3%) 4263 (49.6%) 3690 (43.7%) 3787 (44.6%) <0.001
Race (%) <0.001

Non-Hispanic White 3813 (52.1%) 3735 (47.7%) 3988 (49.8%) 4306 (52.4%)

Non-Hispanic Black 1758 (24.0%) 1661 (21.2%) 1669 (20.8%) 2073 (25.2%)

Mexican American 1116 (15.2%) 1672 (21.3%) 1685 (21.0%) 1294 (15.8%)

Other Hispanic 632 (8.6%) 770 (9.8%) 664 (8.3%) 542 (6.6%)

PIR level (%) <0.001
<1.33 2550 (29.9%) 2433 (28.3%) 2401 (28.4%) 2627 (31.0%)

1.33-3.50 2751 (32.3%) 2938 (34.2%) 2895 (34.3%) 2942 (34.7%)

≥3.50 3219 (37.8%) 3220 (37.5%) 3147 (37.3%) 2918 (34.4%)

Education (%) <0.001
Below high school 1906 (22.4%) 2435 (28.4%) 2451 (29.0%) 2349 (27.7%)

High school 1841 (21.6%) 1914 (22.3%) 2044 (24.2%) 2140 (25.2%)

Above high school 4760 (56.0%) 4233 (49.3%) 3943 (46.7%) 3995 (47.1%)

Waist circumference (cm) 80.1 (75.6, 83.6) 92.2 (89.6, 94.6) 102.0 (99.4, 104.8) 116.3 (111.4, 124.3) <0.001
BMI (kg/m2) 22.2 (20.4, 23.9) 26.1 (24.4, 27.8) 29.3 (27.5, 31.4) 35.4 (32.3, 39.7) <0.001
Esophagus cancer 4 4 6 3 0.765

Stomach cancer 9 7 6 4 0.579

Colon cancer 29 53 57 78 <0.001
Rectal cancer 4 1 3 4 0.566

HbA1c (mmol/L) 5.3 (5.1, 5.5) 5.4 (5.2, 5.7) 5.5 (5.3, 5.9) 5.7 (5.4, 6.2) <0.001
FPG (mmol/L) 87.0 (81.0, 94.0) 91.0 (85.0, 100.0) 94.0 (87.0, 105.0) 98.0 (89.0, 115.0) <0.001
Smoking (yes, %) 3508 (41.2%) 3807 (44.3%) 4059 (48.1%) 4352 (51.3%) <0.001
Drinking (yes, %) 1087 (12.8%) 1099 (12.8%) 1086 (12.9%) 1301 (15.3%) <0.001
Diabetes (yes, %) 413 (4.8%) 985 (11.5%) 1561 (18.5%) 2574 (30.3%) <0.001
eGFR (ml/min/1.73m2) 95.7 [76.2, 114.3] 102.8 [78.1, 126.0] 108.4 [83.4, 137.1] 133.7 [100.8, 172.5] <0.001
BMI: body mass index; HbA1c: hemoglobin A1c; FPG: fasting plasma glucose; eGFR: estimated glomerular filtration rate.

Table 2: Association of waist circumference with digestive cancer using logistic regression models.

Items
Non-adjusted model Minimally adjusted model Fully adjusted model

Odds ratio P Odds ratio P Odds ratio P

Waist circumference (per 10 cm) 1.15 (1.07-1.23) <0.001 1.13 (1.04-1.22) 0.002 1.72 (1.41-2.10) <0.001
Categories

Q1 (55.5,86.8) Reference Reference Reference

Q2 (86.8,97) 1.41 (0.97-2.08) 0.076 1.26 (0.86-1.87) 0.239 1.47 (0.98-2.25) 0.082

Q3 (97,108) 1.57 (1.09-2.31) 0.018 1.30 (0.89-1.92) 0.182 1.72 (1.08-2.77) 0.025

Q4 (108,178) 1.93 (1.35-2.79) <0.001 1.65 (1.14-2.41) 0.009 2.71 (1.48-5.00) 0.001

Minimally adjust model: adjusted for age (<80 and ≥80), gender, smoking, drinking, and HbA1c. Fully adjust model: adjusted for age (<80 and ≥80), gender,
smoking, drinking, HbA1c, and BMI.
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effects of WC persisted even after the adjustment of BMI.
Therefore, WC is a strong anthropometric cancer biomarker
under any total weight. Those with similar BMI but higher
WC represent a phenotype with increased deposition of vis-
ceral adipose tissue, rather than the subcutaneous adipose
tissue beneath the skin [44]. Visceral adipose tissue is now
considered metabolic tissue, playing an important role in
immunological, metabolic, and endocrine functions. The
pro-inflammatory cytokines (such as tumor necrosis fac-
tor-α, interleukin-6, and interleukin-1β) from visceral adi-
pose tissue contribute to a chronic inflammatory state in
the whole body, thus creating a general environment better

suitable for tumor growth [45]. As a measurement, WC
can be an alternative to visceral adipose tissue [46]. A recent
study compared five indicators for measuring visceral fat tis-
sue, demonstrating that WC was plausible to reflect visceral
fat accumulation. Unlike WC, BMI is only a weak support
measurement of visceral adipose tissue [47]. A preceding
study was convinced that abdominal obesity could predict
advanced cancer better than BMI [48]. Besides, the WC
threshold is currently designed to replace BMI as a proxy
for the anthropometric index of obesity without considering
its unique advantages in estimating cancer risk. Our findings
offered the possibility of establishing a new WC grading
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Figure 2: (a) Restricted cubic spline plots of the association between waist circumference and digestive tract cancer. The association was
adjusted for age (<80 and≥80), gender, smoking, drinking, HbA1c, and BMI. The median of the waist circumference was set as the
reference for this figure. (b) Restricted cubic spline plots of the association between waist circumference and lower digestive tract cancer.
(c) Restricted cubic spline plots of the association between waist circumference and upper digestive tract cancer. BMI: body mass index;
CI: Confidence interval.
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scale consistent with BMI, from the perspective of cancer
development. Further studies are expected to make this
vision a reality.

Also, subgroup analysis in our study showed that WC
and the upper digestive tract cancer risk association were
not statistically significant. Refined restricted cubic splines
of our study showed the same result. The upper digestive

tract difference with WC has been reported in previous stud-
ies [24, 49, 50]. However, a recent study based on the UK
Biobank database conducted a more detailed survey and
came to a different result. It reported that WC associated
with morbidity of esophageal adenocarcinoma (highest vs
lowest category: HR = 2:30 and 95%CI = 1:47 − 3:57) and
with gastric cardia cancer only in men (HR = 2:21 and 95%
CI = 1:27 − 3:84). Besides, it reported that there was no sta-
tistically significant association of WC with other tissue
types of upper digestive tract cancer, which is in line with
the result our article observed [51], reminding us that the
histological type of cancer may have an impact on causality.

Moreover, we found that when WC was set to a lower
cut-off value in sensitivity analysis, the association between
WC and digestive tract cancer became vague. Although
these relationships were still approximately positive, their
95% CI continue to widen with the decreasing of cut-off
values (Figure 3, Figure s1). Also, Wei et al. conducted a

Table 3: Association of BMI with digestive cancer using logistic regression.

Items
Non-adjusted model Minimally adjusted model Fully adjusted model

Odds ratio P Odds ratio P Odds ratio P

BMI (per 5 kg/m2) 1.01 (0.92-1.10) 0.835 1.05 (0.95-1.15) 0.359 0.57 (0.44-0.73) <0.001
BMI categories

Normal weight Reference Reference Reference

Underweight 0.87 (0.26-2.10) 0.785 0.79 (0.24-1.92) 0.646 1.34 (0.40-3.37) 0.581

Overweight 1.01 (0.74-1.37) 0.963 0.98 (0.72-1.34) 0.892 0.60 (0.41-0.87) 0.007

Class I obesity 1.14 (0.81-1.60) 0.438 1.17 (0.83-1.66) 0.362 0.47 (0.28-0.79) 0.004

Class II obesity 0.89 (0.53-1.43) 0.642 0.99 (0.58-1.60) 0.961 0.26 (0.12-0.55) <0.001
Class III obesity 1.03 (0.58-1.71) 0.926 1.22 (0.68-2.08) 0.476 0.17 (0.06-0.47) <0.001
Minimally adjust model: adjusted for age (<80 and ≥80), gender, smoking, drinking, and HbA1c. Fully adjust model: adjusted for age (<80 and ≥80), gender,
smoking, drinking, HbA1c, and waist circumference.

Cancer subtype
Upper digestive

Lower digestive

BMI (kg/m2)
< 25

25-30

30-35

≥ 35

Waist circumference (cm)
Above medium

Below medium

Sex
Male

Female

1.14 [0.68, 1.91]

1.82 [1.47, 2.25]

1.74 [1.14, 2.63]

1.62 [1.13, 2.34]

2.02 [1.34, 3.01]

1.66 [1.05, 2.66]

1.89 [1.44, 2.48]

1.61 [1.08, 2.42]

2.08 [1.54, 2.79]

1.54 [1.18, 2.02]

0.5 1 1.5 2 2.5 3

Classifications Odd Ratios (95% CI) The prevalence of digestive tract cancer

Figure 3: Sensitivity analysis on the association between waist circumference and digestive tract cancer risk based on logistic regression
analysis. The association was adjusted for BMI, age, gender, smoking, drinking, and HbA1c. CI: confidence interval; BMI: body mass index.

Table 4: Association of waist circumference with all-cause
mortality of digestive cancer using cox regression model.

Items Hazard ratio (95% CI) P value

Waist circumference (per 10 cm) 0.50 (0.28-0.92) 0.025

Body mass index (kg/m2) 0.45 (0.13-1.58) 0.211

Cox regression model adjusted for age (<80 and ≥80), sex, smoking
condition, drinking condition, HbA1c, and interaction between waist
circumference and BMI.
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cohort study on 104,825 males in China to clarify the
association between WC and primary liver cancer. After a
median of 8.9 years of follow-up, they found a U-shaped
association between WC and the prevalence of cancer

using a restricted cubic spline model (P-non-linear = 0.017)
[52]. This article reminds us that when the WC is in a low
range, the result comes differently. However, all
participants in our study came from an American
database. Different from the Asian populations, the overall
distribution of WC in our study was mostly concentrated
in a large value (Figure S3). It is difficult to analyze these
changes at lower WCs due to the limited sample in
NHANES.

Interestingly, once digestive tract cancer had developed,
WC became a protective factor against all-cause mortality
in patients (HR = 0:50 and 95%CI = 0:28 − 0:92). Several
studies had similar findings. For example, Lo et al. [53]
found that BMI (OR : 0:95 and 95%CI = 0:87 to 1.03) and
elevated WC (OR : 0:82 and 95%CI = 0:67 to 0.99) had an
inverse association with cancer-caused mortality. A Cox
regression model on 3976 African-American participants
in the Jackson Heart Study (JHS) showed a J-shape relation-
ship between WC and overall mortality, after adjusting age,
sex, and smoking [54]. Besides, a study investigating the obe-
sity paradox showed that overweight and class I obese (BMI
25-35 kg/m2) patients always have a low risk of all-cause
mortality after cancer has been diagnosed [55]. However, a
recent meta-analysis study found that in women, obesity
was associated with higher all-cause and cancer-related mor-
tality in breast cancer [56]. It is of great difference from the
findings summarized above, where a high WC appears to be
of survival benefit. In summary, during a subset rather than
the general population, WC was associated with the decline
of all-cause mortality in patients. This result is partially con-
sistent with our research. As a cross-sectional analysis and
limited by the NHANES database, we only accumulate data
from participants at a certain point in time, ignoring the
reverse causation that might exist between WC and the
length of survival. Since individuals with cancer have more
possibility of a long-time weight loss and decrement of the
WC, this limitation may lead to a difference in findings.

Finally, as an extension of previous work, we build a
model to evaluate the risk of digestive tract cancers, showing
that machine learning algorithms might be a potential tool
to predict the occurrence of digestive tract cancers univer-
sally, with the factors like waist circumference.

The advantages of this study should be highlighted.
Firstly, the database came from the NHANES, a large, con-
stantly updated database. There had a lot of studies using
this database to analyze questions, involving cardiovascular
diseases, cancers, and metabolic diseases [57–59]. Secondly,
previous articles tended to prefer analyzing single cancer
and physical indicators such as BMI or WC [60–62]. This
article summarized the relationship between cancers that
were prone to occur in the entire digestive tract and WC.
Thirdly, the association between WC and digestive tract can-
cer was investigated after adjusting the BMI. This result sug-
gests that WC, independent of BMI, can be a more relevant
anthropometric factor than BMI per se. Last but not the
least, we made a model to predict cancer happening, show-
ing that machine learning is a tendency in the future to pre-
dict digestive tract cancer. There are still some limitations in
this study. First, chronic diseases, such as cancer, can cause
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Figure 4: A Kaplan-Meier curve of the association between waist
circumference and all-cause mortality of digestive tract cancer in
the following 60 months (5 years). The waist circumference was
divided by median into two groups (≤97 cm and>97 cm), and the
survival comparison among groups was adjusted by the
Bonferroni-Holm method. WC: waist circumference.
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Figure 5: The receiver operating characteristic curve of the
identification ability of the proposed nomogram. The nomogram
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the curve of 0.71 (95% confidence interval, 0.46-0.94), specificity
of 0.708, sensitivity of 0.750, and accuracy of 0.972.
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weight loss [63]. However, due to insufficient data, this arti-
cle failed to consider the loss of weight caused by long-term
chronic diseases. Second, despite the huge size of the
NHANES, the amount of upper digestive tract cancer
patients in this study was quite small (esophagus cancer:
17, gastric cancer: 26, and total: 43), which may skew the
results of this study. The future direction of research will
expand the proportion of cancer cases in the total sample
size and investigate the relationship between cancer histo-
logical types and high WC. Also, most of the cancer data
in this article came from the self-reports of patients. There
was a possibility that the patient himself was not informed
of the condition by the doctor out of humanitarianism.
Thirdly, the cross-sectional study of cancer was difficult to
judge the causal link. Cohort studies may have a good dis-
play of causality; a population-based cohort study that inves-
tigated colorectal cancer strongly demonstrated the causality
between WC and colorectal cancer [64]. In the next phase of
the task, we suggest conducting a cohort study of WC and
cancer with a larger database. Finally, previous studies
showed that male and female obesity differed in physiology
and indicators [65, 66]. Due to the limitation of sample size,
this article had not investigated the difference in cancer risk
of gender exhaustively and only accrued a subgroup analysis
of gender in the sensitivity analysis. Further research is
expected. Last but not least, the role of ageing in the associ-
ation between WC and digestive tract cancer should be fur-
ther investigated in the following research.

5. Conclusions

Measuring WC provides an additional opportunity to
improve the estimation of digestive tract cancer, especially
cancer located in the lower digestive tract. However, patients
with higher WC showed better survival once digestive tract
cancer have developed. Further studies should reveal the
association between WC and digestive tract cancer and use
machine learning methods to predict cancer happening.

Data Availability

The data used to support the findings of this study comes
from National Health and Nutrition Examination Survey
(NHANES), a publicly available database in the U.S
(https://www.cdc.gov/nchs/nhanes/irba98.htm).

Conflicts of Interest

The authors declared no conflict of interest.

Authors’ Contributions

Xingyu Jiang, Qi Liang, Shouyong Gu, and Lingxiang Liu
conceived and designed the study. Xingyu Jiang, Qi Liang,
and Huanhuan Xu analyzed the data. Xingyu Jiang and Qi
Liang wrote the paper. All authors provided critical revisions
of the manuscript and approved the final manuscript. Xin-
gyu Jiang and Qi Liang contributed equally to this work
and Lingxiang Liu is the primary corresponding author..

Acknowledgments

The authors sincerely acknowledge the NHANES research
group and all the people who contributed to the NHANES
data we studied. This study was supported by the National
Natural Science Foundation of China (81472782) and the
National Key Research and Development Program: the key
technology of palliative care and nursing for cancer patients
(2017YFC1309201). Grant sponsor: Yili Institute of Clinical
Medicine Grant ID: yl2021ms0.

Supplementary Materials

Supplementary 1. Figure S1. A supplemental sensitivity anal-
ysis. The WC was subgrouped into <80 or ≥80 and was sub-
grouped according to the presence or absence of abdominal
obesity (male: ≥102, female: ≥88).

Supplementary 2. Figure S2. A supplemental Kaplan-Meier
curve of the association between waist circumference and
all-cause mortality of digestive tract cancer in the following
60 months (5 years). The waist circumference was divided
by having abdominal obesity or not (male <102 cm, female
<88 cm and male ≥102 cm, female ≥88 cm).

Supplementary 3. Figure S3. The overall distribution of waist
circumference.

References

[1] C. Andolfi and P. M. Fisichella, “Epidemiology of obesity and
associated comorbidities,” Journal of Laparoendoscopic &
Advanced Surgical Techniques. Part A, vol. 28, no. 8,
pp. 919–924, 2018.

[2] K. I. Avgerinos, N. Spyrou, C. S. Mantzoros, andM. Dalamaga,
“Obesity and cancer risk: emerging biological mechanisms and
perspectives,” Metabolism, vol. 92, pp. 121–135, 2019.

[3] B. R. Alsop and P. Sharma, “Esophageal cancer,” Gastroenter-
ology Clinics of North America, vol. 45, no. 3, pp. 399–412,
2016.

[4] J. Garai, R. B. Uddo, M. C. Mohler et al., “At the crossroad
between obesity and gastric cancer,” Methods in Molecular
Biology, vol. 1238, pp. 689–707, 2015.

[5] M. Bardou, A. N. Barkun, and M. Martel, “Obesity and colo-
rectal cancer,” Gut, vol. 62, no. 6, pp. 933–947, 2013.

[6] K. R. Lee, M. H. Seo, K. Do Han, J. Jung, and I. C. Hwang,
“Waist circumference and risk of 23 site-specific cancers: a
population-based cohort study of Korean adults,” British Jour-
nal of Cancer, vol. 119, no. 8, pp. 1018–1027, 2018.

[7] N. Murphy, A. J. Cross, M. Abubakar et al., “A nested case-
control study of metabolically defined body size phenotypes
and risk of colorectal cancer in the European prospective
investigation into cancer and nutrition (EPIC),” PLoS Medi-
cine, vol. 13, no. 4, article e1001988, 2016.

[8] M. Recalde, V. Davila-Batista, Y. Díaz et al., “Body mass index
and waist circumference in relation to the risk of 26 types of
cancer: a prospective cohort study of 3.5 million adults in
Spain,” BMC Medicine, vol. 19, no. 1, p. 10, 2021.

[9] J. Han, Y. Zhou, Y. Zheng et al., “Positive effect of higher adult
bodymass index on overall survival of digestive system cancers
except pancreatic cancer: a systematic review and meta-

9Computational and Mathematical Methods in Medicine

https://www.cdc.gov/nchs/nhanes/irba98.htm
https://downloads.hindawi.com/journals/cmmm/2022/2492488.f1.pdf
https://downloads.hindawi.com/journals/cmmm/2022/2492488.f2.pdf
https://downloads.hindawi.com/journals/cmmm/2022/2492488.f3.pdf


analysis,” BioMed Research International, vol. 2017, Article ID
1049602, 15 pages, 2017.

[10] R. Ross, I. J. Neeland, S. Yamashita et al., “Waist circumfer-
ence as a vital sign in clinical practice: a consensus state-
ment from the IAS and ICCR working group on visceral
obesity,” Nature Reviews. Endocrinology, vol. 16, no. 3,
pp. 177–189, 2020.

[11] H. Lennon, M. Sperrin, E. Badrick, and A. G. Renehan, “The
obesity paradox in cancer: a review,” Current Oncology
Reports, vol. 18, no. 9, p. 56, 2016.

[12] E. M. Cespedes Feliciano, C. H. Kroenke, and B. J. Caan, “The
obesity paradox in cancer: how important is muscle?,” Annual
Review of Nutrition, vol. 38, no. 1, pp. 357–379, 2018.

[13] H. Fang, E. Berg, X. Cheng, and W. Shen, “How to best assess
abdominal obesity,” Current Opinion in Clinical Nutrition and
Metabolic Care, vol. 21, no. 5, pp. 360–365, 2018.

[14] Y. S. Jung, N. H. Kim, H. J. Yang et al., “Association between
waist circumference and risk of colorectal neoplasia in
normal-weight adults,” Journal of Gastroenterology and Hepa-
tology, vol. 35, no. 1, pp. 43–49, 2020.

[15] D. F. Quail and A. J. Dannenberg, “The obese adipose tissue
microenvironment in cancer development and progression,”
Nature Reviews. Endocrinology, vol. 15, no. 3, pp. 139–154,
2019.

[16] T. Pischon, H. Boeing, K. Hoffmann et al., “General and
abdominal adiposity and risk of death in Europe,” The New
England Journal of Medicine, vol. 359, no. 20, pp. 2105–2120,
2008.

[17] C. Zhang, K. M. Rexrode, R. M. van Dam, T. Y. Li, and F. B.
Hu, “Abdominal obesity and the risk of all-cause, cardiovascu-
lar, and cancer mortality,” Circulation, vol. 117, no. 13,
pp. 1658–1667, 2008.

[18] J. R. Cerhan, S. C. Moore, E. J. Jacobs et al., “A pooled
analysis of waist circumference and mortality in 650,000
adults,” Mayo Clinic Proceedings, vol. 89, no. 3, pp. 335–
345, 2014.

[19] M. G. O'Doherty, N. D. Freedman, A. R. Hollenbeck,
A. Schatzkin, and C. C. Abnet, “A prospective cohort study
of obesity and risk of oesophageal and gastric adenocarcinoma
in the NIH-AARP diet and health study,” Gut, vol. 61, no. 9,
pp. 1261–1268, 2012.

[20] R. Huxley, S. Mendis, E. Zheleznyakov, S. Reddy, and J. Chan,
“Body mass index, waist circumference and waist:hip ratio as
predictors of cardiovascular risk—a review of the literature,”
European Journal of Clinical Nutrition, vol. 64, no. 1, pp. 16–
22, 2010.

[21] Y. J. Lee, S. K. Myung, B. Cho et al., “Adiposity and the risk of
colorectal adenomatous polyps: a meta-analysis,” Cancer
Causes & Control, vol. 22, no. 7, pp. 1021–1035, 2011.

[22] Y. Ma, Y. Yang, F. Wang et al., “Obesity and risk of colorectal
cancer: a systematic review of prospective studies,” PLoS One,
vol. 8, no. 1, article e53916, 2013.

[23] Y. Dong, J. Zhou, Y. Zhu et al., “Abdominal obesity and colo-
rectal cancer risk: systematic review and meta-analysis of pro-
spective studies,” Bioscience Reports, vol. 37, no. 6, 2017.

[24] X. Du, K. Hidayat, and B. M. Shi, “Abdominal obesity and gas-
troesophageal cancer risk: systematic review andmeta-analysis
of prospective studies,” Bioscience Reports, vol. 37, no. 3, 2017.

[25] G. Zipf, M. Chiappa, K. S. Porter, Y. Ostchega, B. G. Lewis, and
J. Dostal, National Health and nutrition examination, survey:
plan and operations NCfHS, 2013.

[26] X. F. Zhang, X. K. Wang, Y. J. Tang et al., “Association of
whole grains intake and the risk of digestive tract cancer: a sys-
tematic review and meta-analysis,” Nutrition Journal, vol. 19,
no. 1, p. 52, 2020.

[27] F. Islami, A. Goding Sauer, K. D. Miller et al., “Proportion and
number of cancer cases and deaths attributable to potentially
modifiable risk factors in the United States,” CA: a Cancer
Journal for Clinicians, vol. 68, no. 1, pp. 31–54, 2018.

[28] P. Anand, A. B. Kunnumakara, C. Sundaram et al., “Cancer is
a preventable disease that requires major lifestyle changes,”
Pharmaceutical Research, vol. 25, no. 9, pp. 2097–2116,
2008.

[29] E. Oliveros, V. K. Somers, O. Sochor, K. Goel, and F. Lopez-
Jimenez, “The concept of normal weight obesity,” Progress in
Cardiovascular Diseases, vol. 56, no. 4, pp. 426–433, 2014.

[30] E. Giovannucci, A. Ascherio, E. B. Rimm, G. A. Colditz, M. J.
Stampfer, and W. C. Willett, “Physical activity, obesity, and
risk for colon cancer and adenoma in men,” Annals of Internal
Medicine, vol. 122, no. 5, pp. 327–334, 1995.

[31] X. Chen, G. Wei, T. Jalili et al., “The associations of plant
protein intake with all-cause mortality in CKD,” American
Journal of Kidney Diseases, vol. 67, no. 3, pp. 423–430,
2016.

[32] A. S. Levey, L. A. Stevens, C. H. Schmid et al., “A new equation
to estimate glomerular filtration rate,” Annals of Internal Med-
icine, vol. 150, no. 9, pp. 604–612, 2009.

[33] J. A. Sterne, I. R. White, J. B. Carlin et al., “Multiple imputation
for missing data in epidemiological and clinical research:
potential and pitfalls,” BMJ, vol. 338, no. jun29 1, article
b2393, 2009.

[34] J. C. Jakobsen, C. Gluud, J. Wetterslev, and P. Winkel, “When
and how should multiple imputation be used for handling
missing data in randomised clinical trials - a practical guide
with flowcharts,” BMC Medical Research Methodology,
vol. 17, no. 1, p. 162, 2017.

[35] L. Desquilbet and F. Mariotti, “Dose-response analyses using
restricted cubic spline functions in public health research,”
Statistics in Medicine, vol. 29, no. 9, pp. 1037–1057, 2010.

[36] A. Tchernof and J. P. Després, “Pathophysiology of human vis-
ceral obesity: an update,” Physiological Reviews, vol. 93, no. 1,
pp. 359–404, 2013.

[37] C. L. Donohoe, S. L. Doyle, and J. V. Reynolds, “Visceral adi-
posity, insulin resistance and cancer risk,” Diabetology and
Metabolic Syndrome, vol. 3, no. 1, p. 12, 2011.

[38] A. Kubo, M. B. Cook, N. J. Shaheen et al., “Sex-specific associ-
ations between body mass index, waist circumference and the
risk of Barrett's oesophagus: a pooled analysis from the inter-
national BEACON consortium,” Gut, vol. 62, no. 12,
pp. 1684–1691, 2013.

[39] E. E. Frezza, M. S. Wachtel, and M. Chiriva-Internati, “Influ-
ence of obesity on the risk of developing colon cancer,” Gut,
vol. 55, no. 2, pp. 285–291, 2006.

[40] S. S. Albrecht, P. Gordon-Larsen, D. Stern, and B. M. Popkin,
“Is waist circumference per body mass index rising differen-
tially across the United States, England, China and Mexico?,”
European Journal of Clinical Nutrition, vol. 69, no. 12,
pp. 1306–1312, 2015.

[41] I. Janssen, M. Shields, C. L. Craig, and M. S. Tremblay,
“Changes in the obesity phenotype within Canadian children
and adults, 1981 to 2007-2009,” Obesity (Silver Spring),
vol. 20, no. 4, pp. 916–919, 2012.

10 Computational and Mathematical Methods in Medicine



[42] M. E. Lean, T. S. Han, and C. E. Morrison, “Waist circumfer-
ence as a measure for indicating need for weight manage-
ment,” BMJ, vol. 311, no. 6998, pp. 158–161, 1995.

[43] T. Gadekar, P. Dudeja, I. Basu, S. Vashisht, and S. Mukherji,
“Correlation of visceral body fat with waist-hip ratio, waist cir-
cumference and body mass index in healthy adults: a cross sec-
tional study,” Medical Journal, Armed Forces India, vol. 76,
no. 1, pp. 41–46, 2020.

[44] C. P. S. Pinho, A. D. S. Diniz, I. K. G. Arruda, A. P. D. L. Leite,
M. M. V. Petribu, and I. G. Rodrigues, “Waist circumference
measurement sites and their association with visceral and sub-
cutaneous fat and cardiometabolic abnormalities,” Archives of
endocrinology and metabolism, vol. 62, no. 4, pp. 416–423,
2018.

[45] S. L. Doyle, C. L. Donohoe, J. Lysaght, and J. V. Reynolds, “Vis-
ceral obesity, metabolic syndrome, insulin resistance and can-
cer,” The Proceedings of the Nutrition Society, vol. 71, no. 1,
pp. 181–189, 2012.

[46] I. S. Jung, C. M. Shin, S. J. Park et al., “Association of visceral
adiposity and insulin resistance with colorectal adenoma and
colorectal cancer,” Intestinal research, vol. 17, no. 3, pp. 404–
412, 2019.

[47] M. G. Swainson, A. M. Batterham, C. Tsakirides, Z. H. Ruther-
ford, and K. Hind, “Prediction of whole-body fat percentage
and visceral adipose tissue mass from five anthropometric var-
iables,” PLoS One, vol. 12, no. 5, article e0177175, 2017.

[48] N. H. Kim, Y. S. Jung, J. H. Park, D. I. Park, and C. I. Sohn,
“Abdominal obesity is more predictive of advanced colorectal
neoplasia risk than overall obesity in men: a Cross-sectional
study,” Journal of Clinical Gastroenterology, vol. 53, no. 7,
pp. e284–e290, 2019.

[49] H. Sanikini, D. C. Muller, M. Sophiea et al., “Anthropometric
and reproductive factors and risk of esophageal and gastric
cancer by subtype and subsite: results from the European pro-
spective investigation into cancer and nutrition (EPIC)
cohort,” International Journal of Cancer, vol. 146, no. 4,
pp. 929–942, 2020.

[50] Y. Chen, L. Liu, X. Wang et al., “Body mass index and risk of
gastric cancer: a meta-analysis of a population with more than
ten million from 24 prospective studies,” Cancer Epidemiology,
Biomarkers & Prevention, vol. 22, no. 8, pp. 1395–1408, 2013.

[51] H. Sanikini, D. C. Muller, M. Chadeau-Hyam, N. Murphy,
M. J. Gunter, and A. J. Cross, “Anthropometry, body fat com-
position and reproductive factors and risk of oesophageal and
gastric cancer by subtype and subsite in the UK biobank
cohort,” PLoS One, vol. 15, no. 10, article e0240413, 2020.

[52] L. Wei, N. Li, G. Wang et al., “Waist circumference might be a
predictor of primary liver cancer: a population-based cohort
study,” Frontiers in Oncology, vol. 8, p. 607, 2018.

[53] K. Lo, Y. Q. Huang, G. Shen et al., “Effects of waist to height
ratio, waist circumference, body mass index on the risk of
chronic diseases, all-cause, cardiovascular and cancer mortal-
ity,” Postgraduate Medical Journal, vol. 97, no. 1147,
pp. 306–311, 2021.

[54] Y. I. Min, Y. Gao, P. Anugu, A. Anugu, and A. Correa, “Obe-
sity and overall mortality: findings from the Jackson heart
study,” BMC Public Health, vol. 21, no. 1, p. 50, 2021.

[55] B. J. Caan, E. M. Cespedes Feliciano, and C. H. Kroenke, “The
importance of body composition in explaining the overweight
paradox in cancer-counterpoint,” Cancer Research, vol. 78,
no. 8, pp. 1906–1912, 2018.

[56] D. S. M. Chan, A. R. Vieira, D. Aune et al., “Body mass index
and survival in women with breast cancer–systematic litera-
ture review and meta-analysis of 82 follow-up studies,” Annals
of Oncology, vol. 25, no. 10, pp. 1901–1914, 2014.

[57] Q. Yang, Z. Zhang, E. W. Gregg, W. D. Flanders, R. Merritt,
and F. B. Hu, “Added sugar intake and cardiovascular diseases
mortality among US adults,” JAMA Internal Medicine,
vol. 174, no. 4, pp. 516–524, 2014.

[58] A. J. McEligot, V. Poynor, R. Sharma, and A. Panangadan,
“Logistic LASSO regression for dietary intakes and breast can-
cer,” Nutrients, vol. 12, no. 9, p. 2652, 2020.

[59] E. Lau, J. S. Neves, M. Ferreira-Magalhães, D. Carvalho, and
P. Freitas, “Probiotic ingestion, obesity, and metabolic-
related disorders: results from NHANES, 1999-2014,” Nutri-
ents, vol. 11, no. 7, p. 1482, 2019.

[60] H. Li, D. Boakye, X. Chen et al., “Associations of body mass
index at different ages with early-onset colorectal cancer,” Gas-
troenterology, vol. 162, no. 4, pp. 1088–1097.e3, 2022.

[61] X. Zhang, E. Theodoratou, X. Li et al., “Genetically predicted
physical activity levels are associated with lower colorectal can-
cer risk: a Mendelian randomisation study,” British Journal of
Cancer, vol. 124, no. 7, pp. 1330–1338, 2021.

[62] S. C. Houghton, H. Eliassen, R. M. Tamimi, W. C. Willett,
B. A. Rosner, and S. E. Hankinson, “Central adiposity and sub-
sequent risk of breast cancer by menopause status,” Journal of
the National Cancer Institute, vol. 113, no. 7, pp. 900–908,
2021.

[63] A. C. Sylvetsky and K. I. Rother, “Nonnutritive sweeteners in
weight management and chronic disease: a review,” Obesity
(Silver Spring), vol. 26, no. 4, pp. 635–640, 2018.

[64] D. B. Kim, K. M. Lee, J. M. Lee, S. H. Ko, K. D. Han, and Y. G.
Park, “Waist circumference, body mass index, and colorectal
cancer risk according to diabetes status: a Korean nationwide
population-based cohort study,” Journal of Gastroenterology
and Hepatology, vol. 36, no. 2, pp. 397–405, 2021.

[65] A. Linauskas, K. Overvad, D. Symmons, M. B. Johansen,
K. Stengaard-Pedersen, and A. Thurah, “Body fat percentage,
waist circumference, and obesity as risk factors for rheumatoid
arthritis: a Danish cohort study,” Arthritis Care & Research
(Hoboken), vol. 71, no. 6, pp. 777–786, 2019.

[66] T. L. Berentzen, M. U. Jakobsen, J. Halkjaer, A. Tjønneland,
K. Overvad, and T. I. A. Sørensen, “Changes in waist circum-
ference and mortality in middle-aged men and women,” PLoS
One, vol. 5, no. 9, p. e13097, 2010.

11Computational and Mathematical Methods in Medicine


	The Association of Waist Circumference with the Prevalence and Survival of Digestive Tract Cancer in US Adults: A Population Study Based on Machine Learning Methods
	1. Introduction
	2. Materials and Methods
	2.1. Data Source
	2.2. Measurement of BMI and WC
	2.3. Definition of Digestive Tract Cancer
	2.4. Covariates
	2.5. Statistical Analysis
	2.6. Prediction Model

	3. Results
	3.1. Characteristics of Baseline Data
	3.2. Association of WC with Digestive Tract Cancer
	3.3. Association of BMI with Digestive Tract Cancer
	3.4. Sensitivity Analysis
	3.5. Survival Analysis
	3.6. Prediction Model

	4. Discussion
	5. Conclusions
	Data Availability
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments
	Supplementary Materials



