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Abstract

Introduction: Obesity is closely associated with the risk of cancers. This
study analyzed national population surveys from the United States and
China to investigate the association between weight-adjusted waist index
(WW1) and thoracic cancer.

Material and methods: Data from two national population surveys were
used in the study. Logistic regression analysis was used to analyze the as-
sociation between WWI and thoracic cancer. Restricted cubic spline (RCS)
analysis was used to investigate a potential nonlinear relationship. The sta-
bility of this relationship across different subgroups was assessed through
subgroup analysis. ROC curve analysis facilitated the evaluation of different
obesity indicators in terms of their efficacy in predicting thoracic cancer.
Results: A relationship between thoracic cancer and WWI was identified.
RCS analysis confirmed the nonlinear relationship between thoracic cancer
and WWI (p for nonlinear < 0.001). The analysis of subgroups indicated that
the association between thoracic cancer and WWI was broadly applicable
across different populations, further confirming the robustness of the study
findings. ROC analysis showed that WWI possessed satisfactory predictive
capability for thoracic cancer.

Conclusions: The study showed that WWI was independently associated
with thoracic cancer prevalence in both the United States and Chinese pop-
ulations. Furthermore, the accuracy of WWI in predicting thoracic cancer risk
surpasses that of conventional obesity indicators.
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Introduction

Cancer is among the most prevalent diseases on a global scale, rep-
resenting a grave threat to public health. According to global cancer
statistics [1], each year, approximately 20 million new cancer cases are
diagnosed. Lung cancer and esophageal cancer are among the common
types of thoracic cancers. Annually, more than 2 million new diagnoses of
lung cancer are made, resulting in approximately 1.8 million mortalities.
Globally, 604,000 new esophageal cancer cases are diagnosed, resulting
in 544,000 deaths [2]. The majority of cases are identified in the later
stages [3], resulting in a five-year survival rate that is generally under
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20%. The development of cancer is related to a va-
riety of lifestyle factors. Extensive research has in-
dicated a direct correlation between smoking and
lung cancer [4]. Furthermore, it has been identi-
fied that excessive alcohol consumption is asso-
ciated with elevated risk of various cancers [5-7].
Moreover, research shows an association between
unhealthy diets and colorectal cancer [8]. A sed-
entary lifestyle has been proven to correlate with
a greater likelihood of developing various cancers
[9-11]. The early detection of tumor-related risk
factors is of particular importance.

The weight-adjusted waist index (WWI) is a re-
cently developed indicator that integrates weight
and waist circumference data to more accurately
reflect visceral fat distribution and central obesity
than traditional indicators [12]. Obesity is widely
regarded as a significant risk factor for developing
cancer, and conventional obesity indicators have
been demonstrated to correlate with diverse can-
cer types [13-17]. Research findings have demon-
strated a correlation between elevated body mass
index (BMI) and increased risk of lung cancer [18].
Research has indicated that obesity, as measured
by BMI, is associated with increased overall sur-
vival in individuals with lung cancer who have
undergone surgical resection [19]. Furthermore,
research has demonstrated that higher BMI is
associated with an increased risk of esophageal
adenocarcinoma. For instance, individuals with
a BMI > 35 kg/m? exhibit a 2.5-fold elevated risk
of developing esophageal adenocarcinoma in
comparison to those within the normal BMI range
[20]. WWI may also be applicable to the risk as-
sessment of thoracic cancer.

The relationship between WWI and thorac-
ic cancer has yet to be fully clarified. This study
utilizes data from the China Health and Retire-
ment Longitudinal Study (CHARLS) and the Na-
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tional Health and Nutrition Examination Survey
(NHANES) to further analyze the association be-
tween WWI and thoracic cancer.

Material and methods
Study design and participants

Data from CHARLS and NHANES surveys were
used in the study. These two surveys evaluate
nutrition, health and socioeconomic conditions
of adults in China and the United States, respec-
tively. CHARLS is a national representative longi-
tudinal study that is currently ongoing. It received
approval from the Peking University Ethics Review
Committee and is administered by the China Cen-
ter for Economic Research. NHANES is a program
conducted by the Centers for Disease Control and
Prevention (CDC) and administered by the Nation-
al Center for Health Statistics (NCHS). In 2011,
baseline data were collected from CHARLS, with
follow-up data collected in 2013, 2015, and 2018,
involving 17,708 participants in total. In addition,
data from NHANES from 1999 to 2018 were col-
lected, and a total of 101,316 participants were
screened. Prior to enrollment, every participant
provided written informed consent. Figure 1 shows
the specific criteria for inclusion and exclusion.

Measurement of WWI

The formula for WWI involves dividing the
waist circumference in cm by the square root
of the weight in kg. Professional recorders and
trained medical staff meticulously document hu-
man measurements to maintain data accuracy.

Diagnosis of cancer

The study collected information on cancer
prevalence from self-administered question-
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Figure 1. Flowchart of participant selection from NHANES 1999-2018 (A) and CHARLS 2011-2012 (B)
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naires obtained from CHARLS and NHANES. In
both studies, participants were queried with
inquiries such as, “Have you been informed by
a medical professional about a diagnosis of can-
cer?” and “Have you been informed by a medi-
cal professional about a diagnosis of lung cancer,
esophageal cancer, or any other type of thoracic
cancer?” Participants who responded in the af-
firmative were subsequently classified as having
thoracic cancer.

Definitions of covariates

This study also considered the potential for
confounding factors that could influence the
association between thoracic cancer and WWI.
These covariates include demographic data (in-
cluding age, sex, and economic status), health
status data (including BMI, smoking, drinking,
history of hypertension, and history of diabe-
tes), and laboratory-related data (including tri-
glycerides, high-density lipoprotein, creatinine,
and uric acid).

Table I. Characteristics of the NHANES study population

Statistical analysis

In this study, continuous variables were ana-
lyzed using t-tests, whereas categorical variables
were examined with y? tests. Weight adjustments
were made in accordance with the relevant reg-
ulations for both database studies. According to
WWI, three-digit groups were identified, designat-
ed T1, T2, and T3. Logistic regression analysis was
used to evaluate the association between thoracic
cancer and WWI. Four models were constructed in
the NHANES and CHARLS studies, respectively. No
adjustments for covariates were made in Model 1.
Model 2 was adjusted for age, sex, and income.
With these adjustments being based on Model
2, Model 3 made further adjustments to medical
history indicators, including alcohol use, smoking
status, hypertension, and diabetes. Model 4 made
further adjustments to laboratory indicators such
as triglycerides, uric acid, creatinine, and high-den-
sity lipoprotein, as based on Model 3. In Model 4,
we used restricted cubic splines (RCS) to examine
the nonlinear connection between WWI and tho-

Characteristics Normal (N =21,012) Thoracic cancer (N = 690) P-value
Age [years] 50.18 +10.66 53.77 £10.16 < 0.001
Sex, n (%) < 0.001
Female 10,236 (48.72) 274 (39.71)
Male 10,776 (51.28) 416 (60.29)
Poverty income ratio (%) < 0.001
<13 6,516 (31.01) 197 (28.55)
1.3-3.5 8,826 (42.01) 324 (46.96)
>3.5 5,670 (26.98) 169 (24.49)
Alcohol use (%) < 0.001
No 11,031 (52.50) 374 (54.20)
Yes 9,981 (48.50) 316 (45.80)
Smoking status (%) < 0.001
No 12,544 (59.70) 283 (41.01)
Yes 8,468 (40.30) 407 (58.99)
BMI [kg/m?] 30.22 +6.67 31.06 £7.07 0.008
Diabetes (%) < 0.001
No 18,428 (87.70) 535 (77.54)
Yes 2,584 (12.30) 155 (22.46)
Hypertension (%) < 0.001
No 17,438 (82.99) 559 (81.02)
Yes 3,574 (17.01) 131 (19.98)
Triglycerides [mg/dl] 157.07 +46.34 149.77 +48.86 < 0.001
HDL-C [mg/dl] 47.06 +8.08 48.33 £8.57 < 0.001
Creatinine [mg/dl] 1.01 +0.48 1.07 £0.39 0.005
Uric acid [mg/dl] 5.97 #1.12 5.66 +1.03 < 0.001

Percentages represent categorical variables, and continuous variables are shown as mean + standard deviation. HDL-C — high-density

lipoprotein cholesterol.
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racic cancer. Subgroup analyses were performed
for age, sex, alcohol use, smoking status, hyper-
tension, and diabetes. Furthermore, ROC curve
analysis was employed to evaluate the predictive
capacity of WWI in the context of thoracic cancer.
R 4.4.1 software was used for data analysis, with
p < 0.05 regarded as statistically significant.

Results
Baseline characteristics

Data on 21,702 NHANES participants and
11,443 CHARLS participants were utilized. Tables |
and Il display their specific characteristics. In the
baseline table, “normal population” refers to in-
dividuals who have not received a thoracic can-
cer diagnosis. A comparison of the basic infor-
mation of the populations in the two databases
revealed a degree of similarity. For instance, pa-
tients diagnosed with thoracic cancer are typical-
ly older, predominantly male, and have a history
of smoking.

Table Il. Characteristics of the CHARLS study population

The relationship between WWI and
thoracic cancer

The results of the multifactor logistic regression
analysis are detailed in Table Ill. In both the NHANES
and CHARLS studies, a significant association was
observed between WW!I and thoracic cancer. Tho-
racic cancer risk rises with an increase in WWI. For
further analysis, we converted WWI into categor-
ical variables (T1, T2, and T3). The NHANES study
revealed that, in Model 4A, thoracic cancer risk in-
creased by 36% with each one-unit increment in
WWI (OR =1.36 95% Cl: 1.08-1.83, p < 0.05). A com-
parison of the T1A group with the T2A and T3A
groups revealed an elevated risk of thoracic cancer,
with an increase of 25% and 62%, respectively (p for
trend = 0.002). The CHARLS study indicated that in
Model 4B, thoracic cancer risk increased by 8% with
each one-unit increment in WWI (OR = 1.08 95% Cl:
1.02-1.13, p < 0.05). A comparison of the T1B group
with the T2B and T3B groups revealed an elevated
risk of thoracic cancer, with an increase of 19% and
31%, respectively (p for trend < 0.001).

Characteristics Normal (N = 11,331) Thoracic cancer (N = 112) P-value
Age [years] 58.71 £9.56 55.36 +8.87 0.006
Sex, n (%) < 0.001
Female 5,410 (47.75) 43 (48.39)
Male 5,921 (52.25) 69 (61.61)
Income [yuan] 20,037 +8869 19,136 +7796 < 0.001
Alcohol use (%) < 0.001
No 7,308 (64.50) 73 (65.18)
Yes 4,023 (35.50) 39 (34.82)
Smoking status (%) < 0.001
No 6,538 (57.70) 46 (41.07)
Yes 4,793 (42.30) 66 (58.93)
BMI, n (%) < 0.001
Underweight 673 (5.94) 7 (6.25)
Normal 6,684 (58.99) 69 (61.60)
Overweight 2,821 (24.89) 30 (26.79)
Obesity 1,153 (10.18) 6 (5.36)
Diabetes (%) < 0.001
No 9,484 (83.70) 88 (78.57)
Yes 1,847 (16.30) 24 (21.43)
Hypertension (%) < 0.001
No 6,708 (59.20) 65 (58.04)
Yes 4,623 (40.80) 47 (41.96)
Triglycerides [mg/dl] 106.37 £37.22 116.67 +40.05 0.033
HDL-C [mg/dl] 49.16 +8.32 46.87 £8.67 0.013
Creatinine [mg/dl] 0.78 +0.22 0.86 +0.21 0.002
Uric acid [mg/dl] 4.47 £+0.92 4.83 +0.87 < 0.001

Percentages represent categorical variables, and continuous variables are shown as mean + standard deviation. HDL-C — high-density

lipoprotein cholesterol.
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Characteristic OR (95% Cl), p-value
NHANES Model 1A Model 2A Model 3A Model 4A
WWI 1.74 (1.37, 2.22), 1.53 (1.12, 1.97), 1.49 (1.13, 1.99), 1.36 (1.08, 1.83),
(Continuous) < 0.001 0.007 0.005 0.011
Categories
T1A Reference Reference Reference Reference
T2A 1.50 (1.11, 2.59), 1.36 (1.08, 2.42), 1.32 (1.05, 2.36), 1.25 (1.06, 2.15),
0.010 0.019 0.021 0.009
T3A 2.44 (1.51, 3.97), 1.88 (1.14, 3.22), 1.74 (1.03, 3.18), 1.62 (1.01, 2.78),
< 0.001 0.014 0.039 0.045
P for trend < 0.001 < 0.001 0.003 0.002
CHARLS Model 1B Model 2B Model 3B Model 4B
WWI 1.45 (1.39, 1.52), 1.24 (1.18, 1.31), 1.12 (1.06, 1.19), 1.08 (1.02, 1.13),
(Continuous) < 0.001 < 0.001 < 0.001 0.007
Categories
T1B Reference Reference Reference Reference
T2B 1.61 (1.42, 1.83), 1.40 (1.21, 1.61), 1.38 (1.13, 1.51), 1.19 (1.04, 1.35),
< 0.001 < 0.001 0.002 0.012
T3B 2.15(1.91, 2.45), 1.88 (1.70, 2.24), 1.52 (1.31, 1.75), 1.31 (1.12, 1.51),
< 0.001 < 0.001 < 0.001 < 0.001
P for trend < 0.001 < 0.001 < 0.001 < 0.001

Model 1 did not include any adjustments for covariates; Model 2: adjusted for age, sex, and income; Model 3: Model 2 + adjusted for

alcohol use, smoking status, diabetes and hypertension; Model 4: Model 3 + adjusted for triglycerides, creatinine, HDL-C, and uric acid.

Nonlinear association between WWI and
thoracic cancer

We applied RCS analysis to assess the nonlin-
ear association between WWI and thoracic can-
cer. As demonstrated in Figures 2 and 3, a signif-
icant nonlinear positive association was found
between WWI and thoracic cancer (p for nonlin-
ear < 0.001). This suggests that in both popula-
tions, the risk of thoracic cancer increases with
increasing WWI.

Subgroup analyses

The analyses of subgroups were performed
based on age, sex, smoking status, alcohol use,

hypertension, and diabetes to further inves-
tigate the reliability of the observed associa-
tions. As demonstrated in Figures 4 and 5, no
substantial interaction was identified between
subgroups (p for interaction > 0.05). The find-
ings from the analyses of subgroups reveal that
the association between thoracic cancer risk
and WWI is broadly applicable across different
populations, further confirming the robustness
of the study findings.

Predictive ability of different obesity
indicators

Figure 6 shows the results of the ROC curve
analysis. In the NHANES study, WWI AUC (95% Cl):

107 77
P for overall < 0.001 P for overall < 0.001
8 P for nonlinear < 0.001 6 P for nonlinear < 0.001
5 4
S
2 4
wn
&
x 37
o

9 10 11 12 13
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Figure 2. Nonlinear association between WWI and
thoracic cancer in NHANES

9 10 11 12 13
Wwi

Figure 3. Nonlinear association between WWI and
thoracic cancer in CHARLS
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Subgroups OR (95% CI) P for interaction
Age : 0.556
<60 1.41 (0.97-1.93) : ®
> 60 1.18 (0.98-1.43) e
Gender : 0.734
Male 1.42 (1.23-1.67) : —
Female 1.39 (1.27-1.56) . ——
Alcohol use X 0.255
No 1.14 (1.08-1.23) .
Yes 1.05 (0.96-1.16) —o—
Smoking status . 0.144
No 1.66 (1.34-1.98) E — e
Yes 1.29 (1.08-1.55) [T S—
Hypertension : 0.098
No 1.56 (1.23-1.87) ' — ——
Yes 1.17 (0.93-1.46) —_——
Diabetes . 0.158
No 1.37 (1.13-1.66) ' ———
Yes 1.06 (0.93-1.37) —
0.9 12 15 18

Figure 4. Subgroup analysis of the association between WWI and thoracic cancer in NHANES

Subgroups OR (95% Cl) P for interaction
Age : 0.578
<60 1.21 (1.14-1.66) rore————
> 60 1.38 (0.96-1.73) : PY
Gender : 0.313
Male 1.62 (1.41-1.88) E —————
Female 1.47 (1.36-1.68) . ——
Alcohol use | 0576
No 1.34 (1.28-1.43) E —@—
Yes 1.25 (0.93-1.56) —_—————
Smoking status . 0.111
No 1.56 (1.24-1.78) E — e
Yes 1.23 (0.97-1.43) P I
Hypertension . 0.062
No 1.65 (1.30-1.76) E —  e—
Yes 1.27 (0.99-1.57) (U —
Diabetes : 0.052
No 1.46 (1.27-1.58) E ——
Yes 1.16 (0.96-1.36) LI S—
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Figure 5. Subgroup analysis of the association between WWI and thoracic cancer in CHARLS

0.725 (0.701-0.750). In the CHARLS study, WWI
AUC (95% Cl): 0.712 (0.673-0.749). The findings
of both studies indicated that WWI exhibited su-
perior predictive capability for thoracic cancer in
comparison to conventional obesity indicators,
including waist-to-height ratio (WHtR) and BMI
(DelLong test, p < 0.05).

Discussion

In this study, a substantial amount of patient
information was extracted from the CHARLS and
NHANES databases. The data were then screened,

and multiple models were established. Logistic re-
gression analysis was performed, and RCS curves
were plotted. The research suggests a nonlinear
association between WWI and thoracic cancer
risk. The subgroup analyses demonstrated that
the relationship between WWI and thoracic can-
cer was not affected by confounding variables,
including age, sex, alcohol use, smoking status,
hypertension, and diabetes. In comparison with
conventional obesity indicators, such as WHtR
and BMI, WWI exhibits excellent predictive ability
for thoracic cancer.

Arch Med Sci
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Figure 6. The prediction of thoracic cancer by different obesity indicators in NHANES (A) and CHARLS (B)

Obesity is a well-recognized risk factor for
multiple types of cancer. A significant number of
epidemiological and experimental studies have
found a robust connection between cancer and
obesity [21]. Obesity has been proven to exert
a detrimental influence on a minimum of 13 dis-
tinct types of cancer [22], including rectal cancer,
gallbladder cancer, and ovarian cancer [23]. Con-
currently, obesity is increasingly recognized as one
of the leading preventable risk factors for cancer
[24]. The global increase in obesity prevalence has
been associated with a rising burden of obesi-
ty-related cancers [25]. Furthermore, obesity may
also influence the genomic subtypes of cancers.
For instance, a relationship between obesity and
specific driver mutations has been observed in en-
dometrial cancer, lung adenocarcinoma, and can-
cers of unknown primary origin [26]. Studies have
shown that presence of excess fat around the ab-
domen is associated with elevated likelihood of
lung cancer [18]. The link is further substantiated
by the significant association observed between
increased visceral fat tissue and an elevated risk
of lung cancer. There is a demonstrated associa-
tion between central obesity and increased risk of
developing esophageal adenocarcinoma. Research
has shown that obesity accounts for approximate-
ly 27.0% of the attributable risk estimates for the
development of esophageal adenocarcinoma [27].

WWI is a newly developed physical measure-
ment indicator that offers a superior reflection
of central obesity in comparison to conventional
indicators, including BMI and waist circumference
(WC) [28]. BMI is a measure of weight in relation

to height that is calculated on a per-unit basis. WC
is a static measurement that does not take into
account fluctuations in weight. Conversely, the
WWI approach considers the interrelated changes
in weight and WC, thereby offering a more com-
prehensive reflection of the dynamic evolution of
body composition.

Previous studies have demonstrated an as-
sociation between weight, WWI, and abdominal
fat, suggesting that WWI may serve as a marker
of visceral fat accumulation [29]. Another study
has shown that the combination of body weight
and waist circumference offers a more precise
measure of visceral fat, which plays a key role in
predicting microvascular complications such as
retinopathy [30]. Mechanistically, excess visceral
adiposity may contribute to lung cancer develop-
ment through chronic low-grade inflammation,
altered adipokine secretion, insulin resistance
and IGF pathway activation, oxidative stress, and
immune dysregulation [31-33]. In a retrospective
study, the authors evaluated whether obesity-in-
duced immunomodulation affected the expres-
sion of programmed death ligand-1 (PD-L1) in
lung cancer cells, and identified differences in PD-
L1 expression between overweight women and
women of normal weight [34]. In addition, obe-
sity-associated increases in leptin and decreases
in adiponectin may create a pro-tumorigenic pul-
monary microenvironment [35], while experimen-
tal studies have shown that obesity can promote
lung tumorigenesis via leptin-mediated activation
of the PI3K/Akt/mTOR/STAT3 pathway [36]. There-
fore, WWI may represent a simple anthropometric
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marker that captures biologically meaningful cen-
tral adiposity relevant to thoracic cancer risk. WWI
also showed stronger associations with specific
health outcomes. A study found a marked associa-
tion between WWI and mortality in diabetes [37].
Furthermore, some investigations have revealed
that WWI performs well in predicting symptoms
of depression [38] and anxiety [39].

A separate study found that BMI was a less sta-
ble measure than WWI when examining the asso-
ciation between stroke risk and obesity indicators
[40]. In related research on thoracic cancer, it was
found that an elevated BMI may be associated with
increased risk of developing small cell lung cancer
[41]. In advanced lung cancer patients, a decrease
in BMI combined with weight loss was associated
with significantly reduced survival time [42]. A re-
cent study yielded findings showing an association
between genetic risk scores for high BMI and an
increased risk of esophageal cancer [43]. An inves-
tigation of Asian populations indicated a negative
association between BMI and esophageal cancer
mortality [44]. Moreover, previous studies have
identified associations between WWI and both
prostate [45] and gynecological cancers [46].

To our knowledge, this study is one of the first
to investigate the association between WWI and
thoracic cancer. We found that elevated WWI was
positively associated with thoracic cancer risk and
has superior predictive performance compared
to conventional obesity indicators. The present
study has several strengths. First, two public da-
tabases, NHANES and CHARLS, were used for the
study to ensure the objectivity of the information.
Second, we implemented a series of adjustments
to account for confounding variables and per-
formed subgroup analyses to further substantiate
the reliability of the results. Furthermore, there is
a notable consistency in the results obtained from
these two datasets, which serves to bolster the
credibility of our research results. The findings of
this study can serve as a starting point for future
research, such as studies on the effects on treat-
ment outcomes and toxicity.

However, the study has several limitations.
First, the thoracic cancer diagnosis information
in both databases is contingent on self-reported
diagnoses by doctors, which may be subject to
recall bias. Second, the exclusion of certain partic-
ipants from the analysis resulted from an absence
of pertinent tumor data. This potential limitation
may restrict the applicability of our findings. Third,
although the study considered two different popu-
lations in China and the United States, it is unclear
if it can be applied to other groups. Finally, reverse
causality is possible, as cancer-related weight loss
may alter WWI, and longitudinal risk prediction
cannot be inferred from cross-sectional data. In

the future, it will be necessary to carry out studies
targeting multiple regions and populations to fur-
ther validate the research results.

In conclusion, the study demonstrated that WWI
was independently associated with thoracic cancer
prevalence in both the United States and Chinese
populations. WWI showed better discriminatory
ability for thoracic cancer risk than traditional obe-
sity indicators. WWI may serve as an economical
and readily available anthropometric indicator for
the assessment of thoracic cancer risk.
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