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and BMI trajectories with cancer mortality:
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Abstract

Objective This study aimed to assess the association of past obesity and past BMI trajectories with cancer mortality
in National Health and Nutrition Examination Survey.

Methods Past obesity was identified based on past maximum body weight, and trajectories of past BMI change
were determined by latent class trajectory modeling (LCTM). Cox regression was used to assess the association of past
obesity and past BMI trajectories with cancer mortality.

Results A total of 4,058 cancer patients participated in this study, of which 46.3% were past obesity, resulting in

a significantly lower risk of cancer mortality compared to participants who were not past obesity (HR=0.92, 95%
Cl:0.92-0.93, P<0.01). The LCTM identified five trajectories of past BMI, and compared with participants whose

BMI remained in the normal range, the risk of death was 17% and 23% lower for participants in the “Long-term
overweight”and “Long-term obesity” trajectory groups, respectively. In contrast, participants in the “Recent weight
gain”and "Recent weight loss” trajectory groups had an increased risk of cancer death of 19% and 40%, respectively.

Conclusions This study found that past obesity is consistent with the “obesity paradox” In furtherance, a moderately
elevated and stable BMI might be associated with lower cancer mortality.

Keywords Past obesity, BMI trajectory, Cancer mortality, Obesity paradox, NHANES

L J
fHuan Zhang, Junlong Zhao these authors contributed equally to “State Key Laboratory of Holistic Integrative Management of

this work and share first authorship. Gastrointestinal Cancers and National Clinical Research Center for

- . . : . Digestive Diseases, Xijing Hospital of Digestive Diseases, Air Force Medical
Zheyi Han, Lei Shang, Yongquan Shi these authors contributed University, Xi'an 710032, China

equally to this work and share last authorship. 3State Key Laboratory of Holistic Integrative Management of

“Correspondence: Gastrointestinal Cancers, Department of Medical Genetics and

Zheyi Han Developmental Biology, Fourth Military Medical University, Xi'an

710032, China

“Department of Critical Care Medicine, the 940th Hospital of Joint
Logistics Support Force of PLA, Lanzhou 730050, Gansu, China
°Department of Thyroid, Breast and Vascular Surgery, Xijing Hospital, Air
Force Military Medical University, Xi'an, Shaanxi, China

®Department of Health Statistics, School of Preventive Medicine, Air Force
Medical University, Xi'an, China

zheyihan_fmmu@163.com

Lei Shang

shanglei@fmmu.edu.cn

Yongquan Shi

shiyquan@fmmu.edu.cn

T Air Force Medical Center, Department of Gastroenterology, Air Force
Medical University, Beijing, China

© The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the

licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http:/creati
vecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13690-025-01576-6&domain=pdf&date_stamp=2025-4-5

Zhang et al. Archives of Public Health (2025) 83:94

Text box 1. Contributions to the literature

« Whether past obesity and past BMI trajectories in cancer patients
are consistent with the “obesity paradox”has not been adequately
investigated.

- Past obesity may improve survival rates for cancer patients.

- Cancer patients who have experienced significant changes in body
weight in the past should be given special attention.

Introduction

Obesity affects 38% of the world’s population and is
expected to exceed 50% by 2035, and is one of the most
serious public health problems for health care systems
[1]. Correspondingly, the increased prevalence of obesity
has led to an increased burden of obesity-related cancers
[2]. Chronic inflammation is at the core of obesity, and
this subclinical inflammatory state sets the stage for can-
cer development and progression. It has long been widely
accepted that elevated BMI is associated with a poorer
cancer prognosis [3], as well as guidelines have affirmed
it [4]. However, some emerging research has identified
the existence of an “obesity paradox” that higher BMI
improves the survival rate of cancer patients [5-7]. The
unexpected association between overweight/obesity
with cancer mortality compared to normal-weight can-
cer patients may be due to the differences in nutritional
reserve, tumor aggressiveness, and response to immuno-
therapy [8].

Furthermore, we note that recent researchers have
found that obesity, as an environmental factor, trains
innate immune cells (e.g., monocytes and macrophages)
into an inflammatory phenotype that is retained through
“epigenetic memory“ [9]. Since tumors are closely related
to immunity and inflammation, it suggests that our
assessment of only the current BMI of tumor patients
may not correctly reflect their relationship with sur-
vival. The lack of consideration of prior BMI (e.g., early
adulthood, middle age) and the failure to adequately dif-
ferentiate between pre-diagnostic, at-diagnostic, and
post-diagnostic BMI may have contributed to the dis-
crepancy in the results of some of the current studies [10,
11].

As the current discussion of prior BMI remains insuf-
ficient and conclusions are not entirely consistent, we
proposed to use data from the National Health and
Nutrition Examination Survey (NHANES) 1999-2018
to explore whether the effect of past obesity on tumor-
related survival is similarly consistent with the “obesity
paradox”. In addition, dynamic changes in BMI across the
lifecycle are similarly associated with disease and health
outcomes [12, 13]. Some studies have done something
similar to explore this, but have only generalized the pop-
ulation with elevated BMI into obese and/or overweight,
which clearly ignores the health effects of the trend and
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magnitude of BMI changes over time. Therefore, this
study will also identify the trajectory of past BMI changes
over the life cycle of cancer patients by latent class tra-
jectory model (LCTM) using past BMI at multiple time
points, and further explore the impact of past BMI trends
on cancer prognosis.

Methods

Data collection and research population

Data for our study came from the National Health and
Nutrition Examination Survey (NHANES) 1999-2018.
NHANES is a continuous survey created and conducted
by the National Center for Health Statistics (NCHS) of
the Centers for Disease Control and Prevention (CDC).
A total of 111,797 participants were enrolled in 10 cycles
from 1999 to 2018, excluding missing cancer-related
data (n=4,178), missing survival data (n=52,733), miss-
ing past and current weight (n=5,651) and patients
with non-malignant tumors (n=44,644). To make sure
the results were reliable, we further excluded partici-
pants who died in accidents (n=45). Participants with a
BMI too high or too low suggesting that the participant
may be in an extreme state or that the data are biologi-
cally implausible were excluded, so participants with a
BMI <15 kg/m? or >45 kg/m? were excluded (n=288). In
addition, to ensure consistency in the time series of prior
BMI (25 years and 10 years ago), participants 35 years
and younger were excluded (n=200). The final inclusion
of 4,058 eligible subjects (Fig. 1).

Past BMI

Past obesity was defined based on self-reported maxi-
mum weight and height in the weight history. In addi-
tion, NHANES asked respondents about their weight at
age 25, 10 years ago, and 1 year ago, and also included
height at age 25 to account for the possibility that height
decreases with age [14]. Height at age 25 was used to cal-
culate BMI at age 25, and height measured at the time of
examination was used to calculate BMI 10 years ago and
1 year ago.

Mortality

Death status and cause of death were determined by
National Death Index (NDI) records through December
31, 2019, which are linked to the NHANES dataset [15].
ICD-10 identifies cause-specific mortality. Cancer deaths
are defined as ICD-10 codes C00-C97.

Covariates

Our study also extracted factors that potentially influence
the prognosis of patients with malignant tumors, includ-
ing family demographic information, lifestyle habits, and
self-reported health status. Family demographic informa-
tion, including gender, age, ethnicity, educational level



Zhang et al. Archives of Public Health (2025) 83:94

Original NHANES
1999-2018(n=111,797)
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Miss cancer data (n=4.,178)

» Missing death data (n=52,733)
Miss past and current BMI (n=5,651)

h 4

Participants with Malignant
neoplasms (n=4.,591)

» Participants without cancer (n=44,644)

» BMI unreliable( < 15 kg/m? or > 45

» Death by accident (n=45)

kg/m?) (n=288)

Enrolled participants
(n=4,058)

Fig. 1 Flow chart for inclusion and exclusion of the study population

and poverty-income ratio (PIR, <1.3/21.3, <1.5/23.5).
Drinking status is categorized as: Never (had <12 drinks
in lifetime); Former (had >12 drinks in 1 year and did not
drink last year, or did not drink last year but drank>12
drinks in lifetime); mild (had>1 drinks per day for
females, >2 drinks per day for males); moderate ( had >2
drinks per day for females, >3 drinks per day for males,
or binge drinking>2 days per month); heavy ( had>3
drinks per day for females, >4 drinks per day for males).
Smoking status is categorized as: never (smoked less than
100 cigarettes in life); former (smoked more than 100
cigarettes in life and smoke not at all now); now (smoked
moth than 100 cigarettes in life and smoke some days
or every day). Current medical conditions were based
on self-reported outcomes including diabetes mellitus
(yes/impaired fasting glucose (IFG)/impaired glucose

» Age < 35(n=200)

tolerance (IGT)/no), hypertension (yes/no). Past obe-
sity: past maximum BMI>30 kg/m% current obesity:
BMI > 30 kg/m? at the time of measurement. Participants
were categorized into 4 groups based on past and current
BMI at the time of the joint analysis: Keep normal(Both
past maximal BMI and BMI at time of measurement
were less than 30 kg/m?);Past obesity only (Past maxi-
mal BMI > 30 kg/m? BMI at time of measurement<30 kg/
m?);Currently obesity only (Past maximal BMI<30 kg/
m?, BMI at time of measurement>30 kg/m?); Keep
obesity (Past maximal BMI>30 kg/m? BMI at time of
measurement > 30 kg/m?).
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Statistical analysis

Descriptive analysis

Data were acquired and calculated using R 4.2.1 software,
and descriptive analyses were performed using SPSS 26.0
software. To account for the complex survey design of
the NHANES data, we followed the instructions for the
survey and used appropriate sampling weights. In our
study we used meantstandard deviation (meanzSD)
to describe quantitative data with a normal distribution,
and one-way analysis of variance (F) was used to test for
differences between groups. Whereas quantitative data
with non-normal distribution were expressed as median
and quartiles [M (Q1, Q3)], and comparisons between
groups were made using the Mann-Whitney U test. Per-
centages were used to describe categorical variables, and
comparisons between groups were made using the chi-
square test (x2). P values<0.05 were considered statisti-
cally significant.

Latent class trajectory model (LCTM)

To identify trajectories of change in past BMI (25 years,
10 years ago, 1 year ago), we modeled LCTM using
M-Plus Version 8.3 (Muthen & Muthen, Los Angeles,
CA, USA). LCTM is a special type of finite mixture mod-
eling designed to find potential populations that exhibit
similar trends over time. The final number of classes
was determined by: (1) evaluation of model fit metrics,
including Akaike information criterion (AIC) and Bayes-
ian information criterion (BIC), where smaller values
indicate better model fit; (2) Lo-Mendell-Rubin likeli-
hood ratio test (LMRLRT) and Bootstrap likelihood ratio
test (BS-LRT), which compare k and k-1 class models,
where k is the number of potential classes; (3) model
interpretability; (4) The average posterior probability of
each class exceeds 70% while size >2% [16].

Subsequently cox proportional risk regression mod-
els were used to estimate associations between past and
current obesity, trajectories of past BMI change, and risk
of cancer death, calculating hazard ratios (HR) and 95%
confidence intervals (ClIs), with p <0.05 considered statis-
tically significant.

Results

Basic characteristics of the participants

Table 1 shows the basic characteristics of the partici-
pants. There were 4,058 participants, 9.0% of whom died
of malignant tumors. Compared to cancer survivors,
participants who died from malignant tumors were dis-
proportionately male, less educated, had lower incomes,
smoked more frequently, and were more likely to have
comorbid hypertension and diabetes. Survivors and par-
ticipants who died from cancer were 46.7% and 42.5%
previously obesity, 33.0% and 28.9% currently obesity,
respectively.
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Relationship between past obesity and cancer mortality
Table 2 shows the association between past obesity and
the risk of cancer death. The hazard ratio for past obesity
was 0.92(95% CI 0.92-0.93) compared with participants
who were no past obesity. Results remained stable across
age and sex subgroups.

In the joint analysis, we further categorized the partici-
pants into 4 categories of Keep normal, Past obesity only,
Currently obesity only and Keep obesity. Participants
with Past obesity only and Keep obesity had a signifi-
cantly lower risk of cancer death compared to partici-
pants who kept their BMI normal, with HRs of 0.96 (95%
CI 0.96-0.97) and 0.78 (95% CI 0.77-0.78), respectively.
In contrast, Currently obesity only participants had a 39%
increased risk of cancer death.

Past BMI trajectory

The LCTM tested 6 trajectories of past BMI changes, and
based on the fit indices of the models (Supplementary
Table 1), class5 was ultimately identified as the optimal
model (Fig. 2). Class 1 participants had a BMI that was
almost stable in the overweight range, hence the name
“Long-term overweight” (31.7%). Class 2 participants
had a sharp increase in BMI over 10 years, referred to
as “Recent weight gain” (3.3%). All classes had varying
increases in BMI from the age of 25 years, while only
Class 3 participants had a recent (10 years ago —1 year
ago) rapid decrease in BMI, hence the name “Recent
weight loss” (3.1%). Class 4 participants consistently had
a BMI in the normal range and were named “Normal”
(57.2%). Class 5 participants maintained a BMI greater
than 30, named “Long-term obesity” (4.7%). Baseline
characteristics of the different categories are listed in
Supplementary Table 2.

Association of past BMI trajectories with cancer mortality
Table 3; Fig. 3 show the association between prior BMI
trajectories and risk of cancer death. Compared with
participants in the “Normal” trajectory group, the haz-
ard ratios for the “Long term overweight” and “Long
term obesity” trajectory groups were 0.83 (95% CI 0.83—
0.84) and 0.77 (95% CI 0.76-0.78), respectively. On the
contrary, participants in the “Recent weight gain” and
“Recent weight loss” trajectory groups had an increased
risk of cancer death by 19% (P<0.01) and 40.0% (P<0.01),
respectively.

Discussion

This study explored the association between past obesity
and past BMI trajectories with tumor-related mortality in
cancer patients. Our study suggests that past obesity is a
protective factor for the prognosis of patients with malig-
nant tumors. The trajectory of past BMI changes suggests
that cancer patients who remain chronically overweight
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Table 1 Baseline characteristics of participants.'

Variable Total Death status of malignant neoplasm p-value
No (91.0%) Yes (9.0%)

Age (median (IQR)) 66.0(55.0,75.0) 65.0(54.0,75.0) 70.0(62.0,78.0) <0.01

Sex (n, %) <0.01

Female 2026, 554 1843, 56.6 183,429

Male 2032, 44.6 1716,434 316,571

Race (n, %) <0.01

Non-Hispanic Black 560,52 463,4.8 97,93

Non-Hispanic White 2888, 87.6 2541,879 347,845

Mexican American 242,18 219,18 23,13

Other Hispanic 188,20 173,20 15,16

Other race 180,34 163,34 17,34

Education (n, %) <001

Less Than 9th Grade 379,4.8 323,46 56,6.7

9-11th Grade 473,86 388,80 85,145

High School Grad/GED 958,226 830,221 128,275

Some College or AA degree 1174,30.3 1044, 304 130,294

College Graduate or above 1071,336 972,348 99,219

PIR(%) <0.01

<13 799,13.7 671,130 128,209

13-35 1542,36.3 1340, 35.7 202,421

>35 1382, 50.0 1241,514 141,37.0

Smoking status (%) <0.01

Never 1779, 44.6 1631, 46.2 148,284

Former 1699, 40.2 1439, 39.0 260,521

Now 578,152 487,14.8 91,195

Drinking status(%) <0.01

Never 469, 10.2 420,10.2 49,102

Former 945,20.8 775,195 170,343

Mild 1573,453 1409, 46.2 164, 35.6

Moderate 398,14.2 363,146 35,10.2

Heavy 297,96 258,96 39,9.8

Hypertension (%) <0.01

No 1397,40.6 1247,413 150,339

Yes 2660, 59.4 2312,58.7 348, 66.1

DM (%) <0.01

DM 1023, 20.7 891,206 132,224

IFG 224,58 197,56 27,76

IGT 141,3.0 130, 3.1 11,21

No 2667,704 2339,70.7 328,68.0

Past obesity (%) <0.01

No 2145,53.7 1865,53.3 280,57.5

Yes 1913,46.3 1694, 46.7 219,425

Current obesity (%) <0.01

No 2737,67.3 2378,67.0 359,71.1

Yes 1321,32.7 1181,33.0 140, 28.9

'All results were survey-weighted except for sample counts

PIR, Poverty income ratio; DM, Diabetes Mellitus; IFG, Impaired Fasting Glucose; IGT, Impaired glucose tolerance

or obese conform to the “obesity paradox,” meaning that
cancer mortality declines, whereas the opposite is true
for cancer patients who have recently gained weight.

Our results suggest that past obesity reduces cancer
mortality in cancer patients. An interesting recent study

drew our attention to the fact that high-fat diet-induced
obese mice had increased expression of inflammatory
genes even when they returned to normal weight after-
ward [9]. These obesity-associated inflammatory cyto-
kines (e.g., Tumor Necrosis Factor) selectively induce
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Table 2 Associations between past obesity and cancer mortality.'
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Variables n, % HR (95% Cl) p-value
Past obesity (ref: past non-obesity) 1913, 46.3 0.92(0.92,0.93) <0.01
Gender subgroup

Male (ref: past non-obesity) 2032, 44.6 0.95 (0.94,0.96) <0.01
Female (ref: past non-obesity) 2026, 554 0.90(0.90,0.91) <0.01
Age subgroup

<60 (ref: past non-obesity) 967,348 0.71(0.70,0.71) <0.01
>60 (ref: past non-obesity) 3091,65.2 0.94(0.93,0.94) <0.01
Joint analysis

Keep normal 2065,51.9 ref. -

Past obesity only 672,154 0.96(0.96,0.97) <0.01
Currently obesity only 80,1.8 1.39(1.38,141) <0.01
Keep obesity 1241,30.9 0.78(0.77,0.78) <0.01

TAll results were survey-weighted except for sample counts

n=unweighted sample size; HR=hazard ratio; Cl=confidence interval; ref=reference group;

Model was adjusted for age, sex, race, poverty income ratio, education level, drinking status, smoking status, current obesity, hypertension and diabetes
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224 ———L0—Class 3, 3.1%
Qe (255 4, 57 2%
2 ————4———Class 5.4.7%
20 T
25 years old 10 years ago 1 year ago
Fig. 2 Past body mass index trajectories in cancer patients
Table 3 Associations between BMI trajectory patterns and cancer mortality. '
BMlI trajectory patterns n, % HR (95% CI) p-value
Normal 2397,59.5 ref. <0.01
Long-term overweight 1237,30.1 0.83(0.83,0.84) <0.01
Recent weight gain 12334 1.19(1.17,1.20) <0.01
Recent weight loss 120,2.5 1.40(1.39,141) <0.01
Long-term obesity 181,45 0.77(0.76,0.78) <0.01

TAll results were survey-weighted except for sample counts

n=unweighted sample size; HR=hazard ratio; Cl=confidence interval; ref=reference group;

Model was adjusted for age, sex, race, poverty income ratio, education level, drinking status, smoking status, hypertension and diabetes

PD-1 expression on tumor-associated macrophages
(TAMs), which ultimately impairs tumor immune sur-
veillance [17]. Therefore, not only current obesity, but
past obesity may also conform to the “obesity paradox”
Despite previous obesity in increasing the prevalence
of cancer, potentially it also offers cancer patients the

possibility of a better response to immunotherapy, as
well as the exploration of new approaches to cell-specific
therapies based on epigenetics [18].

In addition to cancer, the major comorbidities of obe-
sity, such as type 2 diabetes mellitus and cardiovascu-
lar diseases, are closely associated with cancer, sharing
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Fig. 3 The impact of past BMI trajectory on the survival rate of cancer patients. Black: Normal; Blue: Long-term overweight; Green: Recent weight gain;

Orange: Recent weight loss; Red: Long-term obesity

overlapping mechanisms such as chronic low-grade
inflammation, oxidative stress, and metabolic dysregu-
lation [19, 20]. Given the shared mechanisms between
obesity-related comorbidities and cancer, inflammatory
indices such as the advanced lung cancer inflammation
index (ALI)—which incorporates BMI, albumin, and the
neutrophil-to-lymphocyte ratio—have been proposed as
potential tools to assess cancer mortality risk. However,
a recent cross-sectional study demonstrated that ALI was
not associated with cancer mortality in diabetic patients
[21], suggesting that comprehensive indices focusing on
specific aspects may be more suitable for risk assessment.

Further research is needed to explore these indices in
the context of obesity-related comorbidities. Addition-
ally, a meta-analysis found a weak but significant inverse
correlation between BMI and serum vitamin D levels
[22]. Vitamin D can modulate the tumor inflammatory
microenvironment and immune properties through vari-
ous mechanisms, which are crucial for inhibiting tumor
invasion [23]. Most studies on cancer patients indicate
that higher levels of vitamin D are associated with a
lower risk of mortality [24]. A cross-sectional study based
on NHANES also found that vitamin D insufficiency/
deficiency had an additive effect on increased all-cause
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mortality in individuals of normal weight, overweight,
and obesity [25]. Interestingly, the same study observed
that vitamin D excess was associated with an increased
risk of cancer mortality in obese subjects, although this
result should be interpreted with caution due to the small
sample size.

Current research on the effect of past/pre-diagno-
sis BMI on cancer survival remains controversial [12,
26-28], with only the idea that cancer patients with
weight loss have a worse prognosis being relatively
widely accepted [8]. Our finding that recent weight gain
is a risk factor for cancer survival does not appear to be
consistent with the “obesity paradox” Participants in the
“Recent weight gain” trajectory group already had a BMI
that met the criteria for morbid obesity(BMI>35 kg/
m?), and extreme BMIs have been associated with lower
overall survival in cancer patients [29], which is also con-
sistent with the U-shaped association between BMI and
cancer survival. Overly obese cancer patients have more
difficulty with early surgery and are more likely to have
metastasis and recurrence than those with a normal BMI
[30]. An Austrian cohort study showed that overweight
cancer patients had a better overall prognosis, while obe-
sity was not associated with prognosis in cancer patients
[28]. Simply categorizing participants as obese and non-
obese, ignoring past weights and its trend and morbid
obesity, may be one of the reasons why some studies have
found this zero association.

In contrast to past BMI trajectories in which weight
fluctuated, our results found that long-term maintenance
of moderately high body weight is critical for the progno-
sis of cancer patients. Although we did not have access
to the time of the participant’s cancer diagnosis, it is
likely that the participant’s weight 1 year earlier had been
affected by factors such as the tumor, surgery, and che-
motherapy because of the close time interval. A study by
Thivat et al. [31] showed weight fluctuations of more than
5% during chemotherapy in breast cancer patients were
associated with poorer prognosis and higher mortality.
Using a similar model to ours, a recent study in China
found that participants in the “containing BMI” group
had a higher quality of life and a better prognosis after
radical gastric cancer surgery [32]. In addition, Chen et al.
[33] investigated the association between weight change
and mortality in adulthood using NHANES and found
that the pattern of weight change was associated with
all-cause mortality, but not with cancer mortality. In this
regard, we emphasize that the study population should be
more homogeneous and that observation of cancer mor-
tality in the whole population is inevitably confounded by
potentially unknown confounding factors. Overall, the
safest body type trajectory is a stable weight, and weight
loss is not recommended for everyone [34]. As a study
in China found [35], for people with low weight early in
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life, modest weight gain and maintenance of stability can
reduce overall mortality in later life. However, similar
to these studies, we did not assess other obesity-related
metrics such as waist circumference and visceral fat. A
retrospective study demonstrated that while there was
no difference in survival rates among colorectal cancer
patients when obesity was classified based on BMI, sig-
nificant differences in survival were observed for stage II
and III patients when classified according to visceral fat
levels [36]. A multicenter prospective study found that a
lower visceral fat area (VFA) was associated with poorer
survival in cancer patients [37]. Compared to BMI, VFA
is a more representative indicator of body fat content,
and the discrepancies observed in previous studies may
also be attributed to BMI’s inability to accurately reflect
body composition [37, 38]. A recent significant report
also emphasized that the definition and diagnostic crite-
ria for clinical obesity should incorporate additional met-
rics such as waist circumference, waist-to-height ratio,
and visceral fat area, alongside BMI [39]. Although BMI
is highly convenient, future research should utilize com-
prehensive indicators to assess obesity more precisely for
accurate risk evaluation.

This study explored the association of past obesity and
past BMI trajectories with cancer survival, and it has
several strengths, NHANES obtained a representative
sample of Americans through sampling and adhered to
strict study protocols with very reliable quality control.
We used the LCTM to identify trajectories of past BMI
changes over the lifespan of cancer patients, which pre-
serves the trend and extent of BMI changes compared
to simply categorizing BMI into obese and non-obese.
Although early BMI may be less relevant to cancer risk
and mortality due to the temporal distance. However, we
believe that a long-term BMI trajectory with BMI at age
25 as a baseline provides a clearer picture of weight his-
tory, which may still provide valuable insights into can-
cer risk and mortality. At the same time there are some
limitations of our study. First, the failure to obtain infor-
mation on the treatment received by the participants
may have affected the stability of the results. Second, the
determination of previous BMI was based on question-
naires, which may produce recall bias. In addition, we
recognize that the three time points may not fully cap-
ture the dynamic nature of BMI over time, which may
underestimate the relevance of BMI trajectories to cancer
mortality [40]. Third, LCTM is a data-driven exploratory
analysis, which may have some limitations when general-
izing to other populations.

Conclusion

The study found that past obesity also appears to be con-
sistent with the “obesity paradox,” and that maintain-
ing a moderately elevated BMI for a long period of time
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might be associated with reduced cancer mortality. These
results emphasize the importance of maintaining weight
stability in cancer patients, and more attention should be
paid in the future to the role of past weight changes.
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