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Abstract

Background Although many studies have investigated the association between body composition, cancer risk and mor-
tality, predicting these risks through a single body composition measurement undoubtedly increases the limitations of
the study. Few studies have explored the association between the trajectory of changes in body composition and the risk
of cancer and death. We aimed to explore the association of predicted lean mass trajectories with cancer risk,
cancer-specific mortality and all-cause mortality.

Methods The participants in this study were all from the Kailuan cohort, a prospective, periodic, resurvey cohort
study initiated in 2006. Latent mixture modelling was used to identify predicted lean mass trajectories for 2006
2010. The hazard ratios (HRs) and 95% confidence intervals (95% CIs) of the Cox proportional hazard models were
used to describe the association between predicted lean mass trajectories and cancer risk and cancer-specific and
all-cause mortality during follow-up (2010-2021).

Results A total of 44 374 participants (average age, 53.01 = 11.41 years, 78.99% men and 21.01% women) were
enrolled in this study. Five distinct trajectories were identified: low-stable (n = 12 060), low-increasing (n = 8027),
moderately stable-decreasing (n = 4725), moderately stable-increasing (n = 8053) and high-stable (n = 11 509). Dur-
ing the 11-year follow-up period, 2183 cancer events were recorded. After adjusting for age, predicted fat mass in 2010,
sex, BMI, sedentary, physical activity, smoke, alcohol use, salt consumption, high-fat diet, high-sensitivity C-reactive
protein, serum creatinine, family history of tumour, hypertension, diabetes mellitus, compared with the low-stable
group, participants in the low-increasing group (HR = 0.851, 95% CI, 0.748-0.969), moderately stable-increasing
group (HR = 0.803, 95% CI, 0.697-0.925) and high-stable group (HR = 0.770, 95% CI, 0.659-0.901) had a lower can-
cer risk, but not in the moderately stable-decreasing group (HR = 0.864, 95% CI, 0.735-1.015). Compared with the
low-stable group, the risk of cancer-specific mortality was reduced by 25.4% (8.8-38.9%), 36.5% (20.3-49.4%) and
35.4% (17.9-49.2%), and the risk of all-cause mortality was reduced by 24.2% (16.9-30.8%), 37.0% (30.0-43.2%)
and 47.4% (41.0-53.1%) in the low-increasing, moderately stable-increasing group and high-stable groups, respectively.
Conclusions Predicted lean mass trajectories may be closely associated with cancer risk and cancer-specific and
all-cause mortality. Regular monitoring of body composition is necessary.
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Introduction

Cancer remains a major public health threat globally, and it is
extremely important to identify the determinants of cancer
incidence.! Numerous studies have investigated the relation-
ship between body mass index (BMI) and cancer risk, and
some studies have shown that an increase in BMI is positively
correlated with the incidence of colon and liver cancers,
whereas it is negatively correlated with lung cancer risk.>?
However, there is controversy over whether there are still dif-
ferences in cancer risk among different races and sexes at the
same BMI level. Compared with a BMI of 22 kg/m?, the risk
ratio of cancer for white adults with a BMI of 35 kg/m2 is
1.83, whereas that for black adults is 0.89.% Even among par-
ticipants of the same race with the same BMI, there are still
significant differences in cancer risk.> Although BMI is conve-
nient to measure and use, it lacks a detailed assessment of
body composition because an increase in either lean mass
or fat mass (FM) can cause an increase in BMI. Therefore, re-
lying solely on BMI to judge the risk of tumour occurrence
may increase errors.

Song et al. showed that increased FM is associated with a
higher risk of oesophageal and colon cancer.® Another pro-
spective study showed that FM versus fat-free mass (FFM)
based on bioelectrical impedance analysis influenced the risk
of 16 common cancers, of which FFM was a stronger
predictor.” Even more so, studies have illustrated that, based
on anthropometric equations, higher lean mass rather than
FM is associated with a decreased risk of cancer,® indicating
the importance of body composition measurements. How-
ever, all studies share the common problem of judging the oc-
currence of tumours years or even decades later from only one
body composition measurement. The changes in body compo-
sition are highly influenced by various factors, with one of the
most significant being aging. As individuals age, mitochondrial
function and the synthesis of bodily proteins weaken, while
synthetic metabolism resistance increases, consequently, sar-
copenia, characterized by the loss of lean mass and a decline
in muscle function, has become one of the common chronic
diseases associated with aging.>*® Furthermore, research
indicated that individuals with metabolic disorders such as di-
abetes experience greater muscle loss compared with those
without such conditions.** Therefore, relying on a single mea-
surement of lean mass during youth or a disease-free period to
predict outcomes over 5 or even 10 years undoubtedly dimin-
ishes the rigour and credibility of the study, as we are aware
that aging and metabolic changes are ongoing processes.
Therefore, this study aimed to construct trajectories of change

in lean mass through a prospective cohort with periodic resur-
vey and explored the associations between the trajectories
and participants’ cancer risk, cancer-specific and all-cause
mortality.

Methods
Study design and participants

All participants were from the Kailuan cohort, an ongoing pro-
spective study in Tangshan, China, as previously described.*?
Since 2006, Kailuan General Hospital and its 11 affiliated hos-
pitals have conducted physical examinations and annual
follow-ups of Kailuan Group employees. The physical examina-
tion included laboratory tests, clinical measurements and
questionnaires, and the follow-up information included outpa-
tient follow-up reports, electronic medical records, death cer-
tificates from the Provincial Vital Statistics Offices (PVSO), and
data entries in the Tangshan Medical Insurance System and
Kailuan Social Security Information System. A total of
101 510 participants (81 110 men and 20 400 women) aged
18-98 years underwent their first physical examination and
signed a written informed consent in 2006—-2007.

The predicted lean mass trajectories were constructed
from three sets of physical examination data from 2006,
2008 and 2010 and used to predict the cancer risk of partic-
ipants from 2010 to 2021. Therefore, patients with the fol-
lowing conditions were excluded: (1) who did not continu-
ously participate in physical examinations from 2006 to
2010; (2) lacked cancer occurrence and survival data or pa-
tients with multiple cancers; (3) lacked sex, height, weight,
waist circumference and age information; (4) presence or his-
tory of cancer; and (5) lacked covariate information. Partici-
pant recruitment is shown in Figure 1.

Exposure and covariates

Predicted lean mass was calculated based on a sex-, age- and
race-specific anthropometric equations that are widely vali-
dated and used and has high predictive power for both fat
mass (R? = 0.90) and lean mass (R? = 0.91).'% Equations are
presented in Methods S1.

Covariates recorded in 2010 included age, sex, BMI,
sedentary lifestyle, physical activity (PA), smoking, alcohol
consumption, salt intake, high-fat diet, high-sensitivity C-
reactive protein (hs-CRP), serum creatinine (Scr), alanine
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101510 participants who took
physical examination in 2006

A 4

Participants failed to take 2008
(n=25714) and/ or 2010 (n=17896)
health examinations

57927 participants took all three
health examintions from 2006-2010

/

1) Participants without data of age,
gender, waist circumference, height,
weight (n=11197)

2) Participants have cancer now or
ever(n=297)

3)Participants without data of
covariates (Sedentary time,
physical activity, smoke, alcohol use,
salt consumption, hs-CRP, Scr, TG, TC,
etc.) (n=2095)

44374 participants were
enrolled in this study

Figure 1 Flowchart of this study.

aminotransferase (ALT), and family history of cancer, hyper-
tension and diabetes mellitus, in addition to adjusting for par-
ticipants’ 2010 predicted fat mass to avoid the effects of fat.
All covariate definitions are presented in Methods S2.

Outcome

The primary outcome was cancer occurrence. The diagnosis of
cancer was based on pathological, imaging, and clinical diag-
noses in electronic medical records. In addition, to obtain can-
cer incidence information accurately, we integrated data from
the PVSO, the Tangshan Medical Insurance System, and the
Kailuan Social Security Information System. Diagnoses were
coded using the International Classification of Diseases, 10th
Revision (ICD-10) (Methods S3). The follow-up time was deter-
mined from the date of completion of the investigation in
2010 until the first occurrence of cancer, death, or the last
follow-up (31 December 2021), whichever occurred first.

The secondary outcomes were all-cause and cancer-specific
mortality, defined as death from any cause, or cancer-related
death, or the status at last follow-up (31 December 2021).

Statistical analysis

All statistical analyses were conducted through SAS 9.3 (SAS
Institute) or R version 4.2.2. Two-sided P < 0.05 was consid-
ered statistically significant.

In our previous study, we found a significant sex-related
difference in lean mass.'® Therefore, in this study, we used
the sex-specific quintile of the predicted lean mass to build
the trajectory model. Otherwise, women would be in the
low lean mass trajectory group, while men would account
for the main component in the high lean mass trajectory
group, resulting in a sex bias. Latent mixture modelling was
used to identify shared similar trajectories, which caused par-
ticipants in the same group to have a similar trajectory of
lean mass changes. This model was implemented using the
PROC TRAJ program in SAS 9.3.* The construction of the
model was gradual. We first developed a model containing
one trajectory, followed by two, three, four and up to five tra-
jectory modes. The Bayesian information criterion (BIC) was
used to evaluate the model fitness, with the smallest BIC in-
dicating the most suitable model. Finally, we compared
models with different functional forms and optimized them
based on the significance of the cubic, quadratic and linear
terms.

Variables conforming to a normal distribution are
expressed as mean * standard deviation (SD), and one-way
ANOVA was used for inter-group comparison. Continuous
variables with skewed distributions are represented as me-
dian and quartile range (IQR) and compared using a
non-parametric test. Categorical variables are expressed as
rates, and the chi-square test was used for comparisons be-
tween groups. Incidence rates are presented as per 1000 per-
son-years. First, we compared predicted lean mass trajecto-
ries, predicted lean mass in 2006, predicted lean mass in
2008, and predicted lean mass in 2010 through integrated
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discrimination improvement (IDI) and net reclassification im-
provement (NRI) to determine which approach is the best for
assessing patients’ prognosis. After the proportional risk as-
sumption was satisfied, we used COX analysis to describe
the association between different trajectories and cancer
risk, as well as all cause and cancer-specific mortality, and
expressed them using hazard ratios (HR) and 95% confidence
intervals (95% Cl). Model 1 was adjusted for predicted fat
mass only, while Model 2 was further adjusted for other co-
variates. In terms of digestive system cancer, we also adjusted
for cirrhosis and hepatitis B. For gallbladder and extrahepatic
cholangiocarcinomas, we additionally adjusted for the pres-
ence of gallstones and gallbladder polyps. For liver cancer,
we additionally adjusted for cirrhosis, hepatitis B virus infec-
tion, gallstones and gallbladder polyps. These confounding
factors have been shown to be related to the occurrence of
cancer.***>® We also conducted a subgroup analysis of spe-
cific cancer sites. Interaction analysis was performed using
multiplicative interactions between the factors. We also sup-
plemented the analysis of the association between baseline
predicted lean mass in 2006 and cancer risk and used a re-
stricted cubic spline (RCS) function to describe the nonlinear
relationship between participants’ predicted lean mass and
cancer risk. Finally, sensitivity analysis was performed to ver-
ify the stability of the results. Sensitivity analyses excluded
participants developing cancer within 1 year to avoid the pos-
sibility of causal inversion. As this was a rigorous prospective
study, we excluded participants infected with hepatitis B vi-
rus, which has been proven to be closely related to digestive
system cancers, and participants with a family history of can-
cer or abnormal Scr. At the same time, considering the poten-
tial collinearity among age, BMI and predicted lean mass, we
included age® and BMI? as covariates in the model to control
for the non-linear relationships with age/BMI and the out-
comes of interest. During the follow-up process, covariates

may change over time, and death as a competitive event
may have affected the accuracy of the results. Therefore,
we further adjusted for time-varying variables and repeated
our analysis using the Fine and Gray model, which can explain
the bias caused by death as a competing risk.

Results

A total of 44 374 adults participated in this study, with an
average age of 53.01 (11.41) years, and 35 049 (78.99%)
participants were men. During the 11-year follow-up period,
2183 cancer events were recorded. Based on the partici-
pants’ predicted lean mass from 2006 to 2010, we identified
five trajectories: low-stable (n = 12 060), low-increasing
(n = 8027), moderately stable-decreasing (n = 4725), moder-
ately stable-increasing (n = 8053) and high-stable
(n = 11 509) (Figure 2). The baseline characteristics of the
participants in 2006 according to the trajectory determined
from 2006 to 2010 are shown in Table 1. Compared with
the low-stable group, the participants in the high-stable
group were younger, had a higher BMI and waist circumfer-
ence, and had higher CRP, Scr and ALT levels. In addition,
sedentary behaviour, regular PA, smoking, drinking, salt
intake, hypertension, diabetes and other factors differed
among the five groups.

Table S1 indicated that, compared with predicted lean
mass trajectories, the predictive abilities of predicted lean
mass in 2006, 2008 and 2010 were all worse for cancer risk,
all-cause mortality and cancer-specific mortality.

There was a significant association between predicted lean
mass and cancer risk (Table 2). Compared with the low-stable
group, participants in the low-increasing group (HR = 0.851,
95% Cl, 0.748-0.969), moderately stable-increasing group
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Figure 2 Predicted lean mass trajectory in participants during 2006—-2010.
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Table 2 Association of predicted lean mass trajectories with cancer risk
Trajectory pattern IR? Case/total Model 1° Model 2¢

4.72 2183/44 374 HR (95% ClI) P HR (95% ClI) P
Low stable 5.19 652/12 060 Ref. Ref.
Low increasing 4.52 378/8027 0.805 (0.708, 0.915) <0.001 0.851 (0.748, 0.969) 0.014
Moderately stable: Decreasing 4.69 231/4725 0.812 (0.696, 0.947) 0.008 0.864 (0.735, 1.015) 0.075
Moderately stable: Increasing 4.45 373/8053 0.735 (0.642, 0.842) <0.001 0.803 (0.697, 0.925) 0.002
High stable 4.48 549/11 509 0.683 (0.595, 0.784) <0.001 0.770 (0.659, 0.901) <0.001

“Incidence rate were presented as per 1000 person-years.

PModel 1 was adjusted for age and predicted fat mass in 2010.
“Model 2 was adjusted for age, predicted fat mass in 2010, gender, BMI, sedentary, physical activity, smoke, alcohol use, salt consump-
tion, high-fat diet, hs-CRP, Scr, family history of tumour, hypertension, diabetes mellitus.

Table 3 Subgroup analyses for the hazard ratio of cancer according to trajectories of predicted lean mass from 2006 to 2010

Low Moderately stable: Moderately stable: P for
N stable Low increasing Decreasing Increasing High stable interaction
Gender <0.001
Women 9325 Ref. 1.135(0.850, 1.515) 0.770 (0.499, 1.189) 1.047 (0.765, 1.433) 1.077 (0.753, 1.541)
Men 35046 Ref. 0.786(0.679, 0.909) 0.885 (0.743, 1.056) 0.759 (0.647, 0.888) 0.714 (0.602, 0.848)
Age (years) 0.043
<45 10312 Ref. 0.893(0.552,1.446) 0.716 (0.365, 1.389) 0.831 (0.505, 1.377)  0.604 (0.341, 1.068)
>45 34062 Ref. 0.855(0.747,0.979) 0.887 (0.752, 1.047) 0.859 (0.766, 0.978) 0.837 (0.814, 0.968)
Regular PA 0.028
No 38090 Ref. 0.853(0.740,0.983) 0.860 (0.720, 1.028) 0.781 (0.669, 0.912) 0.743 (0.628, 0.878)
Yes 6284 Ref. 0.822(0.598,1.129) 0.949 (0.651, 1.383) 0.961 (0.692, 1.336) 1.025 (0.716, 1.467)
Sedentary time 0.940
<8 34136 Ref. 0.842(0.728,0.974) 0.884(0.738, 1.058) 0.770 (0.657, 0.902) 0.791 (0.668, 0.937)
>8 10238 Ref. 0.861(0.647,1.145) 0.836 (0.581, 1.203) 0.962 (0.713, 1.297) 0.762 (0.542, 1.071)
Obesity 0.241
No 17 201  Ref. 0.786(0.663,0.932) 0.991 (0.748, 1.313) 0.777 (0.617,0.977) 0.649 (0.443, 0.971)
Yes 27 173 Ref. 1.008 (0.812, 1.253)  0.941 (0.754, 1.176) 0.924 (0.753, 1.134)  0.879 (0.717, 1.077)
Smoke 0.018
No 28919 Ref. 0.744(0.601, 0.923) 0.875 (0.674, 1.135) 0.716 (0.565, 0.907) 0.710 (0.549, 0.917)
Yes 15455 Ref. 0.912(0.775,1.074) 0.869 (0.707, 1.068) 0.848 (0.729, 1.033)  0.824 (0.682, 0.995)
Alcohol use 0.028
No 27 433 Ref. 0.808 (0.686, 0.952) 0.858 (0.702, 1.048) 0.761 (0.599, 0.967) 0.708 (0.547, 0.917)
Yes 16 941 Ref. 0.906 (0.732,1.120) 0.907 (0.692, 1.189) 0.835(0.702, 0.992) 0.829 (0.688, 0.999)
hs-CRP 0.646
<2 10909 Ref. 0.797(0.622,1.002) 0.726 (0.533, 0.989) 0.712 (0.546, 0.928) 0.711 (0.537, 0.941)
>2 33465 Ref. 0.874(0.780,1.018) 0.951 (0.787, 1.149) 0.859 (0.728, 1.014)  0.829 (0.693, 0.999)

(HR = 0.803, 95% Cl, 0.697-0.925) and high-stable group
(HR = 0.770, 95% Cl, 0.659-0.901) had a lower cancer risk.
Interestingly, although the average predicted lean mass of
participants in the moderately stable-decreasing group was
higher than that in the low-stable group, there was no signif-
icant difference in cancer risk between the two groups
(HR = 0.864, 95% Cl, 0.735-1.015). We further distinguished
cancer types to clarify the association between predicted
lean mass trajectory and specific-site cancer risk (Table S2).
The results indicated that different trajectories of changes
were associated with changes in the risk of digestive system
cancers (gastric and colorectal cancers) and lung cancer. In
terms of digestive system cancers, compared with the
low-stable group, the cancer risk of the other four groups
was reduced, especially in the high-stable group, where the
HR for cancer risk was 0.614 (95% Cl, 0.453-0.833). For lung
cancer, only participants in the moderately stable-increasing

group (HR = 0.688, 95% Cl, 0.521-0.908) and high-stable
group (HR = 0.683, 95% Cl, 0.504-0.926) had a lower
cancer risk.

Subsequently, we conducted a stratified analysis of the fac-
tors that may affect lean mass, and the results showed that
the relationship between lean mass and the risk of whole can-
cer species was influenced by the interaction of covariates
such as sex, age, regular PA, smoking and alcohol consumption
(Table 3). This was more pronounced among men, older peo-
ple, and participants with irregular PA, smoking and alcohol
consumption. In addition, the relationship between predicted
lean mass, digestive system cancers, and lung cancer was also
influenced by covariates such as sex, age, regular PA, obesity,
smoking and alcohol consumption (Tables S3 and S4).

We analysed the association between predicted lean mass
and cancer risk in 2006. The RCS showed an inverted
J-shaped relationship between the predicted lean mass and
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cancer risk (Figure S1). Compared with quintile 1, the risk of
oesophageal cancer (HR = 0.285, 95% Cl, 0.111-0.733), gas-
tric cancer (HR = 0.389, 95% Cl, 0.203-0.745), digestive sys-
tem cancers (HR = 0.522, 95% Cl, 0.383-0.710) and lung can-
cer (HR = 0.631, 95% Cl, 0.450-0.886) in quintile 5
participants showed a decreasing trend (Table S5).

At the same time, to emphasize the role of body composi-
tion, we also divided patients into four groups based on the
median values of predicted lean mass and predicted fat mass
(Table S6). The results indicated that compared with patients
with low fat and low lean mass, participants with low fat and
high lean mass had the lowest cancer risk (HR = 0.838, 95%
Cl, 0.740-0.949), while participants with high fat and low
lean mass had the highest cancer risk (HR = 1.207, 95% ClI,
1.068-1.365).

In sensitivity analyses (Table S7), similar to the primary re-
sults, the participants in the moderately stable-increasing and
high-stable groups had significantly reduced cancer risk. In ad-
dition, we adjusted for the predicted lean mass in 2010, and
the results remained robust (Table S7). The results of the com-
petitive risk analysis indicated that after excluding the impact
of competitive events, the risk in moderately stable-increasing
and high-stable groups remained low (Table S8).

Finally, we investigated the association between the trajec-
tory of predicted lean mass and cancer-specific and all-cause
mortalities (Table 4). Compared with the low-stable group,
the risk of cancer-specific mortality was reduced by 25.4%
(8.8-38.9%), 36.5% (20.3-49.4%) and 35.4% (17.9-49.2%),
and the risk of all-cause mortality was reduced by 24.2%
(16.9-30.8%), 37.0% (30.0-43.2%) and 47.4% (41.0-53.1%)
in the low-increasing, moderately stable-increasing and
high-stable groups, respectively.

Discussion

In this large-scale prospective periodic survey study, we de-
scribed five distinct trajectories of predicted lean mass based
on sex-specific quintiles and found that the trajectories of

predicted lean mass changes were significantly associated
with cancer risk and mortality. Compared with the
low-stable group, the moderately stable-decreasing, moder-
ately stable-increasing and high-stable groups all had signifi-
cantly lower cancer risks and mortality rates, especially for di-
gestive system cancers (gastric cancer and colorectal cancer)
and lung cancer. Additional analyses also showed that the
baseline level of predicted lean mass was closely associated
with cancer risk, and participants in quintile 5 had lower risks
of digestive system and lung cancers than those in quintile 1.

Changes in anthropometric parameters, including weight,
BMI, waist circumference, waist-to-hip ratio, FM, and FFM,
reflect an individual’s nutritional status to some extent and
can, therefore, greatly predict the risk and prognosis of
chronic diseases, including cancer.*”*® Similar to our partial
results, some studies based on the UK Biobank have also
shown that FFM is strongly associated with the risk of all can-
cers, including lung and digestive system cancers.”*>?° An-
other study on body composition using dual-emission X-ray
absorptiometry also demonstrated a significant association
between FFM and the malignancy of prostate cancer.” At
the same time, there are also some heterogeneous conclu-
sions. A cross-sectional study by Mathew et al. showed that
FFM was associated with non-Hodgkin’s lymphoma and mel-
anoma but not with other types of cancers.??> However, these
studies are limited, and as far as we know, the lean mass
changes significantly with aging, exercise and diet.>*** There-
fore, predicting the risk and prognosis of diseases during a
10-year or longer follow-up period through a single measure-
ment of indicators will undoubtedly increase the bias of pre-
dictive effects. Building trajectories of lean mass and explor-
ing their associations with cancer risk and prognosis may be
more reliable.

Interestingly, although the HR values of cancer risk for the
other four groups were all less than 1 compared with the
low-stable group, there were still differences between the
groups, especially for the moderately stable-decreasing and
moderately stable-increasing groups. In the initial survey
(2006), the lean mass of the two groups of participants was
basically the same; however, over time and with changes in

Table 4 Association of predicted lean mass trajectories with cancer specific mortality

All-cause mortality

Cancer-specific mortality

Mortality No. of

Mortality No. of

Trajectory pattern rate” deaths HR (95% CI)° P rate® deaths HR (95% CI)° P
Total 8.54 4017 1.91 2183

Low stable 11.78 1480 Ref. 2.40 307 Ref.

Low increasing 8.52 725 0.758 (0.692, 0.831) <0.001 1.77 151 0.746 (0.611,0.912)  0.004
Moderately stable: Decreasing 10.14 505 0.840 (0.751, 0.940) 0.002 2.48 124 1.058 (0.839, 1.334) 0.635
Moderately stable: Increasing 7.11 611 0.630 (0.568, 0.700) <0.001 1.50 128 0.635 (0.506, 0.797) <0.001
High stable 6.21 768 0.526 (0.469, 0.590) <0.001 1.54 188 0.646 (0.508, 0.821) <0.001

“Mortality rate were presented as per 1000 person-years.

PModel was adjusted for age, predicted fat mass in 2010, gender, BMI, sedentary, physical activity, smoke, alcohol use, salt consumption,
high-fat diet, hs-CRP, Scr, family history of tumour, hypertension, and diabetes mellitus.
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lean mass, the cancer risk of the increasing group of patients
significantly decreased by approximately 20%, whereas the
cancer risk of the decreasing group of participants did not
show any statistical difference. This trend was observed in
overall cancer risk and some specific-site cancers. Even in pa-
tients whose lean mass was initially low, their subsequent
cancer risk decreased once their lean mass increased over
time. It is worth noting that similar trends were observed
for cancer-specific mortality. Compared with the low-stable
group, the moderately stable-decreasing group did not show
a decrease in cancer-specific mortality, whereas the other
three groups had varying degrees of risk reduction, which
has not been described before. These results further demon-
strate the importance of exploring the trajectories of lean
mass, cancer risk and mortality. A single measurement of
body composition has significance; however, periodic moni-
toring of lean mass is essential.

In the interaction and subgroup analyses, we found that
besides factors such as age and physical activity that directly
affect muscle function, there were also significant interac-
tions between the predicted lean mass trajectory and lifestyle
habits such as smoking and drinking. In the same lean mass
trajectory, smokers’ muscles did not seem to significantly re-
duce cancer risk compared with those of non-smokers. We
assumed that this difference was due to differences in muscle
quality. Similar to a basic study by Wang et al., the results
showed that muscle strength and protein synthesis signalling
were reduced in mice after cigarette smoke exposure, but
muscle mass was stable.?® Further in vivo and in vitro studies
revealed the role of inflammation. Impairment of muscle
function may be related to the systemic release of the proin-
flammatory cytokines TNF-o and adipokines produced in adi-
pose tissue, leading to mitochondrial dysfunction, decreased
muscle strength and even muscle wasting.>®*’ In addition, in-
creased levels of oxidative stress are one of the underlying
mechanisms for this phenomenon.?® This had also been
shown in drinkers, where acute and chronic alcohol con-
sumption can cause skeletal muscle myopathy along with
impairment of skeletal muscle strength, function and fatigue
resistance.?® Alcohol may affect muscle function and perfor-
mance through the following aspects: First, alcohol disrupts
the balance between the anabolic and catabolic pathways
by affecting signalling pathways, the imbalance of which
can lead to altered muscle morphology or loss of function
without timely intervention and repair.3®3! Second, alcohol
also reduces the ability of muscle to regenerate after injury,
thus causing some irreversible damage.®*** Finally, alcohol
can also cause mitochondrial dysfunction and increased
oxidative stress, and these abnormalities can delay the
regeneration and recovery of muscle function and contrib-
ute to alcohol-related muscle dysfunction and metabolic
pattern shifts.3? Altogether, the association of lean mass tra-
jectories with cancer risk was influenced by unhealthy
lifestyles.

This study has several limitations. First, the lean mass and
fat mass in the present study were calculated using a
well-recognized formula, so this may overlook the effect of
muscle distribution or intermuscular adipose tissue,>* but
our results can still reflect, to some extent, how lean mass
changes in individuals. Second, this equation categorizes the
Asian population as ‘other races’, which could potentially re-
duce the accuracy of the calculated results. It is necessary to
validate and refine the equation using large-scale cohorts.
Third, although we adjusted for several confounders, there
are still many potential unknowns that we did not consider,
such as the type of physical activity. Aerobic and anaerobic
exercise are known to be differentially effective for muscle
improvement®’; meanwhile, special types of diet, especially
protein diets, have a significant effect on lean mass and
strength in adults.® Finally, the study was limited by the co-
hort design, as the Kailuan cohort was dominated by male
workers, so the generalizability of the results may require
more cohorts and studies to validate.

Conclusions

In summary, this study suggests that the lean mass trajectory
is associated with the risk of cancer, cancer-specific and
all-cause mortality. Sustained increases in lean mass or main-
tenance of a high and stable level of lean mass may signifi-
cantly reduce the risk of cancer incidence, cancer-specific
and all-cause mortality. A single measurement of body com-
position may underestimate these risks, and long-term mon-
itoring of body composition is particularly important for
predicting participants’ prognosis. Improving and optimizing
lean mass and quality have significant implications for reduc-
ing the burden on cancer-related public health.

Acknowledgements

We would like to express our gratitude to all participants and
staff involved in the Kailuan cohort.

Funding

This work was supported by the National Key Research and
Development Program (2022YFC2009600) to Dr. Hanping Shi.

Conflicts of interest

The authors declare no conflicts of interest.

Journal of Cachexia, Sarcopenia and Muscle 2023; 14: 2916-2924
DOI: 10.1002/jcsm.13370



2924

C. Liu et al.

Data availability statement

Online supplementary material

The datasets used during the current study are available from  Additional supporting information may be found online in the

the corresponding author on reasonable request.

References

10.

11.

12.

. Xia C, Dong X, Li H, Cao M, Sun D, He S,

et al. Cancer statistics in China and United
States, 2022: profiles, trends, and determi-
nants. Chin Med J (Engl) 2022;135:
584-590.

. Song X, Pukkala E, Dyba T, Tuomilehto J,

Moltchanov V, Mannisté S, et al. Body
mass index and cancer incidence: the
FINRISK study. Eur J Epidemiol 2014;29:
477-487.

. Renehan AG, Tyson M, Egger M, Heller RF,

Zwahlen M. Body-mass index and inci-
dence of cancer: a systematic review and
meta-analysis of prospective observational
studies. Lancet 2008;371:569-578.

. Brown JC, Yang S, Mire EF, Wu X, Miele L,

Ochoa A, et al. Obesity and cancer risk in
White and Black adults: a prospective co-
hort study. Obesity (Silver Spring) 2021;29:
960-965.

. Arthur RS, Dannenberg AJ, Kim M, Rohan

TE. The association of body fat composition
with risk of breast, endometrial, ovarian
and colorectal cancers among normal
weight participants in the UK Biobank. Br
J Cancer 2021;124:1592-1605.

. Song M, Willett WC, Hu FB, Spiegelman D,

Must A, Wu K, et al. Trajectory of body
shape across the lifespan and cancer risk.
Int J Cancer 2016;138:2383-2395.

. He Q, Xia B, Liu A, Li M, Zhou Z, Cheung EC,

et al. Association of body composition with
risk of overall and site-specific cancers: a
population-based  prospective  cohort
study. Int J Cancer 2021;149:1435-1447.

. Jeong SM, Lee DH, Giovannucci EL. Pre-

dicted lean body mass, fat mass and risk
of lung cancer: prospective US cohort
study. Eur J Epidemiol 2019;34:1151-1160.

. Dao T, Green AE, Kim YA, Bae SJ, Ha KT,

Gariani K, et al. Sarcopenia and muscle ag-
ing: a brief overview. Endocrinol Metab
(Seoul) 2020;35:716-732.

Liu CA, Liu T, Ge YZ, Song MM, Ruan GT, Lin
SQ, et al. Muscle distribution in relation to
all-cause and cause-specific mortality in
young and middle-aged adults. J Trans/
Med 2023;21:154.

Al-Sofiani ME, Ganji SS, Kalyani RR. Body
composition changes in diabetes and ag-
ing. J Diabetes Complications 2019;33:
451-459.

Liu T, Song C, Zhang Y, Siyin ST, Zhang Q,
Song M, et al. Hepatitis B virus infection
and the risk of gastrointestinal cancers
among Chinese population: a prospective
cohort study. Int J Cancer 2022;150:
1018-1028.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Lee DH, Keum N, Hu FB, Orav EJ, Rimm EB,
Willett WC, et al. Predicted lean body
mass, fat mass, and all cause and cause
specific mortality in men: prospective US
cohort study. BMJ 2018;362:k2575.

Liu T, Zhang Q, Song C, Siyin ST, Chen S,
Zhang Q, et al. C-reactive protein trajecto-
ries and the risk of all cancer types: a pro-
spective cohort study. Int J Cancer 2022;
151:297-307.

Garrido A, Djouder N. Cirrhosis: a
questioned risk factor for hepatocellular
carcinoma. Trends Cancer 2021;7:29-36.
Zhao X, Wang N, Sun Y, Zhu G, Wang Y,
Wang Z, et al. Screen-detected gallstone
disease and risk of liver and pancreatic can-
cer: the Kailuan cohort study. Liver Int
2020;40:1744-1755.

Zhang Q, Zhang KP, Zhang X, Tang M, Song
CH, Cong MH, et al. Scored-GLIM as an ef-
fective tool to assess nutrition status and
predict survival in patients with cancer. Clin
Nutr 2021;40:4225-4233.

Wileklik M, Uchmanowicz |, Jankowska-
Polariska B, Andreae C, Regulska-llow B.
The role of nutritional status in elderly pa-
tients with heart failure. J Nutr Health Ag-
ing 2018;22:581-588.

Yun P, Xia B, Tian XH, Gong T, Liu AR, Yuan
JQ, et al. Body composition and risk of ma-
jor gynecologic malignancies: results from
the UK Biobank prospective cohort. Cancer
Med 2021;10:4522-4531.

Liu AR, He QS, Wu WH, du JL, Kuo ZC, Xia B,
et al. Body composition and risk of gastric
cancer: a population-based prospective co-
hort study. Cancer Med 2021;10:
2164-2174.

Fowke JH, Motley SS, Concepcion RS,
Penson DF, Barocas DA. Obesity, body
composition, and prostate cancer. BMC
Cancer 2012;12:23.

Vithayathil M, Carter P, Kar S, Mason AM,
Burgess S, Larsson SC. Body size and com-
position and risk of site-specific cancers in
the UK Biobank and large international
consortia: a Mendelian randomisation
study. PLoS Med 2021;18:e1003706.
Nilsson MI, Mikhail A, Lan L, di Carlo A,
Hamilton B, Barnard K, et al. A
five-ingredient nutritional supplement and
home-based resistance exercise improve
lean mass and strength in free-living el-
derly. Nutrients 2020;12:2391.

Wilkinson DJ, Piasecki M, Atherton PJ. The
age-related loss of skeletal muscle mass
and function: measurement and physiol-
ogy of muscle fibre atrophy and muscle

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

Supporting Information section at the end of the article.

fibre loss in humans. Ageing Res Rev
2018;47:123-132.

Wang L, van lersel LEJ, Pelgrim CE, Lu J, van
Ark 1, Leusink-Muis T, et al. Effects of ciga-
rette smoke on adipose and skeletal mus-
cle tissue: in vivo and in vitro studies. Cell
2022;11:2893.

Tang K, Wagner PD, Breen EC. TNF-
o-mediated reduction in PGC-1a. may im-
pair skeletal muscle function after ciga-
rette smoke exposure. J Cell Physiol
2010;222:320-327.

de Castro GS, Simoes E, Lima J, Ortiz-Silva
M, Festuccia WT, Tokeshi F, et al. Human
cachexia induces changes in mitochondria,
autophagy and apoptosis in the skeletal
muscle. Cancer 2019;11:1264.

Decker ST, Kwon OS, Zhao J, Hoidal JR,
Heuckstadt T, Richardson RS, et al. Skeletal
muscle mitochondrial adaptations induced
by long-term cigarette smoke exposure.
Am J Physiol Endocrinol Metab 2021;321:
E80—-e89.

Laudato JA, Tice AL, Call JA, Gordon BS,
Steiner JL. Effects of alcohol on skeletal
muscle contractile performance in male
and female mice. PLoS ONE 2021;16:
e0255946.

Vainshtein A, Sandri M. Signaling pathways
that control muscle mass. Int J Mol Sci
2020;21:4759.

Bodine SC. mTOR signaling and the molec-
ular adaptation to resistance exercise. Med
Sci Sports Exerc 2006;38:1950-1957.
Caceres-Ayala C, Pautassi RM, Acufia MJ,
Cerpa W, Rebolledo DL. The functional
and molecular effects of problematic
alcohol consumption on skeletal muscle: a
focus on athletic performance. Am J Drug
Alcohol Abuse 2022;48:133-147.

Mahdy MAA. Skeletal muscle fibrosis:
an overview. Cell Tissue Res 2019;375:
575-588.

Biltz NK, Collins KH, Shen KC, Schwartz K,
Harris CA, Meyer GA. Infiltration of intra-
muscular adipose tissue impairs skeletal
muscle contraction. J Physiol 2020;598:
2669-2683.

Navas-Enamorado |, Bernier M, Brea-Calvo
G, de Cabo R. Influence of anaerobic and
aerobic exercise on age-related pathways
in skeletal muscle. Ageing Res Rev 2017;
37:39-52.

Pasiakos SM, McLellan TM, Lieberman HR.
The effects of protein supplements on
muscle mass, strength, and aerobic and an-
aerobic power in healthy adults: a system-
atic review. Sports Med 2015;45:111-131.

Journal of Cachexia, Sarcopenia and Muscle 2023; 14: 2916-2924

DOI: 10.1002/jcsm.13370



	Predicted lean body mass trajectories, and cancer risk and cancer&hyphen;specific and all&hyphen;cause mortality: A prospective cohort study
	Introduction
	Methods
	Study design and participants
	Exposure and covariates
	Outcome
	Statistical analysis

	Results
	Discussion
	Conclusions
	Funding
	Conflicts of interest
	Data availability statement

	References

