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Longitudinal associations between BMI
change and the risks of colorectal cancer
incidence, cancer-relate and all-cause
mortality among 81,388 older adults
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Abstract

Background: It remains controversial whether weight change could influence the risks of colorectal cancer (CRC) and
mortality. This study aimed to quantify the associations between full-spectrum changes in body mass index (BMI) and
the risks of colorectal cancer (CRC) incidence, cancer-related and all-cause mortality among midlife to elder population.

Methods: A total of 81,388 participants who were free of cancer and aged 55 to 74 years from the Prostate, Lung,
Colorectal, and Ovarian (PLCO) screening program were involved. The percentage change of BMI was calculated as
(BMI in 2006 - BMI at baseline)/BMI at baseline, and was categorized into nine groups: decrease (≥ 15.0%, 10.0–14.9%,
5.0–9.9%, 2.5–4.9%), stable (decrease/increase < 2.5%), increase (2.5–4.9%, 5.0–9.9%, 10.0–14.9%, ≥ 15.0%). The
associations between percentage change in BMI from study enrolment to follow-up (median: 9.1 years) and the risks of
CRC and mortality were evaluated using Cox proportional hazard regression models.

Results: After 2006, there were 241 new CRC cases, 648 cancer-related deaths, and 2361 all-cause deaths identified.
Overall, the associations between BMI change and CRC incidence and cancer-related mortality, respectively, were not
statistically significant. Compared with participants whose BMI were stable, individuals who had a decrease in BMI were
at increased risk of all-cause mortality, and the HRs were 1.21 (95% CI: 1.03–1.42), 1.65 (95% CI: 1.44–1.89), 1.84 (95% CI:
1.56–2.17), and 2.84 (95% CI: 2.42–3.35) for 2.5–4.9%, 5.0–9.9%, 10.0–14.9%, and≥ 15.0% decrease in BMI, respectively.
An L-shaped association between BMI change and all-cause mortality was observed. Every 5% decrease in BMI was
associated with a 27% increase in the risk of all-cause mortality (HR = 1.27, 95% CI: 1.22–1.31, p < 0.001). The results from
subgroups showed similar trends.
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Conclusions: A decrease in BMI more than 5% shows a significantly increased risk of all-cause mortality among older
individuals; but no significant association between increase in BMI and all-cause mortality. These findings emphasize
the importance of body weight management in older population, and more studies are warranted to evaluate the
cause-and-effect relationship between changes in BMI and cancer incidence/mortality.
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Background
Overweight and obesity is the fifth leading cause of over-
all mortality, accounting for at least 2.8 million adult
deaths each year [1]. As a major global health burden,
excess adiposity is a well-established risk factor for vari-
ous chronic diseases, including cardiovascular diseases,
cancers (i.e., cancers of the breast, colorectal, endomet-
rial, kidney, and prostate), and all-cause mortality [2–4].
Obesity is implicated in carcinogenesis, and may affect
cancer development through alterations in metabolism
of insulin, insulin-like growth factors, chronic inflamma-
tion, adipokines and steroid hormones [5, 6]. It was esti-
mated that 3.9% of all cancers (544,300 cases) in 2012
were attributable to excess adiposity in 2002 [7].
Colorectal cancer (CRC), the third most commonly di-

agnosed cancer in men and the second in women, is an
obesity-related cancer [8], with a worldwide estimate of
1.8 million cases in 2018 [9]. Epidemiological evidence
has demonstrated that higher body mass index (BMI) in
childhood or young adulthood increases the risk of CRC
and mortality [8, 10, 11]. In addition to excess adiposity,
weight change has been frequently examined in relation
to CRC morbidity and mortality. However, the findings
remains inconclusive. Four systemic review and meta-
analyses summarized that adulthood weight gain, mea-
sured by body weight or BMI, was significantly associated
with a higher risk of CRC, and the estimated increase in
the risk of CRC varied from 3 to 9% by per 5-unit weight
gain [12–15]. Karahalios A. et al 15 further revealed in a
meta-analysis that weight gain from early adulthood to
midlife but not from midlife to older age was associated
with an increased risk of CRC. However, a recent study
from the Melbourne Collaborative Cohort Study reported
a non-significant association between a 5 kg increase in
weight and the risk of incident CRC [16].
Similarly, investigations on weight loss are challenging,

as studies of its impact on the risk of cancer and mortal-
ity are sparse and provided mixed conclusions [17]. A
study among Japanese population found that the inci-
dent rates of colorectal adenoma in subjects with weight
reduction (more than 7% weight loss) was significantly
lower than that in those having no weight loss [18].
With respect to mortality, a recent meta-analysis of pro-
spective studies reported that both weight gain and
weight loss were associated with an increased risk of all-

cause mortality in the middle-aged populations and in
older adults [19]. However, the relation between weight
gain or weight loss and the risk of mortality was not sta-
tistically significant.
Further, there is a definite knowledge gap for public

health policies and cancer prevention strategies in the
associations between full spectrum of weight change, in-
cluding increase and decrease of weight, and the risks of
CRC incidence, cancer-related and all-cause mortality
among the midlife to elderly population, given that
weight change from midlife to older age might involve
different mechanisms (e.g., due to decrease in muscle
mass and increase in fat mass), as compared to early
adulthood to midlife [19, 20]. It is still unclear whether a
weight change across the midlife to elderly period relates
to the subsequent short-term risk of CRC incidence,
cancer-related and all-cause mortality. Therefore, in this
study, we analyzed the data from Prostate, Lung, Colo-
rectal, and Ovarian (PLCO) screening program to sys-
tematically examine the associations between full
spectrum of BMI change from 1993 to 2006 and the
subsequent short-term risk of CRC incidence, cancer-
related and all-cause mortality.

Methods
Study design and population
The PLCO cancer screening program is a randomized
controlled, multicenter trial, which enrolled 154,897 par-
ticipants aged 55 to 74 years from 1993 to 2001 in ten
centers across the United States. All centers ended the
recruitment at the end of 2001.
The PLCO study was designed as previously described

[21, 22]. In brief, eligible participants were randomly
assigned to either a usual care arm or screening arm.
Participants in the screening arm were offered flexible
sigmoidoscopy at baseline and at 3 years (for those who
underwent randomization before April 1995) or at 5
years, and participants in the control arm only received
routine health care from their health care providers. All
participants completed baseline questionnaires to collect
their demographics variables, smoking status, family his-
tory of any cancer in their first-degree relatives, personal
history of chronic diseases (including hypertension, heart
attack, stroke, emphysema, diabetes, arthritis, and osteo-
porosis), as well as body weight and height. A follow-up
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survey was conducted to update baseline information
and anthropometric measures in 2006. All participants
were followed for incident cancer and cause-specific
deaths. The PLCO study protocol was approved by the
Institutional Review Board of the National Cancer Insti-
tute and the participating centers. All participants pro-
vided written consent upon enrollment.
Eligible participants included subjects who provided a

valid baseline and follow-up questionnaire with no miss-
ing values on their height or weight; those who had no
history of cancer; and those who had no diagnosis of
cancer before 2006. The selection process is illustrated
in Fig. 1, and a total of 81,388 from 154,897 (52.54%)
participants were eligible.

BMI assessment
Height (in feet and inches) and body weight (in pounds)
were self-reported at the study entry interview, and body
weight was updated in 2006. Body mass index (BMI) was
calculated as the weight (kg) divided by the squared of
the height (m). The BMI was categorized into four
groups based on World Health Organization guideline:
underweight (less than 18.5 kg/m2), normal weight (18.5
to 24.9 kg/m2), overweight (25.0 to 29.9 kg/m2), and
obesity (30 kg/m2 or greater). The percent change (%) in
BMI was calculated as

BMI at 2006−BMI at study entry
BMI at study entry

� 100%

The percent change (%) in BMI was categorized into
nine categories: decrease (≥15.0%, 10.0–14.9%, 5.0–9.9%,
2.5–4.9%), stable (decrease/increase < 2.5%), increase
(2.5–4.9%, 5.0–9.9%, 10.0–14.9%, ≥15.0%). Stable cat-
egory was used as a reference group in data analyses.

Outcome ascertainment
Incident CRC was ascertained by proper diagnostic
evaluation [22]. Cause-specific mortality was collected
by active follow-up using annual study update question-
naires, linkage to the National Death Index, medical re-
cords and/or death certificate, whilst death review
process was conducted in order to provide accurate as-
sessment of these mortality events [23, 24].

Statistical analyses
Continuous variables were described as means ± stand-
ard deviations (SD), or the medians (interquartile ranges)
where appropriate, and categorical variables were pre-
sented as proportions. For CRC incidence, follow-up
time (in years) was measured from the date of trial entry
(randomization) to the date of CRC diagnosis, death, or
last follow-up (censoring date), and for mortality, the
follow-up time period (in years) were calculated as the
time interval from the date of trial entry (randomization)
to the date of any-cause mortality or the last date of
follow-up (censoring date), whichever came first. Data
were censored on December 31, 2009, or at 13th years
of randomization, whichever occurred first [25].
We estimated the percent change of BMI in relation

to the risk of CRC incidence, cancer-related mortality,
and all-cause mortality among all participants and sub-
groups, including sex, age at study entry (< 65 years old
and ≥ 65 years old), BMI status at study entry (< 25 kg/
m2, 25–29.9 kg/m2, and ≥ 30 kg/m2), year of study en-
rolment (1993–1997 and 1998–2001), and years from
study entry to 2006 (≤ 10 years and > 10 years). The
interaction among variables, including change in BMI,
sex, age at study entry, BMI status at study entry, year of
study enrolment, and years from study entry to 2006,
were tested by adding the product terms in statistical
models. The associations between change in BMI status
from study entry to 2006 and the risks of CRC incidence,

Fig. 1 Flowchart of the participants’ selection
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cancer-related mortality and all-cause mortality were also
examined. Hazard ratios (HRs) and 95% confidence inter-
vals (CIs) were calculated by Cox proportional hazards re-
gression models after adjustment of potential confounders,
with proportional hazards assumption confirmed based on
the Schoenfeld residuals [26].
Tests for linear trend were performed using percent

change in BMI as a continuous variable in the models;
tests for linear trend across decrease in BMI were

restricted to participants who had a decreased BMI, and
tests for trend across increase in BMI were restricted to
participants who had an increased BMI from study entry
to 2006. Possible nonlinear relationships of percentage
change in BMI to the risk of CRC incidence, cancer-
related mortality, and all-cause mortality were tested
non-parametrically with restricted cubic spline regres-
sion models with three knots at 25th, 50th, and 75th
percentiles. The non-linearity among variables was

Fig. 2 Associations between percentage change in BMI from study enrolment (1993–2001) to follow-up (2006) and the risk of CRC. The reference
value (HR = 1) was set at percentage change between − 2.5 and 2.5%. HRs were estimated by cox proportional hazard model adjusted of sex,
age, race, education level, family annual income, marital status, physical activity level, family history of cancer in their first-degree relatives,
smoking status, screening arm, history of chronic diseases (i.e., hypertension, heart attack, stroke, emphysema, diabetes, arthritis, and
osteoporosis), and BMI value at study entry (continuous)

Table 2 Associations between change in BMI status and the risk of CRC incidence, cancer-related mortality, and all-cause mortality
among all participants stratified by BMI status at study entry

BMI change No. of
participants

Incident CRC Cancer-related mortality All-cause mortality

No. of
cases

HR 95% CI p No. of
cases

HR 95% CI p No. of
cases

HR 95% CI p

Under/normal weight at study entry

Under/normal weight
at follow-up

21,749 47 1.00 – – 163 1.00 – 574 1.00 – –

Overweight at follow-up 5781 19 1.24 0.69, 2.23 0.46 54 1.07 0.77, 1.50 0.67 113 0.69 0.56, 0.85 < 0.001

Obesity at follow-up 302 0 – – – 5 1.52 0.61, 3.77 0.37 12 1.13 0.63, 2.01 0.69

Overweight at study entry

Under/normal weight
at follow-up

5244 16 1.02 0.58, 1.81 0.943 41 1.06 0.74, 1.51 0.76 261 1.85 1.59, 2.16 < 0.001

Overweight at follow-up 24,533 68 1.00 – – 176 1.00 – – 603 1.00 – –

Obesity at follow-up 5044 13 0.93 0.49, 1.74 0.814 36 0.82 0.56, 1.20 0.315 132 0.86 0.70, 1.04 0.12

Obesity at study entry

Under/normal weight
at follow-up

321 2 1.68 0.41, 7.00 0.472 4 1.35 0.50, 3.70 0.555 27 2.59 1.75, 3.85 < 0.001

Overweight at follow-up 3658 13 0.93 0.50, 1.74 0.812 38 1.20 0.82, 1.76 0.361 147 1.37 1.13, 1.67 0.002

Obesity at follow-up 14,755 63 1.00 – – 131 1.00 – – 492 1.00 – –

CRC: Colorectal cancer; BMI: Body mass index; HR: Hazard ratio; 95% CI: 95% confidence interval. HRs were adjusted by cox regression models for sex, age, race,
education level, family annual income, marital status, physical activity level, family history of cancer, smoking status, screening arm, history of chronic diseases
(i.e., hypertension, heart attack, stroke, emphysema, diabetes, arthritis, and osteoporosis), and baseline BMI value (continuous)
Boldface means statistically significance
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tested using the likelihood ratio test, comparing the
model with the linear term only versus the model with
the linear and cubic spline terms.
All models were adjusted for sex, age at

randomization, ethnicity/race, education level, family an-
nual income, marital status, physical activity level, smok-
ing status, history of any cancer in their first-degree
relatives, screening arm, personal history of chronic dis-
eases (i.e., hypertension, heart attack, stroke, emphy-
sema, diabetes, arthritis, and osteoporosis), and BMI
value at study entry (continuous).
All analyses were performed using the SAS software

(version 9.4, SAS Institute Inc., Cary, NC). All p values
were based on two-sided tests and were considered sta-
tistically significant at p ≤ 0.05.

Results
Participants’ characteristics and BMI change
Among 81,388 participants, there were 241 new CRC
cases, 648 cancer-related deaths, and 2361 all-cause
deaths observed from 2006 to 2009. The mean age was
62 years (SD: 5) at study entry. The median follow-up
time was 12.5 years (range: 5.3 to 13.0). Participants’
characteristics across categories of percentage change in
BMI were shown in Table 1. The mean percent change
in BMI was 1.02% (men: 0.96%; women: 1.07%) from
study entry to 2006. Around a third (32.1%) of the par-
ticipants had a decrease in BMI greater than 2.5%. The
ratio of men to women was 0.9:1, and majority of the
participants (91.2%) were non-Hispanic white. The top
three types of chronic diseases reported by the

Fig. 3 Restricted spline curves for the associations between percentage change in BMI and the risk of CRC among overall (a), under/normal
weight (b), overweight (c) and obese (d) participants. The solid curve represents multivariate-adjusted HRs calculated by restricted cubic splines
with 3 knots at the 25th, 50th, and 75th of the percentage change in BMI; the solid dashed lines represent 95% confidence interval. The reference
value (HR = 1) was set at percentage change in BMI = 0. HRs were estimated by cox proportional hazard model adjusted of sex, age, race,
education level, family annual income, marital status, physical activity level, family history of cancer in their first-degree relatives, smoking status,
screening arm, history of chronic diseases (i.e., hypertension, heart attack, stroke, emphysema, diabetes, arthritis, and osteoporosis), and BMI value
at study entry (continuous)
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participants were hypertension (49.29%), arthritis
(46.56%), and osteoporosis (15.03%). Around 23.0% of
the participants were obese, and 42.8% were overweight
at study entry. Participants who had a decrease in BMI
were more likely to be women, older, obese at study
entry, and more active than 10 years ago; while those
with an increase in BMI were more likely to have re-
ported normal BMI at study entry.

BMI change in relation to the risk of incident CRC
Overall, the association between percentage change in
BMI and the risk of CRC was not statistically significant.
The results of subgroup analyses showed that a 5% in-
crease in BMI was associated with 14% increase in the risk
of CRC (HR = 1.14, 95% CI: 1.03–1.27; p = 0.015) among
participants who were obese at study entry. There was sig-
nificant interaction between BMI change and years from
study entry to 2006. Among those who were enrolled in
the cohort for more than 10 years, as compared to those
with stable BMI, there were an increased risk of CRC for
those with a 10–14.9% decrease in BMI (HR = 3.12–
95%CI: 1.18, 8.24; p = 0.021), and those with 2.5–4.9%
(HR = 2.57, 95% CI: 1.07–6.22; p = 0.036), 10–14.9% (HR =
3.49, 95% CI: 1.34–9.11; p = 0.011), and ≥ 15% (HR = 4.06,
95%CI: 1.48–11.13; p = 0.006) increase in BMI. The associ-
ations between BMI change and the risk of CRC incidence
were not statistically significant in other subgroups (Fig. 2).
Similarly, the associations between changes in BMI status
and the risk of CRC incidence were not statistically signifi-
cant (Table 2).
The nonlinear relationship between BMI change and

the risk of CRC were not statistically significant among
overall (p for nonlinear trend = 0.207; Fig. 3a); among
those who were under/normal weight (p for nonlinear

trend = 0.056; Fig. 3b), overweight (p for nonlinear trend =
0.422; Fig. 3c), and obese (p for nonlinear trend = 0.712;
Fig. 3d) participants, after adjustment of covariates.

BMI change in relation to cancer-related mortality
Overall, the association between BMI change and the
risk of cancer-related mortality was not statistically sig-
nificant. We found significant interactions of sex (p for
interaction = 0.016) and year of study enrolment (p for
interaction = 0.003) with BMI change for the risk of
cancer-related mortality. The trend analysis showed that
a 5% decrease in BMI was associated with 14% (HR =
1.14, 95%CI: 1.02–1.27; p = 0.027) and 18% (HR = 1.18,
95%CI: 1.02–1.38; p = 0.042) increase in the risk of
cancer-related mortality among men and those with >
10 years from study entry to 2006, respectively (Fig. 4).
We did not find a significant nonlinear relationship be-
tween BMI change and the risk of cancer-related mortal-
ity among overall (p for nonlinear trend =0.967; Fig. 5a);
among those who were under/normal weight (p for non-
linear trend = 0.057; Fig. 5b), overweight (p for nonlinear
trend = 0.235; Fig. 5c), and obese (p for nonlinear trend =
0.573; Fig. 5d) participants, after adjustment of
covariates.

BMI change in relation to all-cause mortality
As compared to participants whose BMI were stable, the
HRs for participants who had 2.5–4.9%, 5.0–9.9%, 10.0–
14.9%, and ≥ 15.0% decrease in BMI were 1.21 (95% CI:
1.03–1.42; p = 0.018), 1.65 (95% CI: 1.44–1.89; p < 0.001),
1.84 (95% CI: 1.56–2.17; p < 0.001), and 2.84 (95% CI:
2.42–3.35; p < 0.001) among overall participants, respect-
ively. The subgroup analyses showed similar significant
findings (Fig. 6).

Fig. 4 Associations between percentage change in BMI from study enrolment (1993–2001) to follow-up (2006) and the risk of cancer-related
mortality. The reference value (HR = 1) was set at percentage change between − 2.5 and 2.5%. HRs were estimated by cox proportional hazard
model adjusted of sex, age, race, education level, family annual income, marital status, physical activity level, family history of cancer in their first-
degree relatives, smoking status, screening arm, history of chronic diseases (i.e., hypertension, heart attack, stroke, emphysema, diabetes, arthritis,
and osteoporosis), and BMI value at study entry (continuous)
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Among participants who were overweight at study
entry, those who became under/normal weight at
follow-up had an 85% increased risk of all-cause mortal-
ity (HR = 1.85, 95% CI: 1.59–2.16, p < 0.001) as com-
pared with those who were overweight both at study
entry and follow-up. Among participants who were
obese at study entry, those who became overweight or
under/normal weight showed an increased risk of all-
cause mortality (HR = 1.37, 95% CI: 1.13–1.67, p = 0.002
for overweight; HR = 2.59, 95% CI: 1.75–3.85, p < 0.001
for under/normal weight) when compared with those
who were obese both at study entry and follow-up.
(Table 2).

The trend analysis showed that a 5% decrease in BMI
was associated with a 27% increase (HR = 1.27, 95%CI:
1.22–1.32; p for trend < 0.001) in the risk of all-cause
mortality among overall participants. Subgroup analyses
showed that the increased risks associated with 5% de-
crease in BMI ranged 15 to 44%. (Fig. 6).
A significant nonlinear relationship was observed be-

tween BMI change and all-cause mortality among overall
(p for nonlinear trend < 0.001; Fig. 7a); among those who
were under/normal weigh (p for nonlinear trend < 0.001;
Fig. 7b), overweight (p for nonlinear trend < 0.001; Fig. 7c),
and obese participants (p for nonlinear trend < 0.001;
Fig. 7). The restricted cubic spline regression showed

Fig. 5 Restricted spline curves for the associations between percentage change in BMI and cancer-related mortality among overall (a), under/
normal weight (b), overweight (c) and obese (d) participants. The solid curve represents the multivariate-adjusted HRs calculated by restricted
cubic splines with 3 knots at the 25th, 50th, and 75th of the percentage change in BMI; the solid dashed lines represent corresponding 95%
confidence interval. The reference value (HR = 1) was set at BMI percentage change = 0. HRs were estimated by cox proportional hazard model
adjusted of sex, age, race, education level, family annual income, marital status, physical activity level, family history of cancer in their first-degree
relatives, smoking status, screening arm, history of chronic diseases (i.e., hypertension, heart attack, stroke, emphysema, diabetes, arthritis, and
osteoporosis), and BMI value at study entry (continuous)
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that the risk of all-cause mortality sharply increased
with a decrease in BMI, but was not associated with
an increase in BMI.

Discussion
Using a large-scale data from the PLCO screening program
of 81,388 midlife and elder individuals aged 55–74 years,
we found that a decrease in BMI before cancer diagnosis
was associated with an increased risk of all-cause mortality,
but not for increase in BMI. Decrease in BMI was not sig-
nificantly associated with the risk of CRC incidence and
cancer-related mortality. In addition, the association be-
tween BMI changes and all-cause mortality indicated an L-
shaped relationship, irrespective of the baseline BMI. Over-
all, a 5% decrease in BMI was found to be associated with a
15–44% increase in the risk of all-cause mortality.
The observed association between weight loss and the

increased risk of mortality is consistent with findings from
previous studies which focused on both midlife and old-
aged adults [19, 27]. A meta-analysis containing 26 pro-
spective studies reported that unintentional weight loss
may be associated with 22–39% of weight loss-mortality
risk [28]. It has been reported that the loss of lean mass
may account for nearly a quarter of weight loss among
885 adults with impaired glucose regulation aged 60 to 90
years [29]. Considering that participants enrolled in this
study were midlife to elderly individuals aged from 55 to
74 years, their loss of weight may intensify age-related lean
mass loss, leading to physical function impairment [30].
Also, weight loss usually happens along with malnutrition,
especially micronutrient deficiencies, and is accompanied
by bone mineral density loss among the middle and the
old-aged people [31]. Both mechanisms might account for
the increased risk of mortality associated with weight loss.
As compared to weight loss, weight gain was only

associated with an increased risk of cancer-related or all-
cause mortality among some subgroups; and in overall,
weight gain was not significantly associated with all-cause
mortality. Previous evidences from prospective studies in-
dicated a reverse J-shaped association between weight
change and the risks of both all-cause and cancer-related
mortality [19, 28, 32, 33]. In a multiethnic 10-year pro-
spective cohort study of 63,040 individuals aged 45–75
years, they found that increases in the risk of all-cause
mortality were greater with weight loss than those with
weight gain, indicating a reverse J-shaped association [33].
One reason for such inconsistency might be the lower
sensitivity of weight gain to a short-term risk of mortality.
As previous studies reported, weight gain could increase
the likelihood of system inflammation, which could in
turn lead to chronic diseases, such as cancer, cardiovascu-
lar disease, and diabetes mellitus [34]. Considering the
long course of chronic diseases, the short-term risk of
mortality might not increase. In other word, that means
the long-term chronic disease and mortality would be
largely decreased, if the weight gain or weight-gain related
effects could be well managed during this short body reac-
tion time, such as controlling weight, diet and healthy be-
haviors. Additionally, it is hinted that the avoirdupois
monitoring among older population is a basic and critical
tool for self-control and health management.
We did not find significant associations between weight

change and the risk of CRC incidence or cancer-related
mortality. The development of CRC is multifactorial, con-
sisting of contributions from lifestyle habits and genetic fac-
tors. Body weight change might only partially reflect
alteration of lifestyle habits, such as dietary intake and phys-
ical activity. Another possible explanation is the implemen-
tation of population-based screening program. Through
several modalities (e.g., colonoscopy, fecal-based tests, and

Fig. 6 Associations between percentage change in BMI from study enrolment (1993–2001) to follow-up (2006) and the risk of all-cause mortality.
The reference value (HR = 1) was set at percentage change between − 2.5 and 2.5%. HRs were estimated by cox proportional hazard model
adjusted of sex, age, race, education level, family annual income, marital status, physical activity level, family history of cancer in their first-degree
relatives, smoking status, screening arm, history of chronic diseases (i.e., hypertension, heart attack, stroke, emphysema, diabetes, arthritis, and
osteoporosis), and BMI value at study entry (continuous)
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sigmoidoscopy), CRC is highly preventable if it is early diag-
nosed and treated [35, 36], leading to lower mortality in the
general population. The third possible reason may be due to
small sample size in some categories in our study. Although
it is unclear which protective factors were associated with
weight gain, it is widely reported that substantial degree of
weight gain would lead to adipocyte hypertrophy, insulin re-
sistance and obesity-related diseases, which could finally lead
to higher mortality risk [37].
Considering the influence of baseline weight level, we

calculated percentage change of BMI during the follow-
up period. Also, after being stratified by BMI status at
study entry, the obesity paradox for all-cause mortality
was observed among participants who were normal/

underweight, overweight, and obese. Increasing risk of
all-cause mortality was found to be significantly higher
in participants who were overweight/obesity at study
entry and became under/normal weight at follow-up,
and those who were obese at study entry and then be-
came overweight at follow-up. In summary, those people
who showed a decrease in weight have higher risk in all-
cause mortality. It seems beneficial for midlife to elderly
individuals to maintain a stable and slightly overweight
BMI as they grow older. Considerable weight change
during older life span, especially weight reduction, might
not be recommended. As reported by Al Snih S et al,
older adults with a BMI between 25 and 35 (typically
overweight and even obese) had a lowest mortality [38].

Fig. 7 Restricted spline curves for the associations between percentage change in BMI and all-cause mortality among overall (a), under/normal
weight (b), overweight (c) and obesity (d) participants. The solid curve represents the multivariate-adjusted HRs calculated by restricted cubic
splines with 3 knots at the 25th, 50th, and 75th of the percentage change in BMI; the solid dashed lines represent corresponding 95% confidence
interval. The reference value (HR = 1) was set at percentage BMI change = 0. HRs were estimated by cox proportional hazard model adjusted of
sex, age, race, education level, family annual income, marital status, physical activity level, family history of cancer in their first relatives, smoking
status, screening arm, history of chronic disease (i.e., hypertension, heart attack, stroke, emphysema, diabetes, arthritis, and osteoporosis), and BMI
value at study entry (continuous)
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Our study is based on a large-scale prospective cohort
study involving subjects at their midlife to older ages. As
a randomized trial, its design and data quality are robust.
However, there are several limitations in our study. First,
weight and height were self-reported both at recruitment
and follow-up, and this may lead to misclassification
bias. Second, we do not know whether participants went
through an intentional weight-loss, although there might
apply to only a minority of the population. Duration of
obesity may be another important factor influencing our
findings [20], and the effect of long duration of obesity
on morbidity and mortality is definitely different from
that of short-term duration. Third, as we excluded those
with cancer diagnosis and those who were dead before
follow-up (at 2006) because of the limitations of the
study database, there might exist a healthy worker effect.
Moreover, although we excluded the individuals who
had history of cancer at study entry or were newly diag-
nosed with cancers before 2006, and also fully adjusted
the potential confounding from personal history of
chronic diseases, we could not completely rule out the
confounding of chronic diseases related to BMI loss on
death. Fourth, due to small number of incident CRC
cases in some strata, the association between BMI
change and the risk of CRC incidence should be inter-
preted with cautions. Fifth, BMI may be not a good indi-
cator of adiposity in older individuals. Other body
composition markers (e.g., waist circumference, waist-
to-hip circumference) were not included; the combin-
ation of other markers and BMI would be helpful for
further delineation of the effect of weight change on the
risk of morbidity and mortality. Sixth, subjects who died
in the period of observation might suffer from medical
conditions that directly influence their BMI, such as can-
cer, stroke and diseases that could lead to sarcopenia. Fi-
nally, because this is a secondary analysis of the data
from a randomized controlled trial, we could not abso-
lutely exclude the “regression to the mean” effect.

Conclusions
Our study comprehensively evaluated the associations
between BMI change (both decrease and increase in
BMI) before cancer diagnosis and the risks of CRC inci-
dence, cancer-related mortality, and all-cause mortality
in a large-scale midlife to elderly population. The find-
ings suggest that decrease in weight among individuals,
independent of chronic diseases, significantly increase
the risk of all-cause mortality, but were not associated
with the risk of CRC incidence and cancer-related mor-
tality. Further studies are highly warranted to clarify the
L-shape associations between weight change and the risk
of mortality by considering more body composition
markers at a long-time frame.
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