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Abstract

Body Mass Index (BMI) is known to be associated with cancer mortality, but little is known
about the link between lifetime changes in BMI and cancer mortality in both males and fe-
males. We studied the association of BMI measurements (at baseline, highest and lowest
BMI during the study-period) and lifetime changes in BMI (calculated over different time pe-
riods (i.e. short time period: annual change in BMI between successive surveys, long time
period: annual change in BMI over the entire study period) with mortality from any cancer,
and lung, colorectal, prostate and breast cancer in a large cohort study (n=8,645. Vlagt-
wedde-Vlaardingen, 1965-1990) with a follow-up on mortality status on December 31°*
2008. We used multivariate Cox regression models with adjustments for age, smoking, sex,
and place of residence. Being overweight at baseline was associated with a higher risk of
prostate cancer mortality (hazard ratio (HR) =2.22; 95% Cl 1.19-4.17). Obesity at baseline
was associated with a higher risk of any cancer mortality [all subjects (1.23 (1.01-1.50)),
and females (1.40 (1.07-1.84))]. Chronically obese females (females who were obese dur-
ing the entire study-period) had a higher risk of mortality from any cancer (2.16 (1.47-3.18),
lung (3.22 (1.06-9.76)), colorectal (4.32 (1.53-12.20)), and breast cancer (2.52 (1.15-5.54)).
We found no significant association between long-term annual change in BMI and cancer
mortality risk. Both short-term annual increase and decrease in BMI were associated with a
lower mortality risk from any cancer [all subjects: (0.67 (0.47-0.94)) and (0.73 (0.55-0.97)),
respectively]. In conclusion, a higher BMlI is associated with a higher cancer mortality risk.
This study is the first to show that short-term annual changes in BMI were associated with
lower mortality from any type of cancer.

Introduction

Overweight and obesity are major public health problems in both developed and developing
countries [1]. In the Netherlands, overweight and obesity rates have reached epidemic propor-
tions, although they are still lower than in countries like the United States and UK. Obesity
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among Dutch adults increased from about 5% in the early 1980s to nearly 12% in 2011, while
41% was classified as overweight [2].

Several studies investigating the association between BMI and cancer suggest that a higher
BMI can increase cancer incidence [3-5]. For example, in the United States, the proportion of
all cancer deaths that can be attributed to overweight or obesity in adults older than 50 years
was found to be 14% in males and 20% in females [6]. Moreover, maintaining a healthy weight
has been proposed in cancer prevention strategies [3], suggesting a possible role of changes in
BMI as well as baseline BMI regarding cancer risk.

The mechanisms underlying a possible link between BMI and cancer are still poorly under-
stood [4]. However, insulin-like growth factor (IGF-1), sex-related hormones (e.g. oestrogen,
progesterone, and androgens), and adipokines are factors that might explain this association
[4,7]. Besides this poorly understood biological relationship between BMI levels and cancer,
the effect of lifetime changes in BMI on cancer mortality risk has scarcely been studied.

The majority of previous studies were based on BMI measurements at only one time-point
[8]. Moreover, the effect of BMI changes has been investigated mainly in relation to cancer in-
cidence or all-cause mortality [9,10].

Another unanswered question is whether the associations between BMI and lifetime
changes in BMI and cancer mortality risk differ between males and females, and evidence
shows inconsistent results. For instance, one study showed a significant association between
BMI and an increased risk of colorectal cancer in both males and females [11], while another
study showed an increased risk only in males and not in females [12]. Although differences be-
tween sexes were suggested to be due to differences in fat distribution and a different hormonal
system in males and females [6], the exact role of sex in the association between BMI and life-
time changes in BMI and cancer mortality risk is unknown.

Therefore we examined the association between BMI measurements (at baseline, highest
and lowest during the study-period) and lifetime changes in BMI (calculated over different
time periods (i.e. short time period: annual change in BMI between successive surveys, long
time period: annual change in BMI over the entire study period) and cancer mortality risk in a
large population-based cohort study. Additionally, we assessed whether the association be-
tween BMI and changes in BMI and cancer mortality risk is different for males and females. In
our study, we investigated mortality from any type of cancer and from four common types of
cancer (lung cancer, colorectal cancer, prostate cancer and breast cancer) in two Dutch com-
munities (Vlagtwedde-Vlaardingen) [13-14]. The Vlagtwedde-Vlaardingen cohort, with a fol-
low-up of over 40 years, offers a unique possibility to investigate the association between BMI
and lifetime changes in BMI and subsequent cancer mortality, adjusting for
potential confounders.

Methods
Ethics statement

The Committee on Human Subjects in Research of the University Medical Center Groningen
and University of Groningen reviewed this study and affirmed the safety of the protocol and
study design and all participants gave their written informed consent.

Study population

We examined the association between BMI and mortality from cancer using the Vlagtwedde-
Vlaardingen cohort study. The Vlagtwedde-Vlaardingen cohort study has been described in
detail previously [13,14]. In brief, the study was set up as a general population-based cohort
study on the epidemiology of pulmonary diseases in exclusively Caucasian individuals of
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Dutch descent. The study started in 1965, and participants had medical examinations every
three years until the final survey in 1989/1990. In Vlaardingen, only participants who were in-
cluded at baseline (1965 or 1969) were approached for follow-up, whereas in Vlagtwedde new
subjects aged between 20 and 65 years were invited to participate at every survey. The number
of surveys per subject ranged from one to eight (median number of surveys per subject: two).
The final surveys were held in 1989 in Vlagtwedde and in 1990 in Vlaardingen. We updated
the vital status of all participants in the Vlagtwedde-Vlaardingen study on December 31,
2008, and evaluated mortality outcomes as follows: any cancer mortality and the four common
types of cancer mortality (lung cancer, colorectal cancer, prostate cancer and breast cancer
mortality), either as primary or secondary cause of death. Analyses on cause-specific mortality
were performed at Statistics Netherlands (The Hague, the Netherlands).

Medical characteristics

We collected data on age, sex, smoking habits, and place of residence using the Dutch version
of the British Medical Research Council questionnaire [13].

Body mass index (BMI)

We included only BMI measurements taken after the age of 20, thus assuming that subjects
had reached their adult height by this age. The subject-specific mean heights of all surveys after
age 20 were calculated. BMI was calculated as weight in kilograms divided by the square of the
mean height in metres (kg/m?).

Baseline BMI, highest BMI and lowest BMI during the study-period

In the analyses of BMI level, we used three BMI measurements: the BMI at baseline (i.e. the
BMI at first available survey), the highest BMI during the study-period, and the lowest BMI
during the study-period (S1 Fig). We placed the BMI measurements into three categories: 1)
BMI < 25 kg/m2 (normal+ underweight, as reference); 2) BMI 25-30 kg/m2 (overweight), and
3) BMI > 30 kg/m”* (obese). Lowest and highest BMI during the study period were only deter-
mined in the subjects with at least two BMI measurements.

The subjects with a lowest BMI during the study-period higher than 30 kg/m? were consid-
ered as chronic obese subjects. The subjects with a highest BMI during the study-period higher
than 30 kg/m* were considered as subjects who were obese at least once during the study-
period.

Lifetime changes in BMI

Long term annual change in BMI. We calculated the long-term annual change in BMI
over the entire study period as the difference between BMI at last survey and BMI at baseline
divided by the time interval (year of the last survey minus year of the baseline) (S1 Fig). Long-
term annual change in BMI could only be calculated if subjects participated in at least two sur-
veys. We were interested in comparing those subjects who had a decrease in their BMI, those
who kept the same BMI and those who had a moderate and high increase in BMI. Therefore,
we used four categories of long-term annual change in BMI: 1) Decrease < -0.02 kg/m*/year;
2) No change (reference) -0.02-0.02 kg/m?/year 3) Moderate increase 0.02-0.4 kg/m>/year,
and 4) High increase > 0.4 kg/m*/year.

Short-term annual change in BMI. To define short-term annual change in BMI we calcu-
lated the annual changes in BMI between two successive surveys (S1 Fig). So, if a subject had
performed 8 surveys, we calculated 7 annual changes in BMI. For each subject, the highest
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short-term BMI increase was defined as the highest annual increase in BMI between two suc-
cessive surveys and the highest short-term BMI decrease was defined as the highest annual de-
crease in BMI between two successive surveys. Thus, for each subject only one short-term
increase or decrease in BMI was calculated. Short-term annual changes in BMI were calculated
only if subjects participated in at least three surveys. We included only subjects with at least
three surveys, since if we included subjects with only two surveys, then the highest short-term
increase would be the same as the highest short-term decrease. Moreover, the long-term
change in BMI would then be equal to the short-term change for the subjects with only two
surveys. The three surveys were successive but if a subject missed a survey in between the
short-term change was calculated over a longer time period. We eliminated possible problems
of categorization based on percentiles [15] by categorizing the subjects into no increase/de-
crease in BMI, a moderate increase/decrease in BMI and a high increase/decrease in BMI based
on pre-defined cut-points.

The short-term annual increase in BMI was divided into three categories: 1) No increase (ref-
erence) < 0.10 kg/m®/year; 2) Moderate increase 0.10-0.50 kg/m?/year; 3) High increase >
0.50 kg/m*/year. The short-term annual decrease in BMI was also divided into three categories:
1) No decrease (reference) > —0.10 kg/mz/year; 2) Moderate decrease —0.10 - —0.50 kg/mz/year;
3) High decrease < —0.50 kg/m’/year.

Among all 8,465 subjects, 7,187 (84.9%) subjects had data available on baseline BMI mea-
surements (taken after the age of 20) and on all included covariates. For 4,663 (55.1%) subjects
a full dataset on highest and lowest BMI and on long-term annual change in BMI could be ob-
tained. A full dataset on short-term annual changes in BMI was obtained for 3,864 (45.6%) sub-
jects (S1-54 Tables).

Cancer mortality

Cancer mortality was classified according to the International Classification of Diseases (ICD)
coding system. This classification was as follows: Any cancer (ICD 7: 140-239 and 294; ICD 8:
140-239; ICD 9: 140-239 and 288; ICD10: C00-C97, D00-D48), lung cancer (cancer of trachea,
bronchus and lung) (ICD 7: 162, 163; ICD 8: 162, 163; ICD 9: 162, 163, 165; ICD10: C33, C34,
C38, C39), cancer of colon and rectum (further referred to as colorectal cancer) (ICD 7: 153,
154; ICD 8: 153, 154; ICD 9: 153, 154; ICD 10 C18-C21), prostate cancer (ICD 7: 177; ICD 8:
185; ICD 9: 185 and ICD 10: C61), breast cancer (ICD 7: 170; ICD 8: 174; ICD 9:174, 175 and
ICD10: C50).

Statistical analyses

First, descriptive analyses of the subject characteristics and the mortality statistics were per-
formed. Independent sample t-test and Chi-square test were used to determine significant dif-
ferences between groups for continuous and categorical variables, respectively. Second, hazard
ratios (HRs) associated with BMI level and changes in BMI for mortality from any cancer and
any of the four common types of cancer were estimated using multivariate Cox regression. The
Cox regression model was adjusted for age and smoking habits at baseline, sex, and place of
residence. By performing stratified analyses, we estimated the BMI-associated risks for mortali-
ty from any cancer, lung cancer, and colorectal cancer for males and females separately and we
tested for interactions. Subjects who died due to other causes were censored at their age of
death. In the Cox regression, censoring took place when the subjects were still alive, were lost
to follow-up, or died of causes other than cancer under study. Subjects for which the cause of
dead was unknown were excluded from the analyses. The time variable in the Cox regression
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analysis was follow-up time since baseline. Log-minus-log plots were used to check if the pro-
portional hazards assumption holds. P values less than 0.05 were considered significant.

Results
Characteristics

Among all 8,465 subjects, 4,505 (53.2%) were alive, 1,194 (14.1%) died due to cancer, 2,473
(29.2%) died due to another reason than cancer, 158 subjects (1.9%) died due to external causes
such as an accident, suicide or homicide (Table 1). In 13 (0.1%) subjects the cause of death
could not be determined, and 122 (1.5%) subjects were lost to follow-up. Of those subjects who
died due to cancer, 275 (23.0%) died due to lung cancer, 134 (11.2%) died due to colorectal
cancer, 83 (7.0%) died due to prostate cancer, and 117 (9.9%) died due to breast cancer.

The characteristics of subjects who died due to specific types of cancer are shown in S5
Table. The mean age at baseline of the subjects who died due to cancer was 45.9 (standard devi-
ation (sd) = 11.1) years, and 58% were males. Subjects who died due to cancer were more often
ever smokers (66.8%) compared to subjects who were alive or died due to causes other than
cancer. Subjects who died due to cancer had significantly higher BMI levels at baseline

Table 1. Characteristics at baseline according to vital status on December 31st 2008 in the general population of Vlagtwedde-Vlaardingen, during
40 years of follow-up (n = 8645).

Characteristics Alive (A) Died due to Died but not due to Died due to Lost to follow- p-value p-value
(n = 4505) cancer (DC) cancer (DNC) external causes up (n =122) DCvs.A DCuvs.
(n=1194) (n = 2473) (n = 158) DNC
All subjects (%) 53.2 14.1 29.2 1.9 15
Men (%) 48.8 58.3 54.8 63.9 57.4 <0.01 0.04
Age in years, mean (sd)  30.2 (10.2) 45.9 (11.1) 50.1 (9.6) 43.6 (13.7) 33.2 (13.3) <0.01 <0.01
Smoking (%)
Never smokers 38.0 33.2 39.8 35.9 38.8 <0.01 <0.01
Ever smokers 62.0 66.8 60.2 64.1 61.2
BMI levels (%)
Normal 60.9 39.4 324 50.8 64.7 <0.01 <0.01
Overweight 31.8 44.7 49.5 37.9 29.3
Obese 7.3 15.9 18.0 11.3 6.0
BMI at baseline, kg/m? 24.8 (3.5) 26.3 (3.8) 26.9 (4.0) 25.4 (3.6) 23.7 (3.4) <0.01 <0.01
Highest BMI during the 26.4 (3.9) 27.9 (4.0) 28.0 (4.2) 26.8 (4.2) 25.3 (3.5) <0.01 0.90
study-period
Lowest BMI during the 24.1 (3.2) 25.2 (3.6) 25.1 (3.6) 24.1 (3.3) 24.3 (3.2) <0.01 0.84
study-period
Long term annual 0.1 (0.2) 0.1(0.2) 0.0 (0.3) 0.1 (0.3) 0.2 (0.4) <0.01 0.01
changes in BMI, kg/m2/
yr
Shor-term annual changes in BMI, kg/m2/yr
Highest increase 0.5 (0.4) 0.4 (0.4) 0.4 (0.5) 0.3 (0.4) 0.4 (0.5) <0.01 0.17
Highest decrease -0.3 (0.5) -0.3 (0.4) -0.4 (0.5) -0.3 (0.5) -0.1 (0.6) 0.60 <0.01

All subjects: n = 8452, in 13 subjects the cause of death could not be determined. BMI levels: Normal = BMI <25 kg/m?, Overweight = BMI 25-30 kg/m?.
Obese = BMI > 30 kg/m?. Long-term annual change in BMI: The difference between BMI at last survey and baseline divided by the time interval (year of
the last survey minus year of the baseline). Short-term annual changes in BMI: Highest increase = Highest annual increase in BMI between two
successive surveys, Highest decrease = Highest annual decrease in BMI between two successive surveys. P-value calculated by Chi- square or t-test.
Data on BMI levels and changes in BMI are shown as mean (sd).

doi:10.1371/journal.pone.0125261.1001
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Table 2. Number of subjects and hazard ratio (with 95% confidence interval) of BMI at baseline for mortality from any cancer, lung cancer, colorec-
tal cancer, among all 7187 subjects, prostate cancer, among 3718 males and breast cancer among 3469 females in Cox regression with adjustment
for age, smoking habits, and place of residence.

BMI level at Any cancer Lung cancer Colorectal cancer Prostate cancer Breast cancer
baseline
Nevents/ HR (95% Cl) Nevents/ HR (95% Cl) Nevents/ HR (95% Cl) Nevents/ HR (95% Cl) Nevents/ HR (95% Cl)
censored censored censored censored censored
All subjects
Normal 387/3082 1 114/3355 1 40/3429 1 13/1817 1 35/1604 1
Overweight 446/2431 0.90 (0.78-1.04) 99/2778 0.69 (0.53-0.91) 51/2826 0.86 (0.56—1.31) 41/1604 2.22 (1.19-4.17) 39/1193 0.90 (0.61-1.60)
Obese 158/683 1.23 (1.01-1.50) 19/822 0.78 (0.47-1.28) 22/ 819 1.28 (0.73-2.25) 7/236 3.33 (1.31-8.46) 29/569 1.52 (0.88-2.63)

Normal = BMI <25 kg/m?, overweight = BMI 25-30 kg/m?, obese = BMI > 30 kg/m?. Statistically significant results are shown in bold.

doi:10.1371/journal.pone.0125261.1002

compared to subjects who were alive, but had lower BMI levels compared to subjects who died
due to causes other than cancer (Table 1).

The median (range) time interval between the BMI measurements used to calculate the
long-term annual BMI change was 16 years (3-25) and 3,303 subjects had observations more
than 10 years apart.

Baseline BMI, highest BMI and lowest BMI during the study-period

Associations between baseline BMI and cancer mortality are shown in Table 2. Being over-
weight was associated with a higher risk of mortality from prostate cancer [males: (2.22 (1.19-
4.17), but a decreased risk of mortality from lung cancer [all subjects: (0.69 (0.53-0.91), and
males: (0.69 (0.51-0.92)]. Obesity at baseline was associated with a higher risk of mortality
from any type of cancer [all subjects: (HR) (95% CI) = 1.23 (1.01-1.50)), and females: (1.40
(1.07-1.84))] and prostate cancer [males (3.33 (1.31-8.46)] (Table 2, S1 and S6 Tables, Fig 1).
No significant interactions were observed between baseline BMI and sex on risk of cancer mor-
tality (S6 Table).

Females who were overweight or obese at least once during the study-period were more like-
ly to die from any type of cancer (overweight females: 1.59 (1.06-2.38)) and obese females:
(1.87 (1.21-2.89)) (S2 and S7 Tables, upper panel). Being overweight at least once during the
study-period was associated with a decreased risk of mortality from colorectal cancer among
males (0.40 (0.18-0.93)) (S2 and S7 Tables). Being overweight at least once during the study-
period significantly interacted with sex on risk of mortality due to any cancer ((HR) (95% CI)
=0.58 (0.36-0.93), p-value: 0.023 and colorectal cancer ((HR) (95% CI) = 0.09 (0.01-0.77), p-
value: 0.028). This indicates that the association between being overweight at least once during
the study-period and any cancer or colorectal cancer mortality is significantly different between
males and females; the effect was more pronounced in females (S7 Table). Chronic obesity was
associated with a higher risk of mortality from any type of cancer among all subjects (1.84
(1.35-2.49)) (Table 3, lower panel, Fig 2).

Chronically obese females, obese during the entire follow up, had a higher risk of mortality
from any cancer (2.16 (1.47-3.18)), from lung cancer (3.22 (1.06-9.76); p = 0.04), colorectal
cancer (4.32 (1.53-12.20)), and breast cancer (2.52 (1.15-5.54)) (Table 3, S2 and S7 Tables
lower panel, Fig 2). We found no significant association between chronic obesity and risk of
mortality from any type of cancer among males. No significant interactions were observed be-
tween chronic obesity and sex on risk of cancer mortality (S7 Table). In addition, sensitivity
analyses, excluding the underweight subjects or the ever smokers showed comparable results
(results not shown).
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Fig 1. Hazard ratio of different BMI categories at baseline (Normal (reference category), overweight, and obese) for any and specific types of

cancer mortality.

doi:10.1371/journal.pone.0125261.g001

Lifetime changes in BMI

Long-term annual change in BMI. There were no significant associations between long-
term annual change in BMI and cancer mortality risk (S3 and S8 Tables). No significant inter-
actions were observed between long-term annual change in BMI and sex on risk of cancer mor-
tality (S9 Table).

Short-term annual changes in BMI. We observed several significant associations between
short-term annual changes in BMI and cancer mortality risk. A moderate short-term annual
increase in BMI (an increase in BMI of 0.10-0.50 kg/m?*/year) was associated with a decreased
risk of mortality from any cancer (0.67 (0.48-0.93)) and breast cancer (0.38 (0.15-0.97)). A
high short-term annual increase in BMI (an increase in BMI of > 0.50 kg/m*/year) was associ-
ated with a decreased risk of mortality from any cancer among all subjects (0.67 (0.47-0.94))
(Table 4, upper panel, S4 Table, Fig 3). A moderate short-term annual decrease in BMI was as-
sociated with a decreased risk of mortality from any cancer among all subjects (0.75 (0.58-
0.97)). Additionally, a moderate short-term annual decrease in BMI was associated with a de-
creased risk of mortality from lung cancer (0.32 (0.11-0.94)), and breast cancer among females
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Table 3. Number of subjects and hazard ratio (with 95% confidence interval) of highest and lowest BMI during the study-period for mortality from
any cancer, lung cancer, colorectal cancer among all 4663 subjects, prostate cancer among 2448 males and breast cancer among 2215 females in
Cox regression with adjustment for age, smoking habits, and place of residence.

Highest Any cancer Lung cancer Colorectal cancer Prostate cancer Breast cancer
BMI level
Nevents/ HR (95% ClI) Nevents/ HR (95% ClI) Nevents/ HR (95% ClI) Nevents/ HR (95% ClI) Nevents/ HR (95% ClI)
censored censored censored censored censored
All subjects
Normal 116 /1210 1 35/1291 1 11/1315 1 2 /645 1 11 /668 1
Overweight 308/2083 0.99 (0.79-1.23) 77/2314  0.77 (0.51-1.15) 27 /2364 0.79 (0.39-1.62) 24/1399  3.56 (0.84—15.14) 22/946 1.14 (0.53-2.43)
Obese 137/809  1.27 (0.99-1.65) 23 /923 0.80 (0.47-1.37) 18/928 1.45 (0.66-3.18) 6/372 3.89 (0.77-19.60) 18/550 1.55 (0.69-3.49)
Lowest Any cancer Lung cancer Colorectal cancer Prostate cancer Breast cancer
BMI level
All subjects
Normal 298 /2633 1 80/2851 1 25/2906 1 15/1550 1 22/1344 1
Overweight 210/1276 0.96 (0.81—1.15) 46/1440  0.81 (0.56—-1.17) 24 /1462  1.12 (0.64-1.99) 15/804 1.24 (0.60-2.56) 19 /648 1.24 (0.65-2.36)
Obese 53 /193 1.84 (1.35-2.49) 9 /237 1.78 (0.88-3.61) 7 /239 2.24 (0.93-5.39) 2 /62 3.18 (0.72-14.08) 10/172 2.52 (1.15-5.54)

BMI levels: Normal = BMI <25 kg/m?, overweight = BMI 25-30 kg/m?, obese = BMI > 30 kg/m?. Statistically significant results are shown in bold.

doi:10.1371/journal.pone.0125261.t003

(0.43 (0.19-0.98)) (Table 4, S10 Table). A high short-term annual decrease in BMI was associ-
ated with a decreased risk of mortality from any cancer (0.73 (0.55-0.97)), (Table 4, lower
panel, S4 Table, Fig 3). No significant interactions were observed between short-term annual
changes in BMI and sex on risk of cancer mortality (S10 Table).

Sensitivity analyses, excluding the ever smokers showed comparable results (results not
shown). Furthermore, additional adjustment for baseline BMI did not change the results (re-
sults not shown).

Discussion

This is the first large cohort study in a general population investigating the association of BMI
levels and long-term and short-term annual changes in BMI with any cancer mortality and
four common types of cancer mortality. We showed that higher BMI was associated with a
higher mortality from any type of cancer. Chronic obesity was associated with higher mortality
from any type of cancer among females. We found no significant association between annual
change in BMI and cancer mortality. We observed that a moderate to high annual short-term
increase in BMI as well as a moderate to high annual short-term decrease in BMI was associat-
ed with lower mortality from any type of cancer.

Obesity was associated with an increased risk of mortality from any cancer and prostate
cancer in our study. Overweight was also associated with a decreased risk of prostate cancer
mortality. So far, studies on the association between BMI and prostate cancer have shown
modest positive associations with prostate cancer incidence [7,16] and stronger positive associ-
ations with prostate cancer mortality [17,18]. Potential biological mechanisms underlying the
association between BMI and prostate cancer could act through insulin, IGF-I, and testoster-
one [17,19]. For example, obesity is associated with increased levels of insulin and free IGF-I,
which changes the cellular environment favoring (prostate) cancer development [7,20]. In-
creased BMI is associated with decreased free testosterone levels in males [21]. Although a
lower level of testosterone does not seem to be associated with an increased risk of prostate can-
cer [22], it does appear to be associated with more severe disease with a worse prognosis [23].
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Fig 2. Hazard ratio of lowest BMI during follow-up for any and specific types of cancer mortality, relative to normal BMI.

doi:10.1371/journal.pone.0125261.g002

We found a lower risk of mortality from lung cancer among overweight subjects, especially
males. Several other studies consistently found this inverse association and suggested that this
association is independent of smoking and weight loss because of preclinical disease [24-27].
To test this suggestion we performed sensitivity analyses excluding the subjects who were ever
smokers or died within 5 years of the baseline visit. These analyses gave similar results as the
main analysis (results not shown) and thus confirmed that the observed associations are inde-
pendent of smoking or weight loss because of preclinical disease. The biological mechanism ex-
plaining this inverse association is not yet clear [23,25]. Among smokers, a possible
explanation for this inverse association between BMI and lung cancer is that leaner smokers
have higher concentrations of blood cotinine [25] (a metabolite of nicotine indicating tobacco
smoke exposure), which may induce tumour promotion [28].

Another interesting finding was that the association between chronic obesity and cancer
mortality was only present in females and not in males. This sex difference may be related to
differences in fat distribution between males and females. Males with increased BMI tend to
have central adiposity, whereas females tend to have general overweight [26]. This may affect
cancer risk differently. In addition, a high BMI is associated with higher levels of endogenous
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Table 4. Number of subjects and hazard ratio (with 95% confidence interval) of short-term annual changes in BMI (highest increase and highest
decrease in BMI between two subsequent observations) for mortality from all cancer, lung cancer, colorectal cancer among all 3864 subjects.

Highest short- Any cancer Lung cancer Colorectal cancer Prostate cancer Breast cancer

term annual

increase in BMI, n

(%)
Nevents/ HR (95% Cl) Nevents/ HR (95% Cl) Nevents/ HR (95% ClI) Nevents/ HR (95% Cl) Nevents/ HR (95% ClI)
censored censored censored censored censored

All subjects

No increase 40 /156 1 8/188 1 4/192 1 4 /87 1 6/99 1

Moderate increase 237 /1605 0.67 (0.48-0.93) 68 /1774 0.87 (0.42-1.81) 23/1819 0.68 (0.24-1.99) 14 /1017 0.33 (0.11-1.00) 16/795 0.38 (0.15-0.97)

High increase 198 /1628 0.67 (0.47-0.94) 40 /1786 0.60 (0.28-1.30) 18/1808 0.72 (0.24-2.17) 11/917 0.36 (0.11-1.14) 18/880 0.43 (0.17-1.12)

Highest short-  Any cancer Lung cancer Colorectal cancer Prostate cancer Breast cancer
term annual
decrease in BMI,
n (%)

Nevents/ HR (95% ClI) Nevents/ HR (95% ClI) Nevents/ HR (95% ClI) Nevents/ HR (95% ClI) Nevents/ HR (95% ClI)
censored censored censored censored censored

All subjects

No decrease 76/619 1 20/675 1 4 /691 1 4 /409 1 9/273 1

Moderate decrease 256 /1722  0.75 (0.58-0.97) 64 /1914 0.72 (0.43-1.20) 24/1954 1.07 (0.37-3.13) 19/1093 0.84 (0.28-2.51) 16 /850 0.43 (0.19-0.98)

High decrease 143/1048 0.73 (0.55-0.97) 32/1159 0.68 (0.38-1.19) 17/1174 1.33 (0.44-4.01) 6/519 0.57 (0.16—2.06) 15/651 0.52 (0.23—-1.21)

Prostate cancer among 2050 males and breast cancer among 1814 females in Cox regression with adjustment for age, smoking habits, and place of
residence. Highest increase in BMI: No increase = < 0.10 kg/m3/yr, moderate increase = 0.10-0.50 kg/m?/yr, high increase = > 0.50 kg/m?/yr. Highest
decrease in BMI: No decrease = > -0.10 kg/m?/yr, moderate decrease = -0.10- -0.50 kg/m?/yr, high decrease = < -0.50 kg/m?/yr. Statistically significant
results are shown in bold.

doi:10.1371/journal.pone.0125261.t004

sex hormones, but there are some differences in these associations between males and females.
For example, in severely obese males testosterone levels decrease due to a strong reduction in
gonadotropic stimulation of testicular testosterone synthesis [4], whereas in obese females tes-
tosterone levels increase [4]. Further research into these sex-specific associations between BMI
and sex hormones and cancer risk may shed more light on this.

Another explanation for the sex difference in the association between chronic obesity and
cancer mortality may be that increased BMI is associated very strongly with mortality from
other chronic diseases such as cardiovascular disease, especially in males [25]. It is possible that
more males than females have already died from cardiovascular disease before they could de-
velop cancer. This would decrease the HR for chronic obesity on cancer mortality only in
males. A competing risk analysis [29] indeed showed that chronic obesity was associated with a
higher risk for cancer mortality in females and with a higher risk for cardiovascular mortality
in males (see S11 Table).

We found no significant association between long-term annual change in BMI and cancer
mortality. However, the study power is compromised in our study, because of low number of
subjects in which the long-term annual change in BMI could be obtained, especially when spe-
cific types of cancer mortality and gender were considered. Surprisingly, we observed that a
moderate to high short-term annual increase in BMI and a moderate to high short-term annual
decrease in BMI are both associated with a decreased risk of mortality from any type of cancer
among all subjects, and from breast cancer among females. In line with this, Michels et al
found that both weight loss and weight gain are associated with decreased breast cancer inci-
dence among premenopausal women. However, these associations were not statistically signifi-
cant [30]. Some other studies suggested that the association between BMI and an increased risk
of breast cancer might be limited to pre-menopausal hormone receptor-negative breast cancer
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doi:10.1371/journal.pone.0125261.9003

[31

-32]. This suggests that the association between BMI and cancer varies by cancer subtype,

which warrants future studies.

Since higher BMI is associated with increased cancer risk, the finding that short-term de-
creases are associated with a decreased cancer risk is not surprising. Tee et al. in a recent sys-
tematic review and meta-analysis reported that weight loss with surgical intervention, is
associated with decreased risk of cancer only among females [33]. The fact that a sudden in-
crease in weight is also associated with a decreased risk of cancer mortality might be explained
by the fact that the cause of the specific weight gain might be a protective factor for cancer, not

the

weight gain itself.

In our study, for females, this short-term weight gain may be due to pregnancy, which is a
protective factor for breast cancer [34]. In smokers, short-term weight gain may be due to quit-
ting smoking [35], which also decreases the risk of cancer.

The strengths of our study include the large number of subjects (n = 8,645) sampled from the
general population, with a long follow-up and high follow-up rate: 98.5% of the included subjects
could be traced back [36]. This enabled us to investigate lifetime changes in BMI, as well as

PLOS ONE | DOI:10.1371/journal.pone.0125261
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chronic obesity as risk factors for cancer mortality. Moreover, we did not use self-reported weight
and height, but weight and height measured in a standardized way during all surveys, thereby
eliminating measurement bias in the BMI data, and misclassification of subjects into incorrect
BMI category, which occurs when you ask people for their weight instead of measuring it [37].

Another strength of the study is that we studied the association between BMI and cancer
mortality in four common types of cancer (lung cancer, colorectal cancer, prostate cancer and
breast cancer), while previous studies investigated only one type of cancer or rare cancers (e.g.
gastric cancer and gallbladder cancer). Finally, our results include sex-specific estimates, which
were assessed in two geographical regions (Vlagtwedde and Vlaardingen). Finally, BMI mea-
surements and changes in BMI were determined prior to cancer diagnosis, thus in apparently
healthy subjects.

The lack of information on alcohol consumption, and physical activity may be considered a
limitation in our study. Evidence shows that alcohol consumption may modify the effect of
other exposures including BMI on risk of cancer [38]. Physical activity may be causally related
to BMI, and thus plays an important role in the etiology of different types of cancer. Moreover,
it acts through multiple biological mechanisms that influence the cancer development [39].
Therefore, further studies considering different confounders are needed to clarify the associa-
tion between BMI, and changes in BMI and risk of cancer mortality.

Clearly, our study is highly relevant and timely given the rapidly spreading global obesity
epidemic. In addition, our results underscore the importance of strategies to prevent and re-
duce overweight and obesity.
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S$1 Table. Number of subjects and follow-up times (FU) of subjects included in the analyses
on the associations between BMI at baseline and mortality due to any cancer, lung cancer,
colorectal cancer, prostate cancer, and breast cancer, in a general population of Vlagt-
wedde-Vlaardingen during 40 years of follow-up. Normal = BMI <25 kg/m2,

Overweight = BMI 25-30 kg/m2, Obese = BMI > 30 kg/m2.

(DOCX)

$2 Table. Number of subjects and follow-up times (FU) of subjects included in the analyses
on the associations between highest and lowest BMI level during study-period and mortali-
ty due to any cancer, lung cancer, colorectal cancer, prostate cancer, and breast cancer, in a
general population of Vlagtwedde-Vlaardingen during 40 years of follow-up.

Normal = BMI <25 kg/m2, Overweight = BMI 25-30 kg/m2, Obese = BMI > 30 kg/m2.
(DOC)

$3 Table. Number of subjects and follow-up times (FU) of subjects included in the analyses
on the associations between long-term annual change in BMI and mortality due to any can-
cer, lung cancer, colorectal cancer, prostate cancer, and breast cancer, in a general popula-
tion of Vlagtwedde-Vlaardingen during 40 years of follow-up. Decrease = < .0.02 kg/m2/yr,
No change = -0.02-0.02 kg/m2/yr, Moderate increase = 0.02-0.4 kg/m2/yr, High increase = >
0.4 kg/m2/yr.

(DOC)

S$4 Table. Number of subjects and follow-up times (FU) of subjects included in the analyses
on the associations between short-term annual changes in BMI and mortality due to any

PLOS ONE | DOI:10.1371/journal.pone.0125261 April 16,2015 12/16


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0125261.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0125261.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0125261.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0125261.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0125261.s005

@'PLOS ‘ ONE

BMI and Cancer Mortality Risk

cancer, lung cancer, colorectal cancer, prostate cancer, and breast cancer, in a general pop-
ulation of Vlagtwedde-Vlaardingen during 40 years of follow-up. Highest short-term annual
increase in BMI: No increase = < 0.10 kg/m2/yr, Moderate increase = 0.10-0.50 kg/m2/yr, High
increase = > 0.50 kg/m2/yr. Highest short-term annual decrease in BMI: No decrease = > -0.10
kg/m2/yr, Moderate decrease = -0.10- -0.50 kg/m2/yr, High decrease = < -0.50 kg/m2/yr.
(DOC)

S5 Table. Characteristics at baseline, for subjects who died due to lung cancer, colorectal
cancer, prostate cancer, and breast cancer in a general population of Vlagtwedde-Vlaar-
dingen during 40 years of follow-up. Long-term annual change in BMI: The difference be-
tween BMI at last survey and baseline divided by the time interval (year of the last survey minus
year of the baseline). Short-term annual changes in BMI: Highest increase = Highest annual in-
crease in BMI between two successive surveys, Highest decrease = Highest annual decrease be-
tween two successive surveys. Data on BMI levels and changes in BMI are shown as mean (sd).
(DOC)

S6 Table. Hazard ratio (with 95% confidence interval) of BMI at baseline for mortality
from any cancer, lung cancer, colorectal cancer, among 3718 males and 3469 females in
Cox regression with adjustment for age, smoking habits, and place of residence. Stratifica-
tion according to sex and interactions are shown. Normal = BMI <25 kg/m2,

overweight = BMI 25-30 kg/m2, obese = BMI > 30 kg/m2. Statistically significant results are
shown in bold.

(DOC)

S7 Table. Hazard ratio (with 95% confidence interval) of highest and lowest BMI during
the study-period for mortality from any cancer, lung cancer, colorectal cancer among 2448
males and 2215 females in Cox regression with adjustment for age, smoking habits, and
place of residence. Stratification according to sex and interactions are shown. BMI levels:
Normal = BMI <25 kg/m2, overweight = BMI 25-30 kg/m2, obese = BMI > 30 kg/m?2. Statisti-
cally significant results are shown in bold. NA: Not Available, no mortality in this category.
(DOC)

S8 Table. Hazard ratio (with 95% confidence interval) of long-term annual change in BMI
categories for mortality from all cancer, lung cancer, colorectal cancer among all 4663 sub-
jects. Prostate cancer among 2448 males and breast cancer among 2215 females in Cox regres-
sion with adjustment for age, smoking habits, and place of residence. Long-term annual
change in BMI: Decrease = < -0.02 kg/m2/yr, no change = -0.02-0.02 kg/m2/yr, moderate in-
crease = 0.02-0.4 kg/m2/yr, high increase = > 0.4 kg/m2/yr. NA: Not Available, no mortality
in this category.

(DOC)

§9 Table. Hazard ratio (with 95% confidence interval) of long-term annual change in BMI
over the entire study period categories for mortality from all cancer, lung cancer, colorectal
cancer among 2448 males and 2215 females in Cox regression with adjustment for age,
smoking habits, and place of residence. Stratification according to sex and interactions are
shown. Long-term annual change in BMI: Decrease = < -0.02 kg/m2/yr, no change = -0.02-
0.02 kg/m2/yr, moderate increase = 0.02-0.4 kg/m2/yr, high increase = > 0.4 kg/m2/yr. NA:
Not Available, no mortality in this category.

(DOC)

$10 Table. Hazard ratio (with 95% confidence interval) of short-term annual changes in
BMI (highest increase and highest decrease in BMI between two subsequent observations)

PLOS ONE | DOI:10.1371/journal.pone.0125261 April 16,2015 13/16


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0125261.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0125261.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0125261.s008
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0125261.s009
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0125261.s010
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0125261.s011

@' PLOS ‘ ONE

BMI and Cancer Mortality Risk

for mortality from all cancer, lung cancer, colorectal cancer among 2050 males 1814 fe-
males in Cox regression with adjustment for age, smoking habits, and place of residence.
Stratification according to sexes and interactions are shown. Normal = BMI <25 kg/m?2,
Overweight = BMI 25-30 kg/m2, Obese = BMI > 30 kg/m2.

(DOC)

S11 Table. Competing risk analysis on the association between the lowest BMI during fol-
low-up and cancer, and cardiovascular mortality in males and females. Highest increase in
BMI: No increase = < 0.10 kg/m2/yr, moderate increase = 0.10-0.50 kg/m2/yr, high increase =
> 0.50 kg/m2/yr. Highest decrease in BMI: No decrease = > -0.10 kg/m2/yr, moderate decrease
=-0.10- -0.50 kg/m2/yr, high decrease = < -0.50 kg/m2/yr. Statistically significant results are
shown in bold.

(DOC)

Acknowledgments

This study was supported by the Netherlands Asthma Found (grant numbers 187 and
32.96.69), the Stichting Astma Bestrijding (grant number 2005/020) and GUIDE-University
Medical Center Groningen.

Author Contributions

Conceived and designed the experiments: NT JMV HMB. Performed the experiments: NT. An-
alyzed the data: NT. Contributed reagents/materials/analysis tools: JPS JMV. Wrote the paper:
NT.

References

1. Kaidar-Person O, Bar-Sela G, Person B. The Two Major Epidemics of the Twenty-First Century: Obesi-
ty and Cancer. Obes Surg 2011; 13:1792-1797.

Central Bureau of Statistic (CBS), Health and welfare, Source, Available: http://www.cbs.nl.

3. KushiLH, Doyle C, McCullough M, Rock CL, Demark-Wahnefried W, Bandera EV, et al. American Can-
cer Society Guidelines on nutrition and physical activity for cancer prevention: reducing the risk of can-
cer with healthy food choices and physical activity. Cancer J Clin 2012; 62: 30—67. doi: 10.3322/caac.
20140 PMID: 22237782

4. Renehan AG, Tyson M, Egger M, Heller RF, Zwahlen M. Body-mass index and incidence of cancer: a
systematic review and meta-analysis of prospective observational studies. Lancet 2008; 371:
569-578. doi: 10.1016/S0140-6736(08)60269-X PMID: 18280327

5. De Pergola G, Silvestris F. Obesity as a major risk factor for cancer. J Obes 2013; 291546. doi: 10.
1155/2013/291546 PMID: 24073332

6. Calle EE, Rodriguez C, Walker-Thurmond K, Thun MJ. Overweight, obesity, and mortality from cancer
in a prospectively studied cohort of U.S. adults. N Engl J Med 2003; 348:1625-1638. PMID: 12711737

7. Roberts DL, Dive C, Renehan AG. Biological mechanisms linking obesity and cancer risk: new per-
spectives. Annu Rev Med 2010; 61: 301-316. doi: 10.1146/annurev.med.080708.082713 PMID:
19824817

8. ParrCL, Batty GD, Lam TH, Barzi F, Fang X, Ho SC, et al. Body-mass index and cancer mortality in the
Asia-Pacific Cohort Studies Collaboration: pooled analyses of 424,519 participants. Lancet Oncol
2010; 11:74152.

9. ZhengH, Tumin D, Qian Z. Obesity and Mortality Risk: New Findings From Body Mass Index Trajecto-
ries. Am J Epidemiol. 2013; 10.1093.

10. Zajacova A, Ailshire J. Body Mass Trajectories and Mortality Among Older Adults: A Joint Growth Mix-
ture-Discrete-Time Survival Analysis. Gerontologist 2013.

11.  Aleksandrova K, Nimptsch K, Pischon T. Obesity and colorectal cancer. Front Biosci (Elite Ed) 2013;
5:61-77. PMID: 23276970

PLOS ONE | DOI:10.1371/journal.pone.0125261 April 16,2015 14/16


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0125261.s012
http://www.cbs.nl
http://dx.doi.org/10.3322/caac.20140
http://dx.doi.org/10.3322/caac.20140
http://www.ncbi.nlm.nih.gov/pubmed/22237782
http://dx.doi.org/10.1016/S0140-6736(08)60269-X
http://www.ncbi.nlm.nih.gov/pubmed/18280327
http://dx.doi.org/10.1155/2013/291546
http://dx.doi.org/10.1155/2013/291546
http://www.ncbi.nlm.nih.gov/pubmed/24073332
http://www.ncbi.nlm.nih.gov/pubmed/12711737
http://dx.doi.org/10.1146/annurev.med.080708.082713
http://www.ncbi.nlm.nih.gov/pubmed/19824817
http://www.ncbi.nlm.nih.gov/pubmed/23276970

@ PLOS | one

BMI and Cancer Mortality Risk

12

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Kitahara CM, Berndt S, de Gonzalez AB, Coleman HG, Schoen RE, Hayes RB, et al. Prospective in-
vestigation of body mass index, colorectal adenoma, and colorectal cancer in the prostate, lung, colo-
rectal, and ovarian cancer screening trial. J Clin Oncol 2013; 31:2450-2459. doi: 10.1200/JC0O.2012.
48.4691 PMID: 23715565

Hospers JJ, Schouten JP, Weiss ST, Postma DS, Rijcken B. Eosinophilia is associated with increased
all-cause mortality after a follow-up of 30 years in a general population sample. Epidemiology 2000;
11:261-268. PMID: 10784241

van der Lende R, Kok TJ, Reig RP, Quanjer PH, Schouten JP, Orie NG. Decreases in VC and FEV1
with time: indicators for effects of smoking and air pollution. Bull Eur Physiopathol Respir 1981; 17:
775-792. PMID: 7296080

Bennette C, Vickers A. Against quantiles: categorization of continuous variables in epidemiologic re-
search, and its discontents BMC Medical Research Methodology 2012; 12:21. doi: 10.1186/1471-
2288-12-21 PMID: 22375553

Engeland A, Tretli S, Bjorge T. Height, body mass index, and prostate cancer: a follow-up of 950000
Norwegian men. Br J Cancer 2003; 89: 1237—-1242. PMID: 14520453

Cao Y, Ma J. Body mass index, prostate cancer-specific mortality, and biochemical recurrence: a sys-
tematic review and meta-analysis. Cancer Prev Res (Phila) 2011;4486-501.

Haggstrom C, Stocks T, Ulmert D, Bjgrge T, Ulmer H, Hallmans G, et al. Prospective study on metabol-
ic factors and risk of prostate cancer. Cancer 2012; 118: 6199-6206. doi: 10.1002/cncr.27677 PMID:
23090855

Ma J, Li H, Giovannucci E, Mucci L, Qiu W, Nguyen PL, et al. Prediagnostic body-mass index, plasma
C-peptide concentration, and prostate cancer-specific mortality in men with prostate cancer: a long-
term survival analysis. Lancet Oncol 2008; 9:1039—1047. doi: 10.1016/S1470-2045(08)70235-3 PMID:
18835745

Lima GA, Correa LL, Gabrich R, Miranda LC, Gadelha MR. IGF-I, insulin and prostate cancer. Arq Bras
Endocrinol Metabol 2009; 53: 969-975. PMID: 20126849

Derby CA, Zilber S, Brambilla D, Morales KH, McKinlay JB. Body mass index, waist circumference and
waist to hip ratio and change in sex steroid hormones: the Massachusetts Male Ageing Study. Clin
Endocrinol (Oxf) 2006; 65: 125—131. PMID: 16817831

Endogenous Hormones and Prostate Cancer Collaborative Group, Roddam AW, Allen NE, Appleby P,
Key TJ. Endogenous sex hormones and prostate cancer: a collaborative analysis of 18 prospective
studies. J Natl Cancer Inst 2008; 100: 170-183. doi: 10.1093/jnci/djm323 PMID: 18230794

Hoffman MA, DeWolf WC, Morgentaler A. Is low serum free testosterone a marker for high grade pros-
tate cancer? J Urol 2000; 163: 824—-827. PMID: 10687985

Smith L, Brinton LA, Spitz MR, Lam TK, Park Y, Hollenbeck AR, et al. Body mass index and risk of lung
cancer among never, former, and current smokers. J Natl Cancer Inst 2012; 104: 778-789. doi: 10.
1093/jnci/djs179 PMID: 22457475

Prospective Studies Collaboration, Whitlock G, Lewington S, Sherliker P, Clarke R, Emberson J, et al.
Body-mass index and cause-specific mortality in 900 000 adults: collaborative analyses of 57 prospec-
tive studies. Lancet 2009; 373: 1083—-1096. doi: 10.1016/S0140-6736(09)60318-4 PMID: 19299006

Leung CC, Lam TH, Yew WW, Chan WM, Law WS, Tam CM. Lower lung cancer mortality in obesity. Int
J Epidemiol 2011; 40: 174-182. doi: 10.1093/ije/dyq134 PMID: 20709687

Yang Y, Dong J, SunK, Zhao L, Zhao F, Wang L, et al. Obesity and incidence of lung cancer: a meta-
analysis. Int J Cancer 2013; 132:1162—1169. doi: 10.1002/ijc.27719 PMID: 22777722

Nakada T, Kiyotani K, lwano S, Uno T, Yokohira M, Yamakawa K, et al. Lung tumorigenesis promoted
by anti-apoptotic effects of cotinine, a nicotine metabolite through activation of PI3K/Akt pathway. J
Toxicol Sci 2012; 37: 555-563. PMID: 22687995

Putter H, Fiocco M, Geskus RB. Tutorial in biostatistics: competing risks and multi-state models. Stat
Med 2007; 26:2389-2430. PMID: 17031868

Michels KB, Terry KL, Eliassen AH, Hankinson SE, Willett WC. Adult weight change and incidence of
premenopausal breast cancer. Int J Cancer 2012; 130: 902—-909. doi: 10.1002/ijc.26069 PMID:
21413008

Biglia N, Peano E, Sgandurra P, Moggio G, Pecchio S, Maggiorotto F, et al. Body mass index (BMI)
and breast cancer: impact on tumor histopathologic features, cancer subtypes and recurrence rate in
pre and postmenopausal women. Gynecol Endocrinol 2013; 29:263—267. doi: 10.3109/09513590.
2012.736559 PMID: 23174088

Petekkaya |, Sahin U, Gezgen G, Solak M, Yuce D, Dizdar O, et al. Association of breast cancer sub-
types and body mass index. Tumori 2013; 99:129—-138. doi: 10.1700/1283.14180 PMID: 23748802

PLOS ONE | DOI:10.1371/journal.pone.0125261

April 16,2015 15/16


http://dx.doi.org/10.1200/JCO.2012.48.4691
http://dx.doi.org/10.1200/JCO.2012.48.4691
http://www.ncbi.nlm.nih.gov/pubmed/23715565
http://www.ncbi.nlm.nih.gov/pubmed/10784241
http://www.ncbi.nlm.nih.gov/pubmed/7296080
http://dx.doi.org/10.1186/1471-2288-12-21
http://dx.doi.org/10.1186/1471-2288-12-21
http://www.ncbi.nlm.nih.gov/pubmed/22375553
http://www.ncbi.nlm.nih.gov/pubmed/14520453
http://dx.doi.org/10.1002/cncr.27677
http://www.ncbi.nlm.nih.gov/pubmed/23090855
http://dx.doi.org/10.1016/S1470-2045(08)70235-3
http://www.ncbi.nlm.nih.gov/pubmed/18835745
http://www.ncbi.nlm.nih.gov/pubmed/20126849
http://www.ncbi.nlm.nih.gov/pubmed/16817831
http://dx.doi.org/10.1093/jnci/djm323
http://www.ncbi.nlm.nih.gov/pubmed/18230794
http://www.ncbi.nlm.nih.gov/pubmed/10687985
http://dx.doi.org/10.1093/jnci/djs179
http://dx.doi.org/10.1093/jnci/djs179
http://www.ncbi.nlm.nih.gov/pubmed/22457475
http://dx.doi.org/10.1016/S0140-6736(09)60318-4
http://www.ncbi.nlm.nih.gov/pubmed/19299006
http://dx.doi.org/10.1093/ije/dyq134
http://www.ncbi.nlm.nih.gov/pubmed/20709687
http://dx.doi.org/10.1002/ijc.27719
http://www.ncbi.nlm.nih.gov/pubmed/22777722
http://www.ncbi.nlm.nih.gov/pubmed/22687995
http://www.ncbi.nlm.nih.gov/pubmed/17031868
http://dx.doi.org/10.1002/ijc.26069
http://www.ncbi.nlm.nih.gov/pubmed/21413008
http://dx.doi.org/10.3109/09513590.2012.736559
http://dx.doi.org/10.3109/09513590.2012.736559
http://www.ncbi.nlm.nih.gov/pubmed/23174088
http://dx.doi.org/10.1700/1283.14180
http://www.ncbi.nlm.nih.gov/pubmed/23748802

@ PLOS | one

BMI and Cancer Mortality Risk

33.

34.

35.

36.

37.

38.

39.

Tee MC, Cao Y, Warnock GL, Hu FB, Chavarro JE. Effect of bariatric surgery on oncologic outcomes: a
systematic review and meta-analysis. Surg Endosc 2013; 27:4449-4456. doi: 10.1007/s00464-013-
3127-9 PMID: 23949484

El-Bastawissi AY, Aiello EJ, Buist DS, Taplin SH. Previous pregnancy outcome and breast density
(United States). Cancer Causes Control 2005; 16: 407—-417. PMID: 15953983

Fernandez E, Chapman S. Quitting smoking and gaining weight: the odd couple. BMJ 2012; 345:
e4544. doi: 10.1136/bmj.e4544 PMID: 22782849

Figarska SM, Boezen HM, Vonk JM. Dyspnea severity, changes in dyspnea status and mortality in the
general population: the Vlagtwedde/Vlaardingen study. Eur J Epidemiol 2012; 27: 867-876. doi: 10.
1007/s10654-012-9736-0 PMID: 23054033

Flegal KM, Kit BK, Orpana H, Graubard Bl. Association of all-cause mortality with overweight and obe-
sity using standard body mass index categories: a systematic review and meta-analysis. JAMA 2013;
309: 71-82. doi: 10.1001/jama.2012.113905 PMID: 23280227

Zhao J, Zhu Y, Wang PP, West R, Buehler S, Sun Z, et al. Interaction between alcohol drinking and
obesity in relation to colorectal cancer risk: a case-control study in Newfoundland and Labrador, Cana-
da. BMC Public Health 2012; 12:12-94. doi: 10.1186/1471-2458-12-12 PMID: 22221851

Guilera M, Connelly-Frost A, Keku TO, Martin CF, Galanko J, Sandler RS. Does physical activity modify
the association between body mass index and colorectal adenomas? Nutr Cancer 2005; 51:140-145.
PMID: 15860435

PLOS ONE | DOI:10.1371/journal.pone.0125261

April 16,2015 16/16


http://dx.doi.org/10.1007/s00464-013-3127-9
http://dx.doi.org/10.1007/s00464-013-3127-9
http://www.ncbi.nlm.nih.gov/pubmed/23949484
http://www.ncbi.nlm.nih.gov/pubmed/15953983
http://dx.doi.org/10.1136/bmj.e4544
http://www.ncbi.nlm.nih.gov/pubmed/22782849
http://dx.doi.org/10.1007/s10654-012-9736-0
http://dx.doi.org/10.1007/s10654-012-9736-0
http://www.ncbi.nlm.nih.gov/pubmed/23054033
http://dx.doi.org/10.1001/jama.2012.113905
http://www.ncbi.nlm.nih.gov/pubmed/23280227
http://dx.doi.org/10.1186/1471-2458-12-12
http://www.ncbi.nlm.nih.gov/pubmed/22221851
http://www.ncbi.nlm.nih.gov/pubmed/15860435

