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Background: The study aimed to identify the association between the lifestyle-related
factors and the cancer-specific, or non-cancer-specific mortality, when accompanied by a
competing risk. Two statistical methods were applied, i.e., cause-specific hazard (CSH),
and sub-distribution hazard ratio (SHR). Their respective key advantages, relative to the
actual study design, were addressed, as was overall application potential.

Methods: Source data from 4,584 residents (34.2% men), aged 45–64 years, were
processed using two different families of regression models, i.e., CSH and SHR; principal
focus upon the impact of lifestyle-related factors on the competing risk of cancer and non-
cancer mortality. The results were presented as hazard ratios (HR) with 95% confidence
intervals (95% CI).

Results: Age, smoking status, and family history of cancer were found the leading risk
factors for cancer death; the risk of non-cancer death higher in the elderly, and smoking
individuals. Non-cancer mortality was strongly associated with obesity and hypertension.
Moderate to vigorous physical activity decreased the risk of death caused by cancer and
non-cancer causes.

Conclusions: Specific, lifestyle-related factors, instrumental in increasing overall, and
cancer-specific mortality, are modifiable through health-promoting, individually pursued
physical activities. Regular monitoring of such health-awareness boosting pursuits seems
viable in terms of public health policy making.
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INTRODUCTION

According to World Health Organization (WHO), up to 30%–
50% of cancer-related deaths may be precluded through
application of effective preventive strategies and elimination of
risk factors (1). In general, the risk factors at issue fall into
broader categories, i.e., genetic, behavioral, social, and
environmental (2, 3). The most common, lifestyle-related
factors comprise active and passive smoking, alcohol
consumption, obesity, reduced or altogether absent physical
activity, low intake of fruits and vegetables, infections, air
pollution, and some of the sexual practices (1, 4–6). Some of
the enumerated factors may effectively be controlled through a
modification of individual lifestyle (7). It is well-worth
highlighting at this juncture that all cancer-related or
cardiovascular events with either fatal, or non-fatal outcomes
are similar to some extent (8, 9). Population aging process
contributes to an increased incidence of cancer- and non-
cancer-specific deaths, quite similar when accompanied by
identical, common risk factors (10). Application of adequate
statistical models is therefore essential, with a view to assessing
more than one endpoint, which is termed a competing risk
analysis in the literature on the subject (11).

Competing risk analysis, which complements traditional
survival analysis, helps evaluate the risk of a specific endpoint
when accompanied by the competing events (12). The most
prominent characteristics of a competing event consists in the
fact that it alters the probability of an alternative outcome or
completely excludes it (13). For example, in the studies aimed at
estimating the risk of cancer mortality, non-cancer death may be
deemed a competing event. Regardless of the follow-up time,
cancer-related death precludes other causes of death. Conversely,
death caused by cardiovascular event effectively excludes the
likelihood of a cancer-related death (14).

Conventional time-to-event analysis ignores the probability
of a competing event (15). Some of the statistical approaches,
however, enable survival analysis in the presence of more than
one endpoint. One of them, based on the Cox method, entails on
estimation of type c event intensity, being termed the cause-
specific hazard (CSH). The risk of an event of interest is
described in a discrete time setting as the number of cases who
experienced the event of interest, divided by the number at risk at
the time t (16).

Some investigators do argue, however, that the method at
issue is dubious, since it arbitrarily assumes an impossible to
verify independence of events, as for each case an event of
interest, a competing event, and censoring would have to occur
in any order (17). Sensitivity analysis is therefore strongly
advised, should there be any doubts as to the actual choice of
optimum approach (18).

Furthermore, the assumption of non-informative censoring
may be compromised, as the cases who have experienced a
competing event are censored with the date of its occurrence,
which causes them to continue to be represented by the
individuals remaining alive, who did not pass away due to
any causes (14). Nevertheless, CSH method is commonly
applied in the competing risk analysis , as wel l as
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recommended in the epidemiological studies exploring
various aetiology issues.

The other statistical method is meant to calculate the hazard
function of sub-distribution, followed by the estimation of
regression model for this function. In this approach, a different
hazard function is defined as the probability of endpoint,
assuming that each case (patient) survived time t without the
occurrence of event of interest, or experienced a competing event
before time t (19). The effect of risk factors is expressed as the
sub-distribution hazard ratio (SHR). The SHR results should not
be interpreted in the same way as the CSH ones. This is implied
by the fact that the cases no longer at risk of the event of interest
remain in the risk set (20). One of the drawbacks of SHR is the
limited possibility to have the results extrapolated onto other
populations, owing to potential differences in the distribution of
competing events (16). Therefore, SHR is by far the best suited
method to be applied in prognostic studies (21).

The study aimed therefore to identify the association between
the lifestyle-related factors and the cancer-specific, or non-
cancer-specific mortality, in the presence of a competing risk.
MATERIALS AND METHODS

The Polish–Norwegian Study (PONS)
The PONS Project, i.e., “Establishment of infrastructure for
population health research in Poland” aimed to collect
population data, with a view to assessing the determinants of
health and the main causes of morbidity and mortality in Poland.
Sixty thousand local residents, aged 45-64 years, were selected
from a single urban district – of whom 13% were included in the
PONS sample, and 50,000 residents from a single rural district –
of whom 10% were included in the PONS sample. During the
recruitment period, 12% (n=13,172) of the target population
were recruited to the PONS study, including 4,799 urban
residents. The study protocol comprised a Health Status
Questionnaire, medical examination, basic anthropometric
measurements, and blood and urine sampling. The Health
Status Questionnaire addressed the psycho-social determinants
of health status on interactive, structural, and behavioral
levels (22).

Data Verification
Pursuant to applicable legislation regulating access to the PONS
data, only the data pertaining to permanent urban residents were
used in the present study. The verification covered the data of
4.799 (33.7% of men) survey participants. In order to evaluate
association of select confounders with cancer death, all
participants diagnosed with cancer (n=215) at baseline were
excluded. In the last step, 4,584 of participants (1,567 men and
3,017 women, aged 45–64; mean age of 55.3 ± 5.4 years) were
covered by the final analysis.

Follow-Up
The follow-up spanned the period since the date of clinical
examination (September 2010–December 2011) until the date
of death (caused by cancer or non-cancer causes), or the data
November 2020 | Volume 10 | Article 545078
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censoring point, set for April 2018. The mean follow-up time in
the group of 4,584 participants reached 7.6 years.

Outcomes
Cancer-specific mortality was the primary outcome, whereas
secondary endpoint comprised non-cancer-related deaths. The
cause of death was established against the local Cancer Registry
(CR) and death registry. The International Classification of
Diseases and Related Health Problems (ICD-10) was applied to
report the primary cause of death. Cancer causes of death were
defined by the following codes: C15, C16, C18, C20, C22, C24,
C25, C34, C43, C50, C52, C54, C56, C64, C67, C71, C83, C84,
C90-C92. The most frequently observed cause of death from
cancer (34.0%) was the lung cancer.

Anthropometric Measurements
Four measures of general obesity and fat distribution were
applied, i.e., body mass index (BMI), waist circumference,
waist-to-hip ratio, waist-to-height ratio. Body weight was
measured with an accuracy of 0.1 kg using body composition
analyser Tanita SC-240 MA, while height was assessed in an
upright position by a Seca height measure (with an accuracy of
0.1 cm). BMI was calculated as the ratio of the body mass (in kg)
divided by the squared height (in metres). Natural waist
indentation or umbilicus were used as specific points against
which the waist circumference was measured. The hip
circumference was measured at the widest part of the hips.
Waist-to-hip and waist-to-height ratios were calculated as the
ratio of waist circumference divided by the hip circumference
and the waist circumference divided by height, respectively. Self-
reported alcohol and red meat intake were specified in grams per
week. Systolic and diastolic blood pressure were measured by a
blood pressure monitor Omron (Model M3 Intellisense) and
calculated as the average of two readings executed by
medical personnel.

Laboratory Measurements
Serum measurements were taken using enzymatic methods in a
laboratory, in compliance with pertinent reference standards. The
concentrations of fasting glucose level, total cholesterol, high
density lipoprotein (HDL-C) and triglyceride (TG) were
obtained by means of the enzyme method with hexokinase,
cholesterol oxidase, and cholesterol esterase methods, as well as
by making use of the direct method with TOOS and surfactant,
respectively. Laboratory tests were carried out with the aid of CB
350i Wiener Lab.

All the variables listed so far, as well as age and comorbidities,
were treated as the continuous variables.

An Individual Health Status Questionnaire
Smoking status (never, current, former) was deemed a strong
and widely acknowledged confounder of cancer death. Level of
education (lower – primary or vocational and upper – secondary
or higher), marital status (single and in a relationship) and
occupational activity (inactive and active) were used as a
measure of socioeconomic status, and treated as factor
variables. Self-reported moderate to vigorous physical activity
Frontiers in Oncology | www.frontiersin.org 3
in leisure (MVPA) was calculated as a continuous variable in
minutes per week, based on the replies furnished by the
respondents in the long version of the International Physical
Activity Questionnaire. Self-reported comorbidities and familial
cancer history were treated as the factor variables. Basic
characteristics of the study population are presented in Table 1.

Statistical Analysis
The percentage of missing values of each variable were reported.
Participants with missing values ≤1% were excluded from further
analysis. None of the analyzed variables had missing values >1%.
TABLE 1 | Basic characteristics of study group, stratified by sex.

Variable Men without
cancer

at baseline
(n=1,567)

Women without
cancer

at baseline
(n=3,017)

Age (years) 55.2 ± 5.5 55.4 ± 5.3
Education, n (%)
Lower level (primary or vocational) 317 (20.2) 380 (12.6)
Upper level (secondary or higher) 1,250 (79.8) 2,637 (87.4)

Marital status, n (%)
Single 189 (12.1) 887 (29.4)
In a relationship 1,375 (87.8) 2,130 (70.6)
Missing values, n (%) 3 (0.2) 0 (0.0)

Professional activity, n (%)
Professional inactive 505 (32.2) 1,487 (49.3)
Professional active 1,060 (67.7) 1,526 (50.6)
Missing values, n (%) 2 (0.1) 4 (0.1)

BMI (kg/m^2) 28.3 ± 3.9 27.5 ± 4.7
Waist circumference (cm) 98.0 ± 10.3 85.0 ± 11.3
Waist-to-hip ratio 0.96 ± 0.07 0.84 ± 0.07
Waist-to-height ratio 0.57 ± 0.06 0.54 ± 0.07
Smoking, n (%)
Never 553 (35.3) 1,506 (49.9)
Current 297 (19.0) 520 (17.2)
Former 717 (45.8) 989 (32.8)
Missing values, n (%) 0 (0.0) 2 (0.1)

Alcohol intake (grams/week) 37.0 ± 89.5 7.0 ± 24.6
Missing values, n (%) 0 (0.0) 5 (0.2)

Red meat intake (grams/week) 580.0 ± 310.3 455.0 ± 275.8
Systolic blood pressure (mm/Hg) 141.5 ± 18.3 132.5 ± 18.9
Diastolic blood pressure (mm/Hg) 84.0 ± 10.2 79.5 ± 10.0
Glucose (mg/dL) 98.5 ± 21.0 93.0 ± 17.7
Missing values, n (%) 2 (0.1) 4 (0.1)

Total cholesterol (mg/dL) 203.0 ± 38.3 212.0 ± 37.3
Missing values, n (%) 1 (0.1) 4 (0.1)

HDL-C (mg/dL) 51.0 ± 12.4 61.0 ± 15.0
Missing values, n (%) 1 (0.1) 4 (0.1)

TG (mg/dL) 113.0 ± 81.2 97.0 ± 59.3
Missing values, n (%) 1 (0.1) 4 (0.1)

MVPA (minutes/week) 24.8 ± 52.8 19.8 ± 41.6
History of diabetes, n (%) 104 (6.6) 133 (4.4)
Missing values, n (%) 1 (0.1) 3 (0.1)

Familial cancer, n (%) 588 (37.5) 1,252 (41.5)
Missing values, n (%) 15 (1.0) 15 (0.5)

Comorbidities, n (%) 705 (45.0) 1,401 (46.4)
Missing values, n (%) 17 (1.1) 33 (1.1)

Cancer deaths events, (n) 19 28
Non-cancer death events, (n) 24 16
Nove
mber 2020 | Volum
Data are presented as mean ± standard deviation, unless stated otherwise. BMI, body
mass index; HDL-C, high density lipoprotein cholesterol; TG, triglyceride; MVPA,
moderate to vigorous physical activity in leisure.
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Two different families of regression models in the presence of
competing risk factors were applied. The Cox model described
the effect of covariates on the cause-specific hazard of the
outcome, and the Fine and Gray model addressed the
subdistribution hazard function. Both models accounted for
the presence of competing risk, but required different
interpretation. The regression coefficient of a cause-specific
hazard model (CSH) presented the relative effect of a specific
covariate on the relative change in the rate of occurrence of the
event of interest in the subjects who were currently event-free.
The subdistribution hazard ratio model (SHR) made it possible
to estimate the effect of covariates on the cumulative incidence
function for the event of interest. With a view to ensuring
numerical stability, all continuous variables were centred and
scaled. All regression models, both unadjusted and adjusted for
any identified confounders, i.e., age, smoking status categorized
as current and non-current smoker (never and former smoker),
and a history of diabetes, were stratified by sex. The results of
each model estimation are presented as hazard ratios (HR) with
95% confidence interval (95% CI). All statistical analyses were
completed with the aid of R version 3.5.3 software package.

Sensitivity Analysis
A sensitivity analysis was carried out for the associations of
analyzed covariates with cancer death and non-cancer death. The
three different Cox models with the same set of predictors were
estimated for each covariate. For the study model, independence
of events was assumed. Cancer death was treated as an event,
whereas an occurrence of a competing event (non-cancer death)
was treated as the censored observation. In the extremal model 1,
the event of interest (cancer death) and a competing event (non-
cancer death) were treated equally, and modelled simultaneously.
In the extremal model 2 cancer death was treated as an event of
interest, while the individuals in whom the competing event
occurred, were attributed the longest period of observation
within the group, and treated as the censored observations (18).
RESULTS

Table 2 shows the hazard ratios for cancer and non-cancer death
for each of the analyzed factors, both without and with
adjustment for age, smoking status, and a history of diabetes.
Both statistical methods, CSH and SHR, produce comparable
results in terms of HRs estimations. Age and smoking status
treated as independent factors indicated strong associations with
an increased risk of cancer death. The risk of cancer death
doubled with the incrementally increasing age of 5.5 years in
men, and 5.3 years in women (2.16, 1.51–3.09). Similarly, the risk
of cancer death in current smokers was more than two-fold, as
compared to the never and former smokers (2.39, 1.31–4.37).
Diabetes showed a moderate association with an increased risk of
cancer death (2.16, 0.85–5.46). An increase in the MVPA in
leisure of 52.8 min per week in men, and 41.6 min per week in
women, proved to reduce the risk of cancer mortality (0.63, 0.38–
1.06). After adjustment, MVPA in leisure still showed the
Frontiers in Oncology | www.frontiersin.org 4
association with decreased risk of cancer death. A history of
cancer in the family, however, increased the risk of cancer
mortality by 1.5 times.

Age and smoking status were also associated with non-cancer
death. An increase in the age equivalent to 1 SD increased the
risk of non-cancer death by 1.3 times (1.33, 0.96–1.84). Current
smokers had a two-fold higher risk of death from non-cancer
causes than never and former smokers (1.93, 0.98–3.80). History
of diabetes increased the risk of non-cancer death more than
twice. Strong associations of adiposity markers with non-cancer
mortality were noted. Out of all above-referenced indicators,
those appeared strong predictors of death. In both sexes, an
increase of systolic and diastolic blood pressure equal to 1 SD
proved to increase the risk of death by 1.5 and 1.4 times,
respectively. Upper level of education and living in a
relationship reduced the risk of non-cancer death. Similarly, an
increase of MVPA by 1 SD (52.8 min/week in men and 41.6 min/
week in women) was associated with a 60% risk reduction of
non-cancer death. The values of hazard ratios for cancer and
non-cancer death were comparable after adjustment for age,
smoking status, and a history of diabetes. Occupational activity
was shown to reduce the risk of cancer and non-cancer death by
60%. The above-referenced association is likely to result from the
fact that occupational activity is more common amongst the
younger persons, thus indicating the age to be the main risk
factor for both cancer and non-cancer death.

Based on the sensitivity analysis (Figure 1), smoking status
was the only factor which did not meet the assumption of
independence of the outcomes under study (cancer death and
non-cancer death). It follows that with regard to this variable
there would be an appreciable risk of misinterpretation of its
impact on cancer death, should non-cancer death be construed
as an independent event. Similar values for the study model and
extremal model 2 estimates give grounds to believe that among
the current smokers, non-cancer death was more likely to affect
the individuals not at risk of cancer death. It should nevertheless
be borne in mind, that these are the maximum possible ranges
for this parameter, not the actual. Furthermore, the method
applied comprised the estimates points only, while altogether
dismissing the estimation errors. In the case of other factors, the
HRs of study models were located within the intervals
determined by the HRs of the extreme models, or were equal
to the values of extreme deviations.
DISCUSSION

In order to assess the real impact of a specific risk factor, e.g.,
tobacco smoking, on the incidence of an event under study, i.e.,
lung cancer death, a time-machine would come very handy, let
alone the need to have a number of ethical rules broken. Under
such perfect conditions, a select group of individuals should then
be forced to smoke tobacco for 10 years, so that in due course an
incidence of an event of interest might be assessed. Then, we
would need to have the time-machine go back in time with the
same group of individuals aboard, have smoking tobacco strictly
November 2020 | Volume 10 | Article 545078
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banned, and then have the event of interest re-assed after 10
years. Fortunately enough, applicable laws of physics are not
subject to any voluntary suspension, nor are any bioethics
committees inclined to go along with such an unorthodox
study design, even though these are not the only restrictions to
be dealt with.

Assessing the actual impact of a specific risk factor on the
incidence of a health event is often challenging, as the same
risk factors are appreciably instrumental in the incidence of
discrepant health events which also happen to compete with each
other. Tobacco smoking is both a risk factor for fatal and non-
fatal CVDs, as well as for fatal and non-fatal cancers (10).
Consequently, a death of a tobacco smoker from a heart attack
would automatically preclude him from dying of lung cancer
(14). This does not mean, however, that until the time of death
from a heart attack, a tobacco smoker had not been exposed to
the risk of dying from lung cancer. Assessment of the risk of
death from lung cancer in tobacco smokers without taking into
account a competing event (e.g., myocardial infarction death)
Frontiers in Oncology | www.frontiersin.org 5
should rather be construed as the risk of death in tobacco
smokers who have not previously experienced a competing
event, nor have yet experienced an event of interest (16).

This said, if the main aim of the analysis consists in assessing
the actual impact of the variable under study on the duration,
then making use of the Cox proportional hazard model is the
right thing to do. On the other hand, by taking advantage of the
fact that the Cox models maintain the assumption of
independence of censoring and of the event under
investigation, it is feasible to estimate the actual impact of the
predictors on each one of the events under investigation
separately, against their modelling. A modification of the Cox
model for competing events is offered by the Lunn-McNeil
model, which allows for modelling the events under study
within a single model (18). This model provides the same
estimates as the separate Cox models, but at the same time it
does fall outside the actual scope of the present study.

Making use of the PONS study cohort, the association of
select, lifestyle-related factors with cancer-specific and non-
TABLE 2 | Hazard ratios with 95% confidence interval for cancer and non-cancer deaths, without and with adjustment for baseline levels of potential confounders and
mediators.

Level of adjustment Cause-Specific Hazard Model Subdistribution Hazard Model

Cancer death Non-cancer death Cancer death Non-cancer death

Education 1.56 (0.61–3.95) 0.38 (0.20–0.73) 1.57 (0.62–4.01) 0.38 (0.20–0.72)
+ basic adjustment 1.79 (0.71–4.55) 0.42 (0.22–0.80) 1.80 (0.70–4.61) 0.41 (0.21–0.80)
Marital status 0.60 (0.32–1.12) 0.60 (0.29–1.23) 0.60 (0.32–1.13) 0.60 (0.28–1.27)
+ basic adjustment 0.73 (0.38–1.39) 0.67 (0.32–1.38) 0.73 (0.38–1.41) 0.67 (0.32–1.39)
Professional activity 0.37 (0.20–0.67) 0.37 (0.19–0.71) 0.37 (0.20–0.69) 0.37 (0.20–0.70)
+ basic adjustment 0.70 (0.35–1.39) 0.41 (0.20–0.86) 0.70 (0.36–1.38) 0.42 (0.20–0.86)
BMI 0.96 (0.71–1.29) 1.42 (1.06–1.90) 0.95 (0.70–1.30) 1.42 (1.04–1.95)
+ basic adjustment 0.89 (0.66–1.22) 1.39 (1.03–1.88) 0.89 (0.64–1.24) 1.39 (1.02–1.91)
Waist circumference 0.98 (0.71–1.36) 1.54 (1.11–2.14) 0.98 (0.69–1.38) 1.54 (1.08–2.19)
+ basic adjustment 0.86 (0.61–1.21) 1.46 (1.05–2.05) 0.86 (0.60–1.23) 1.46 (1.03–2.09)
Waist-to-hip ratio 1.00 (0.69–1.45) 1.48 (1.01–2.18) 0.99 (0.71–1.39) 1.48 (1.09–2.02)
+ basic adjustment 0.80 (0.54–1.18) 1.35 (0.90–2.02) 0.80 (0.56–1.14) 1.35 (0.96–1.91)
Waist-to-height ratio 1.04 (0.77–1.39) 1.59 (1.18–2.13) 1.03 (0.77–1.39) 1.59 (1.14–2.20)
+ basic adjustment 0.87 (0.64–1.20) 1.51 (1.11–2.06) 0.87 (0.63–1.21) 1.51 (1.08–2.11)
Systolic blood pressure 1.08 (0.82–1.44) 1.53 (1.16–2.02) 1.08 (0.84–1.39) 1.53 (1.17–2.00)
+ basic adjustment 0.98 (0.73–1.31) 1.45 (1.10–1.92) 0.98 (0.75–1.27) 1.45 (1.12–1.88)
Diastolic blood pressure 1.16 (0.87–1.54) 1.43 (1.08–1.91) 1.15 (0.86–1.56) 1.43 (1.10–1.87)
+ basic adjustment 1.22 (0.93–1.62) 1.44 (1.09–1.89) 1.22 (0.91–1.63) 1.44 (1.12–1.85)
Glucose 1.12 (0.92–1.37) 1.11 (0.89–1.38) 1.12 (1.02–1.23) 1.11 (0.91–1.35)
+ basic adjustment 0.99 (0.76–1.30) 1.00 (0.76–1.32) 1.05 (0.94–1.17) 1.08 (0.87–1.34)
Total cholesterol 1.12 (0.85–1.49) 1.10 (0.81–1.49) 1.12 (0.85–1.48) 1.10 (0.84–1.43)
+ basic adjustment 1.16 (0.88–1.53) 1.14 (0.84–1.54) 1.16 (0.88–1.51) 1.14 (0.87–1.49)
HDL-C 1.12 (0.84–1.51) 0.93 (0.65–1.32) 1.12 (0.84–1.49) 0.93 (0.64–1.36)
+ basic adjustment 1.24 (0.92–1.66) 0.99 (0.70–1.41) 1.23 (0.92–1.64) 0.99 (0.68–1.43)
TG 1.08 (0.83–1.39) 1.12 (0.89–1.42) 1.07 (0.85–1.36) 1.12 (0.90–1.40)
+ basic adjustment 1.04 (0.80–1.36) 1.10 (0.86–1.40) 1.52 (1.19–1.94) 1.10 (0.88–1.37)
Alcochol intake 1.00 (1.00–1.01) 1.00 (1.00–1.00) 1.00 (1.00–1.00) 1.00 (1.00–1.00)
+ basic adjustment 1.00 (1.00–1.01) 1.00 (1.00–1.00) 1.00 (1.00–1.00) 1.00 (1.00–1.00)
Red meat intake 1.08 (0.82–1.43) 0.84 (0.60–1.16) 1.08 (0.82–1.42) 0.84 (0.59–1.18)
+ basic adjustment 1.13 (0.85–1.49) 0.84 (0.61–1.17) 1.12 (0.85–1.48) 0.84 (0.60–1.19)
Familial cancer 1.56 (0.88–2.76) 1.07 (0.56–2.02) 1.56 (0.88–2.76) 1.07 (0.57–2.01)
+ basic adjustment 1.50 (0.84–2.66) 1.06 (0.56–2.01) 1.50 (0.85–2.67) 1.06 (0.56–1.99)
MVPA 0.63 (0.38–1.06) 0.37 (0.16–0.88) 0.63 (0.40–1.01) 0.37 (0.18–0.77)
+ basic adjustment 0.72 (0.43–1.20) 0.41 (0.17–0.96) 0.72 (0.46–1.14) 0.41 (0.20–0.84)
November 2020 | Volume
Basic adjustment comprises age, smoking status categorised as non-smoker (never smoker and former smoker) and smoker (current smoker), and a history of diabetes, and is stratified by
sex. The assumed reference categories for categorical variables: lower level of education, living single, occupationally inactive, non-smoker, negative history of diabetes, absence of familial
cancer, and absence of comorbidities. BMI, body mass index; HDL-C, high density lipoprotein cholesterol; TG, triglyceride; MVPA, moderate to vigorous physical activity in leisure.
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cancer-specific mortality was assessed. Considering that the same
lifestyle-related factors, e.g., obesity, smoking, alcohol, dietary
intake of red meat, and low level physical activity, are the
acknowledged risk factors for both cancer and non-cancer
death (e.g., fatal CVDs), making use of the statistical methods
which take due account of the competing risks has deliberately
been opted for (8, 9). To this end, two statistical methods were
applied, i.e., CSH and SHR, which make it possible to pursue the
analyses which take into account the presence of more than one
end-event. Both these methods boast specific analytical potential,
but are also burdened with certain limitations in their
application. In general, the CSH method is recommended for
etiological studies which aim to establish a causal link between
the risk factors and the respective outcomes. To this end, a
hazard ratio is calculated to estimate the actual magnitude of the
effect under study. The SHR method is used in predictive studies,
with a view to assessing the probability of a specific outcome, at a
specific time, for a specific case. When interpreting the results
obtained with the aid of the CSH method, it should be borne in
mind that the competing events are treated as the censored
observations. Consequently, the number of at-risk-cases
decreases throughout the observation period. The estimated
hazard ratio is interpreted among those cases which neither
have experienced an event of interest, nor a competing event as
yet (16). Regarding the SHR method, the cases which have
experienced a competing event are not censored, and remain
within the data set as the ones not actually at risk of the event of
interest. It follows that sub-distribution hazard ratio should not
be interpreted in the same way as the hazard ratio. For prediction
purposes, the SHR is only used as part of the calculation of an
individual patient’s risk (15). Having juxtaposed potential
Frontiers in Oncology | www.frontiersin.org 6
advantages and disadvantages of both approaches, specific
indications for their application were worked out, in due
consideration of the actual study design.

Age, smoking status, and a family history of cancer were
believed the leading risk factors for cancer-specific mortality.
Likewise, the risk of non-cancer death was higher in the elderly
and smokers. Overall obesity and the distribution of adipose tissue,
as well as elevated systolic and diastolic blood pressure, were
strongly associated with non-cancer mortality. MVPA in leisure
time, and occupational activity were believed to be appreciably
instrumental in reducing overall risk of all-cause mortality. The
unadjusted hazard ratios (0.37), and adjusted (0.70) for the
association of occupational activity and cancer death indicated
there was a confounder factor. The age co-variable present in the
adjusted model significantly increased (2.07, 1.37-3.12) the risk of
cancer death, while at the same time modifying the association
between occupational activity and cancer death. Significance of the
age variable as a confounding factor was not encountered in the
analyses of the association between occupational activity and non-
cancer death, though. Obesity is strongly associated with fatal and
non-fatal cardiovascular events (23). Nevertheless, some of the
studies indicate obesity to be correlated with the incidence of
cancer and resultant mortality (24, 25).

The impact of age on overall, and cancer-specific mortality
seems to be fairly obvious. The highest incidence of cancer is
noted in the sixth decade of life. According to Eguchi et al. (26)
2/3 of lung cancer cases affect patients aged 65 and above, whereas
half of them is older than 75 years. The investigators emphasize that
cancer-specific and non-cancer-specific mortality is similar in the
elderly. De Glas et al. (27) established that non-cancer mortality was
more common in women over 75, diagnosed with breast cancer.
FIGURE 1 | Sensitivity analysis based on the unadjusted, cause-specific hazard models. HR*, hazard ratios based on the extremal model 1(cancer death and non-
cancer death were treated equally and modeling simultaneously); HR, hazard ratios based on the study model(cancer death was treated as an event, non-cancer
death was treated as censored observation); HR**, hazard ratios based on the extremal model 2 (cancer death was treated as an event, individuals in whom the
non-cancer death occurred were attributed the longest duration observed in the group and treated as censored observations). BMI, body mass index; HDL-C, high
density lipoprotein cholesterol; TG, triglyceride; MVPA, moderate to vigorous physical activity in leisure.
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Both analyses were carried out taking into account the competing
risk method. Detrimental effects of tobacco smoking do not require
any clarification whatsoever, as all studies clearly highlight its
adverse impact on individual health, as well as underpin its
associations with cancer and non-cancer death (28, 29). Most of
the studies argue that regular physical activity, especially moderate
to vigorous physical activity in leisure, as recommended by WHO,
appreciably reduced the risk of cancer and non-cancer death (30–
35). Appraisal of entire sets of lifestyle-related, social, behavioral, or
environmental factors remains common practice in epidemiological
studies. Not only are the studies focused on assessing their
respective impact on individual adverse outcomes but also
designed to assess the impact of specific clusters of risk factors,
which seems far more functional in biological terms (24, 36–38).

Most of the lifestyle-related factors, as assessed in our study, may
be modified through individual motivation to have a more health-
promoting attitude adopted in daily living (39). It is well-worth
highlighting at this juncture that modification of one risk factor
consequently becomes instrumental in having the remaining risk
factors modified accordingly. For instance, moderate to vigorous
physical activity in leisure, as recommended by WHO, usually
results in the reduction of excessive adipose tissue, enhanced
complete blood count, as well as in lowering the blood pressure
(40, 41). We are fully aware that the above-referenced risk factors
and their impact on overall or cause-specific mortality are widely
acknowledged, but a true technological challenge consists in
appraising their actual magnitude.

On the other hand, we strongly believe that geographical,
cultural, and political differences shaping health-promoting
attitudes within a society are well-worth highlighting. Political
transformation of Central and Eastern European Countries over
the past 30 years has brought about profound, mostly adverse social
changes, including the emergence of a consumer society. The issue
of obesity, steadily on the rise, notably absent in the countries under
the communist rule, has spawned an increased incidence of the so
called lifestyle diseases, mostly cardiovascular disorders and cancer
(42, 43). Obviously enough, much reduced individual involvement
in physical activity, partly resultant from general availability of mass
transportation, merely exacerbated this phenomenon still further. It
is our belief that shaping and/or raising general awareness of a
potential for pursuing a healthy lifestyle is altogether different from
merely embracing such attitudes. Studies clearly indicate that
pursuit of a healthy lifestyle is characteristic of affluent societies of
political stability and high material comfort (44–47).

One of the study limitations consists in a relatively short follow-
up period, corresponding to a relatively low number of cancer- and
non-cancer-specific deaths. In pursuance of the Act on Personal
Data Protection (GDPR), the authors did not have access to the
medical records on the non-cancer causes of death. This is a true
limitation of the study, although diligently taken into account, when
interpreting and discussing its outcomes. Even though overall
nature of the lifestyle-related factors might well seem indicative of
a strong likelihood of a cardiovascular cause of death, this cannot be
confirmed beyond reasonable doubt, as specific cause of death may
not be freely accessed. The data regarding select risk factors (e.g.,
smoking status, level of physical activity, a family history of cancer
Frontiers in Oncology | www.frontiersin.org 7
and diabetes) were based upon the respondents’ questionnaires
only, hence appreciable potential for certain inaccuracies in the
conclusions drawn on the associations under study. The PONS
cohort was selected through the deliberate sampling, within the 45–
64 years age range constraints. The fact that no random sampling
was used may indeed be deemed a certain limitation in generalising
the outcomes of the present investigation, or as burdened with
specific age limit constraints with regard to the population
under study.
CONCLUSION

Age and smoking strongly affect the risk of either cancer- or non-
cancer-specific mortality. Overall content and distribution of
adipose tissue, as well as arterial hypertension, were associated
with non-cancer-specific mortality. Regular physical activity of
moderate or vigorous intensity decreased the risk of death caused
by cancer and non-cancer causes. All of the lifestyle-related risk
factors, deemed instrumental in increasing overall and cause-
specific mortality, are modifiable. Systemic implementation of
specific methods aimed at their effective control appears essential
in terms of public health interest, and should therefore be
prioritized, when mapping out preventive initiatives targeted at
the high-risk groups.
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