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Abstract
Background: This is a systematic assessment of the burden of cancers in Malaysia in 2018 using epidemiologic
approach. The purpose of this study was to identify the proportion of cancers in Malaysia that were attributable to
the modifiable risk factors of excess weight, alcohol intake, physical inactivity, tobacco smoking and to estimate the
number of cancer cases that could be prevented if the exposure to the modifiable risk factor was reduced.
Methods: We estimated the Population Attributable Fraction (PAF) of the modifiable risk factors to cancers
incidences in Malaysia. The two parameters used for the estimation were exposure prevalence from national
representative surveys and the relative risk of getting the cancers from worldwide literature review.
Results: Among 38,426 cancer incidences in 2018 from Globocan data, we estimated that 22.2% (95% confidence
interval (CI):14.9 to 29.6%) of the cancer incidences included in this study were attributable to the investigated
modifiable risk factors. 39.1% (95% CI:27.2 to 49.7%) and 10.5% (95% CI:5.8 to 15.7%) of cancers in male and female
respectively, were attributable to the studied modifiable risk factors. The top main cancers attributed by the risk
factors were lung cancer (65.1%; 95% CI:56.4 to 72.9%), laryngeal cancer (63.6%; 95% CI:39.9 to 80.5%), and
oesophageal cancer (51.5%; 95% CI:39.9 to 62.0%). For each risk factor studied across genders, tobacco smoking
contributed the most (14.3%; 95% CI:9.9 to 17.3%), followed by excess weight (7.0%; 95% CI:4.1 to 10.2%), physical
inactivity (1.0%; 95% CI:0.4 to 1.7%) and alcohol intake (0.6%; 95% CI:0.2 to 1.0%).
Conclusion: Findings from this study suggests that tobacco smoking and excess weight are the two predominant
factors out of the four studied risk factors for cancer cases in Malaysia. Nationwide public health prevention
campaigns tailored to these risk factors are recommended. However, the other risk factors such as physical
inactivity and alcohol intake shall not be neglected. PAFs are estimated based on the best available data that we
have currently. Regular collection of other risk factor exposure prevalence data is vital for future analyses.
Keywords: Population attributable fraction, Modifiable risk factor, Burden, Cancer, Tobacco smoking, Excess weight,
Alcohol intake, Physical inactivity, Malaysia
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Background
The incidence of cancer has been increasing over the
years and the battle to reduce this disease burden has
been ongoing for decades. In fact, cancer is the second
leading cause of death globally and an estimated 9.6 million deaths in 2018 was due to cancer. The World
Health Organization (WHO) shared that currently, there
are 24.6 million people living with cancer, and by 2020 it
is projected that there will be 16 million new cancer
cases and 10 million cancer deaths yearly [1]. Unfortunately, from these massive estimates, around 70% of
deaths due to cancer occur in low- and middle-income
countries.
In Malaysia, numerous efforts have been emphasized
in the National Cancer Control Programme to combat
this healthcare crisis, which mainly directed at prevention, early detection, improved treatment and palliative
care. Prevention approach can be cost-effective and can
be introduced at an individual level. According to the
World Health Organization (WHO), between 30 and
50% of cancers can currently be prevented by avoiding
risk factors and implementing existing evidence-based
prevention strategies [1]. In order for prevention approaches to be successful, we have to identify the magnitude of potential risk factors that could attribute to
cancer incidences. The cause for cancers can be multifactorial. Some of the risk factors can be avoided by
modifying lifestyles and reducing exposures. In regards
to this, tobacco use, alcohol use, excess weight, and
physical inactivity are recognized as major cancer risk
factors worldwide. These are also the shared risk factors
for other non-communicable diseases [2].
From the epidemiological point of view, the quantification of the burden of cancer due to risk factors can be
estimated by the Population Attributable Fraction (PAF)
approach. This concept was first proposed by Levin in
1953, using standard formulae incorporating exposure
prevalence to the risk factors and its respective relative
risk data [3]. PAF estimate is interpreted as the proportion
of cases that could have been prevented if the exposure to
risk factors is reduced to the ideal reference level [4–6]
Globally, there are a number of studies that have
looked into the burden of cancer using the PAF approach. Most of the studies were done in high-income
countries owing to the extensive availability of health expenditure data. Assessment of risk factors attributed to
cancers that have been conducted include smoking [7],
body mass index [8–10], alcohol [11], physical inactivity
[12]. There were a number of papers that look into multiple cancer sites and risk factors, and the magnitudes
can differ across countries [13–17].
In Malaysia, potential reductions in colorectal cancer
cases attributable to the modifiable risk factors (alcohol,
physical inactivity and overweight) have been published
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in 2017 [18]. From this study, it was highlighted that
18% of colorectal cancer cases in Malaysia could have
been prevented through preventive measures. Nevertheless, this study only focused on the incidences of colorectal cancer attributed by individual and combined risk
factors of overweight, physical inactivity and alcohol intake. To our knowledge, there are no established studies
in Malaysia on the burden of different types of cancer
due to different risk factors from epidemiological approach. Therefore, this present study aims to identify the
proportion of cancers in Malaysia that are attributable to
selected modifiable risk factors, and to estimate the
number of cancer cases that could be prevented if the
exposure to the modifiable risk factor is reduced.
The values obtained from this study would be particularly useful for public health experts to prioritise the prevention approach at national level. Furthermore, the
findings from this study could contribute to the 5-year
planning of the Malaysia National Cancer Control
Programme in 2021.

Methods
The methodological framework used in this study was
adopted from The Canadian Population Attributable
Risk of Cancer project [19]. Under this framework,
Population Attributable Fraction (PAF) of the modifiable
risk factors to cancers incidences in Malaysia was estimated. The two parameters used for the estimation of
PAF were exposure prevalence to selected risk factors
and the relative risk (RR) of getting the cancers given
the exposure.
Selection and exposure prevalence of risk factors

The selection of risk factors was determined based on
convincing evidence from global wide meta-analysis.
The risk factors chosen for this study were overweight
and obesity, alcohol intake, physical inactivity and tobacco smoking. The decision for risk factors was largely
driven by the availability of prevalence data for Malaysian population. There were other convincing modifiable
risk factors (such as dietary and infection) that could not
be included in the analysis due to lacking of related exposure prevalence data. There were a few assumptions
taken for the selection of risk factors, such as below:
1) The relationship between the risk factors and
cancers was either convincing or probable based on
the International Agency for Research on Cancer
(IARC) and World Cancer Research Fund (WCRF)
report [20, 21].
2) Latency period of approximately 12 years was
assumed between exposure to risk factors and
cancer occurrence.
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3) The effects of risk factors on each cancer were
independent from each other.
Exposure prevalence was taken from National Health
and Morbidity Survey 2006 (NHMS 2006) [22]. This survey was a national household survey conducted once
every 10 years to look at health status and risk factors
for non-communicable diseases (NCD) in Malaysia. It
involved 10,000 living quarters that were randomly selected nationwide and approximately 40,000 respondents
were interviewed using standard questionnaire. Individuals were considered overweight if their body mass
index (BMI) was between 25 kg/m2 and 29.99 kg/m2 and
obese if their body mass index was 30 kg/m2 or greater.
Physical inactivity was defined as having a total physical
level (occupational plus recreational) of less than 600
metabolic equivalents-minutes per week. Alcohol intake
in this study was taken as current drinker, which was defined as those who still consumed alcohol for the past 1
month prior to the NHMS survey. Tobacco smoking
prevalence was taken as those who were current smoker
and former smoker. The multi-level categorical exposure
data available for this analysis were sex-specific but not
age-specific.
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included in the analysis of this current study, based on
its established causal relationship to the risk factors selected and also the availability of incidence data. Those
cancers were oesophageal, pancreas, liver, colorectal,
breast, endometrial, kidney, oral cavity, nasopharynx, larynx, stomach, gallbladder, bladder, ovary, prostate, cervix, lung, Non-Hodgkin’s lymphoma, Hodgkin’s
lymphoma, leukaemia and multiple myeloma.
Calculation of PAF

Individual PAFs were calculated for each risk factor for
each cancer type based on Eq. 1. Overweight and obesity
were regarded as a trichotomous exposure level to excess body weight as 3 categories of exposure were involved: normal body weight, overweight and obesity.
Tobacco smoking was also regarded as a trichotomous
exposure level based on 3 categories of exposure involved: non-smoker, current smoker and former smoker.
Combined PAFs were then calculated using Eq. 2 for
each cancer type. In this study, the maximum risk factors included in the analysis can be four types (excess
weight, alcohol intake, physical inactivity and tobacco
smoking). Where relevance for the cancer types based
on causal evidences from WCRF, less than four risks factors can be included for analysis.

Relative risk (RR) to cancers

RRs to selected risk factors (overweight and obesity,
physical inactivity, alcohol intake and tobacco smoking)
were obtained from literature review. Meta-analyses of
cohort studies were preferred, followed by meta-analyses
of case-control studies. RRs were selected based on compatibility with the exposure prevalence data and sexspecific RRs were used where available. The references
for meta-analysis used for each risk factors were in the
additional file. The reference category used in the RR
sources of alcohol intake and tobacco smoking was ‘unexposed’ to the risk factors. For physical activity, exposure prevalence was calculated as deficit against the
reference category in the RR source (600 metabolic
equivalent [MET]-minutes per week). For body mass
index, the reference category used was the normal
weight (< 25 kg/m2).
RR was provided for the presence of physical activity,
therefore, conversion of relative risk due to physical inactivity was calculated as the natural logarithm of the reciprocal of the RR (ln(1/RR)) [23].

PAF estimation based on a single risk factor

Individual PAF due to single risk factor was calculated
by the following formulae [3, 13].
Individual PAF ¼

½P1 ðERR1 Þ þ P2 ðERR2 Þ:: þ Pn ðERRn Þ
½P1 ðERR1 Þ þ P2 ðERR2 Þ:: þ Pn ðERRn Þ þ 1

ð1Þ

Where, P = Prevalence of exposure level 1 (and so on)
in the population.
ERR = Excess relative risk at exposure level 1 (and so
on), ERR = RR-1.
PAF estimation based on multiple risk factors

In this present study, we calculated PAFs for all risk factors combined using eq. 2. This aggregation formulae
did not account for the synergistic effect of different risk
factors on the cancer risk.
PAFcombined ¼ 1‐ð1‐PAFA Þ  ð1‐PAFb Þ
 ð1‐PAFc Þ  ð1‐PAFd Þ

ð2Þ

Cancer incidence data

Cancer incidences in Malaysia for year 2018 were obtained from Global Cancer Observatory (Globocan) analysis [24]. This platform provided most recent data in
relation to cancer incidences in Malaysia in 2018. The
incidence data used were not based on subtypes or morphological types. A total of 21 types of cancer were

Estimation of Cancer incidences attributable to
modifiable risk factors

We estimated the number of cancer cases attributable to
the modifiable risk factor(s) by applying the calculated
combined PAFs to the cancer incidences obtained from
Globocan 2018. Overall PAF for all cancers was
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determined by summing the calculated preventable incidences of each cancers and dividing by all cancer incidences investigated in this study for the year 2018.
Sensitivity analyses were conducted using the upper and
lower confidence intervals of the exposure prevalence
data and RRs to calculate the highest- and lowestpossible PAFs.

Results
The exposure prevalence data extracted from National
Health and Morbidity Survey 2006 (NHMS 2006) was
summarized in Table S1, Additional File. Sex-specific
cancer incidences extracted from Globocan 2018 were
summarized in Table S2, Additional File. The relative
risk data extracted from meta-analysis was summarized
in Table S3, Additional File.
Based on Globocan data in 2018, the top 10 cancers
among Malaysia population were breast, colorectal, lung,
nasopharynx, liver, prostate, non-Hodgkin lymphoma,
leukaemia, cervix uteri and stomach (Fig. 1).
Approximately one in four (22.2%; 95% CI:14.9 to
29.6%) cancer incidences included in this study were attributable to the four modifiable risk factors. Looking at
risk factors across both sexes, 14.3% (95% CI: 9.9 to
17.3%) of the incidence among the selected cancer types
were attributed by smoking (Fig. 2). For the other three
factors, the overall PAFs were below 10 %. In general,
males have higher PAF for all risk factors than females.
Among the four risk factors (Table 1), tobacco smoking
contributed the largest proportion of attributable cases
(33.6% in male and 1.2% in female). Interestingly, excess
weight was a more predominant risk factor for cancer
incidences in female. A total of 1652 cancer incidences
could have been avoided among females compared to
979 avoidable cases in males if body mass index was reduced. PAF for physical inactivity was also higher in female (1.3%; 95% CI:0.4 to 2.2%) than in male (0.7%; 95%
CI:0.3 to 1.0%). For the alcohol intake, PAFs for both
sexes were generally low, which were less than 2 %.
Summary results for individual PAF for each risk factors based on cancer sites and its preventable cases were
reported in Table S4 and S5 in Additional File. It was
worth noting that PAF due to smoking varied greatly,
ranging from the least magnitude of 0.9% (ovary cancer)
to the largest magnitude of 65.1% (lung cancer). The
variation reflected a difference in the relative risk across
cancers.
Combined PAFs were also different across sexes for all
cancers studied here (Table S6 Additional File). Higher
combined PAF in males (39.1%; 95% CI: 27.2 to 49.7%)
than in females (10.5%; 95% CI:5.8 to 15.7%). Cancers
associated with tobacco smoking showed relatively larger
PAFs. The cancers that were greatly attributed by alljoint modifiable risk factors were depicted in Fig. 3: lung
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(65.1%; 95% CI:56.4 to 72.9%), larynx (63.6%; 95% CI:
39.9 to 80.5%), oesophageal (51.5%; 95% CI:39.9 to
62.0%), oral cavity (36.2%; 95% CI:22.4 to 49.6%), stomach (31.7%; 95% CI:18.4 to 44.2%), bladder (30.5%; 95%
CI:23.3 to 37.8%), liver (27.1%; 95% CI:15.2 to 38.8%),
endometrial (26.8%; 95% CI:21.1 to 31.8%), kidney
(25.3%; 95% CI:20.0 to 31.0%), pancreas (24.4%; 95% CI:
14.1 to 34.8%), nasopharynx (19.1%; 95% CI:6.5 to
32.9%), colorectal (18.5%; 95% CI:10.0 to 27.6%), leukaemia (14.4%; 95% CI:6.3 to 23.2%) and the others (less
than 10%). This analysis observed Malaysia had a lower
overall PAF than other countries as we only included
four modifiable risk factors in the study. The comparison with other countries was summarized in Table 2.

Discussion
This is the first study in Malaysia that summarized the
burden of cancer attributed to selected modifiable risk
factors. Our study estimated that approximately onefourth of overall cancers studied in this paper were potentially preventable by adjusting one of the four risk
factors (excess weight, alcohol intake, physical inactivity
and smoking).
Variation by cancer types and gender

Out of the 21 types of cancers studied in this paper, only
colorectal cancer was attributed by joint effects of all 4
types of modifiable risk factors (Table S2). Although
breast cancers and colorectal cancers were the top cancers affecting Malaysian population, the estimated PAFs
were lower (less than 20%). Notably, PAFs estimates
would be higher if the risk factors were either those with
high exposure prevalence among the population, those
with strong causal relationship with the associated cancers (high relative risks) or a combination of both. From
the paper by Krueger et al. [30] that studied the same
four risk factors for 2013 cancer incidences in Canada,
the combined PAF for breast cancers and colorectal cancers were 21.8 and 50.6% respectively. This very much
higher PAF reflected variation in exposure prevalence
and relative risk to the risk factors among Canadian
[27]. For studies conducted among Asian population, combined PAFs were higher for colorectal and breast cancer
due to incorporation of more risk factors in the analysis,
such as dietary intake, exogenous hormone use, reproductive factor, occupational and environmental agents. The
combined PAFs ranged from 10.5–26.1% for breast cancer
and 8.7–33.6% for colorectal cancers [15, 26, 29]. This suggested that further studies related to more additional risk
factors can be conducted to investigate the underlying
modifiable risk factors in Malaysia.
Gender-specific social behaviours such as tobacco
smoking and alcohol intake might explain the difference
in overall PAF by sexes. This trend was similar in any
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Fig. 1 Estimated number of incident cases in Malaysia in 2018 from Globocan. (a) Both sexes, (b) in males and (c) in females. Source:IARC
Globocan 2018(https://gco.iarc.fr/)
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Fig. 2 Summary of PAF by types of modifiable risk factors in male, female and persons

other countries in the United Kingdom, where men generally had higher relative risks and also exposure prevalence
[13]. In China, discrepancies in cancer-specific PAF between male (combined PAF = 65.9%) and female (combined PAF = 42.8%) were also explained by the difference
frequency of exposure to important risk factors, such as
smoking, alcohol drinking and chronic infection [26].

Variation by risk factors

Out of the 4 modifiable risk factors chosen for the study,
more of the included cancers were associated with excess weight and smoking, compared to alcohol intake
and physical inactivity. Specifically, physical inactivity
only increased the risk of two types of cancers in this
study (colorectal and breast). Looking at cancer types,
this study showed that lung cancer, laryngeal cancer and
oesophageal cancer had the highest proportion of potentially avoidable cases. The risk factor associated with
these top three estimates was largely by tobacco smoking. This finding was consistent with the fractions of
cancer reported by a global review done in 2016, in

which more than half of the lung and laryngeal cancer
were attributed by smoking [4].
Consistently, tobacco smoking was identified as the
major risk factor across the continents, with magnitudes
range from 13.3 to 23.9% (13,15,16,26– [25]. From our
study, tobacco smoking contributed largely with 14.7%
reported PAF for all cancers studied here. This figure
was half of the burden of cancer PAF estimate done in
Association of Southeast Asian Nations (ASEAN) countries in 2016, with a reported average value of 28.4% [7].
The difference in the PAF values was due to the selection of the denominator used in the PAF calculation.
The ASEAN study only looked into the effect of tobacco
smoking alone, therefore, the PAF was calculated using
smoking attributable cancer incidences. Our study
looked into multiple risk factors on burden of cancer
and all 21 cancer incidences were taken into calculation.
The high estimate of our country PAF on tobacco smoking was mainly contributed by the high prevalence
among males’ population (46.4% prevalence in men and
1.6% in women). In other countries, prevalence of tobacco smoking was relatively similar among males and

Table 1 Individual PAFs attributable to excess weight, alcohol intake, tobacco smoking and physical inactivity in Malaysia in 2018
Exposure Category

Attribution to Cancer Incidence in 2018
Males

Females

Persons

PAF, % (95%
CI)

Number, N (95%
CI)

PAF, % (95%
CI)

Number, N (95%
CI)

PAF, % (95%
CI)

Number, N (95%
CI)

BMI (over weight and obesity)

5.5(2.7–8.8)

979 (472–1561)

7.9 (4.8–11.3)

1652 (990–2349)

7.0 (4.1–10.2)

2684 (1568–3905)

Alcohol intake

1.3 (0.5–2.4)

225 (78–413)

0.3 (0.1–0.5)

53 (19–108)

0.6 (0.2–1.0)

219 (85–386)

Physical Inactivity

0.7 (0.3–1.1)

116 (56–183)

1.3 (0.4–2.2)

263 (75–459)

1.0 (0.4–1.7)

385 (136–654)

Smoking (current and former
smoking)

33.6 (22.9–39.7) 5933 (4047–7014)

1.2 (0.6–2.0)

252 (121–422)

14.3(9.9–17.3)

5485 (3812–6654)
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Fig. 3 Visual representation of combined PAF (%) by types of Cancer in 2018

females, such as in Canada (18.8% in males and 13.4% in
females) and in United Kingdom (22% in males and 19%
in females) [27, 28]. In comparison to Southeast Asia
country such as Vietnam, the reported study done by
Nguyen et al.27 did not include a few cancers for which
a causal association with tobacco smoking has been
demonstrated, such as colorectal and kidney cancers
[29]. Therefore, our PAF estimate was higher even
though the exposure prevalence in Vietnam outnumbered us (60.1% in males and 1.9% in females). In
addition to active smoking, literature showed that passive smoking also played as important factor for cancer
development, an analysis in Vietnam which included
these factors showed a PAF of 8.8% among women. Our

finding could be an underestimation of true effect causing by smoking as we did not take into account of passive smoking as a risk factor due to unavailability of
prevalence data for passive smoker [29].
The second leading risk factor for cancers in Malaysia
was excess weight. Alarmingly, Malaysia has similar PAF
(7.2%) to western countries such as in Australia (4.3%),
Canada (4.6%) and United Kingdom (6.3%) [13, 16, 27].
The value was far different from Asian countries like
China, Japan and Vietnam with PAF of 0.32–1.1% [15,
26, 29]. The possible reason could be due to the high
prevalence of excess weight/obesity among Malaysian
population. The prevalence of overweight and obesity
among adults (18 years and above) has increased

Table 2 Comparison of PAF across countries based on similar PAF approach in both sexes
Risk Factors

Malaysia,
current study

France,
2000 [25]

China,
2005 [26]

Japan,
2005 [15]

Canada,
2013 [27]

Australia,
2013 [16]

UK, 2015
[13, 28]

Vietnam,
2018 [29]

Excess weight

7.0%

1.6%

0.32%

1.1%

4.6%

4.3%

6.3%

0.8%

Alcohol intake

0.6%

6.9%

4.4%

6.3%

3.5%

2.8%

3.3%

6.0%

Physical Inactivity

1.0%

1.6%

0.27%

0.4%

4.1%

1.5%

0.5%

–

Tobacco smoking

14.3%

23.9%

22.6%

19.5%

17.9%

13.3%

15.1%

13.5%

Overall PAF (include all
other risk factors)
a

22.2%

a

35.0%

b

57%

c

42.7%

27.7%

d

32.8%

e

37.7

47.0%f

Other PAFs include: Infectious agents (3.6%), occupation (2.4%), exogenous hormones (0.9%), ultraviolet light (0.7%), pollutants (0.2%)
Other PAFs include: Infectious agents (29.4%), low fruit intake (13.0%), low vegetable intake (3.6%), occupational agents (2.7%), environmental agents (0.68%),
reproductive factors (0.17%) and hormone replacement therapy (0.01%)
c
Other PAFs include: Passive smoking (0.6%), infectious agents (20.6%), salt intake (1.6%), fruit intake (0.7%), vegetable intake (0.6%), exogenous hormones
used (0.2%)
d
Other PAFs include: Dietary factors (5.4%), infections (3.3%), solar UV radiation (6.4%), reproductive factors (0.8%)
e
Other PAFs include: UV radiation (3.8%), occupation (3.8%), infections (3.6%), insufficient fibre (3.3%), ionising radiation (1.9%), processed meat (1.5%), air
pollution (1.0%), not breastfeeding (0.5%), postmenopausal hormones (0.4%), oral contraceptives (0.2%)
f
Other PAFs include: Passive smoking (6.0%), infectious agents (29.1%), low vegetable and fruit intake (0.4%), air pollution (1.5%), nulliparity (0.8%)
b
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tremendously over the years, from 16.6 and 4.4% respectively in 1996 to 30.0 and 17.7% respectively in 2015
[31, 32]. Malaysia is also first in the rank for overweight
and obesity among South East Asia [33]. Furthermore,
the latest NHMS 2019 showed that one in two people in
Malaysia was overweight/obese [34]. This increment signified that the number of cancer attributable to overweight would be much higher in the next 10 years or so
if no intervention is implemented, considering this study
looked upon the exposure prevalence in 2006 for the
cancer incidences in 2018. Alarmingly, these risk factors
also interlinked to other non-communicable diseases
such as diabetes, heart disease and hypercholesterolemia.
Physical inactivity appeared to be the third leading factor for all cancers, with an overall PAF of 1.0%. Although the effect of physical inactivity was only on two
types of cancers, its attribution should not be ignored.
Again, our physical inactivity PAF value was comparable
to western countries than to Asian countries listed in
Table 2. This showed that Malaysian population seemed
to have a sedentary lifestyle similar to developed
countries.
Based on our analysis, alcohol intake had the least attribution to overall cancer, which was 0.6%. This was
much lower than the values of other countries listed in
Table 2. This discrepancy could be due to cultural factors, in which alcohol intake prevalence was relatively
low in Malaysia (prevalence 13.7% in men and 0.4% in
women). In Malaysia, majority of the population are
Muslim (60%), in which alcohol intake is prohibited in
Islamic teaching. From the study in Vietnam, a remarkable high prevalence of alcohol intake among men was
noticed in Vietnam (82%), in China (39%) and globally
(55%) [29]. Also, the exposure prevalence category for alcohol intake was only limited to current drinker in this
study due to unavailability of prevalence data based on
dose-response relationship. The other papers commonly
quoted alcohol drinker as light, medium and heavy
drinker, which accounted for higher magnitudes of PAFs.
Strength and limitations

Overall, this study had a number of strengths. First and
foremost, this was the first study in Malaysia that compiled PAF based on the most common risk factors in the
local population. Also, the calculation involved the exposure prevalence from large scale representative data in
the local setting. Secondly, it utilized the most recent
relative risk for cancers from available meta-analysis due
to common risk factors of excess weight, alcohol intake,
physical inactivity and smoking.
Nevertheless, we acknowledged that our study had a
few limitations. The estimated 12-year latency period
used for the cancer outcome has always been debatable.
For risk factors like tobacco smoking, the latency period
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from exposure to cancer development could have been
longer. Due to restriction by the exposure prevalence
data availability, we could only retrieve the Malaysian
population data pertaining to selected risk factors in
2006. Secondly, the relative risk estimates obtained from
meta-analysis were not specific to the population in
Malaysia. Due to lacking of cohort studies done in
Malaysia pertaining to the risk factors, meta-analysis
could not be conducted. Also, the inclusion of risk factors in PAF assessment was largely driven by the availability of the data pertaining to the cancers. We
acknowledged there were other causal factors such as
diet, pollution, genetic inheritance and infections that
could have contributed to incidence of cancers. Therefore, for this study, we can only analyse the 21 types of
cancers which were shown to have established causal relationships with the risk factors than choosing all
cancers.
In terms of PAF calculation, overall unadjusted RRs
were mainly used in this analysis and sex-specific RRs
were used to a lesser extent. The assumption of no other
confounding factors (e.g. age) for the relative risks used
may cause the estimates to be biased and the magnitude
of bias could be related to the strength of confounding
[35]. The unavailability of incidence data for cancer subtypes and morphological types such as oesophageal
squamous cell carcinoma, pre- and post-menopausal
breast cancer, gastric cardia and advanced prostate cancer could have overestimated the calculated PAFs. Estimates from Globocan for Malaysia’s cancer incidence
was used in the analysis. The accuracy of its estimation
had great influence towards the reliability of our analysis. Nevertheless, the estimates from Globocan provides us with more recent country cancer incidence than
the published country report.
Furthermore, Eq. 3 assumed exposures to the risk factors were statistically independent, whereby individual
experienced one risk factor would be less likely to experience the others. In the real world, interactions between risk factor does occurred and the assumption was
made to simplify the quantitative measurement. For any
future studies, weighted-sum method to calculate PAFs
should be explored to gain more accurate results. From
this study, the combined PAFs may not be comprehensive as only four risk factors were included for analysis,
however, it provided the minimum benefits that we
could gain if the potential exposure to the studied risk
factors was reduced.

Conclusion
As a conclusion, approximately one-fourth of the cancers investigated in this study can be prevented by
adjusting the modifiable risk factors. Although it can be
an estimate, this systematic assessment managed to pull
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together the different risk factors into one digestible figure for policy makers to deduce the practical way for
cancer prevention in Malaysia. Future studies should incorporate other risk factors such as physical carcinogens
(ionising radiation) and biological carcinogens (infections) to get a better understanding of the magnitude of
each risk factor to respective cancer. From this study, it
has re-emphasized that tobacco smoking and excess
weight are the two predominant factors out of the four
studied risk factors for cancer cases in Malaysia. Continuous effort to introduce and sustain prevention programmes related to these two risk factors is very much
needed. In the future, regular collection of other risk factor exposure prevalence data is important for such
analyses.
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