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Prostate Cancer Incidence is Correlated to Total Meat Intake–
a Cross-National Ecologic Analysis of 172 Countries
Wenpeng You1*, Maciej Henneberg1,2
Abstract
Objective: To examine the association of total meat (animal flesh) consumption to prostate cancer incidence
(PC61) at population level. Subjects and Methods: Data from 172 countries were extracted for analysis. Associations
between country specific per capita total meat intake and PC61 incidence at country level were examined using
Pearson’s r and Spearman rho, partial correlation, stepwise multiple linear regression analyses with ageing, GDP, Is
(index of magnitude of prostate cancer gene accumulation at population level), obesity prevalence and urbanization
included as the confounding factors. Countries were also grouped for regional association analysis. The data were
log-transformed for analysis in SPSS. Microsoft Excel, and ANOVA Post hoc Scheffe tests were applied to calculate
and compare mean differences between country groupings. Results: Worldwide, total meat intake was strongly and
positively associated with PC61 incidence in Pearson’s r (r= 0.595, p<0.001) and Spearman rho (r= 0.637, p<0.001)
analyses. This relationship remained significant in partial correlation (r= 0.295, p<0.001) when ageing, GDP, Is, obesity
prevalence and urbanization were kept statistically constant. GDP was weakly and insignificantly associated with PC61
when total meat intake was kept statistically constant. Stepwise multiple linear regression identified that total meat
was a significant predictor of PC61 with total meat intake and all the five confounders included as the independent
variables (R2=0.417). Post hoc Scheffe tests revealed nine significant mean differences of PC61 between the six WHO
regions, but all disappeared when the contributing effect of total meat on PC61 incidence rate was removed. GDP was
not identified as the statistically significant predictor of PC61 in either of the models including or excluding total meat
as the independent variable. Conclusions: Total meat intake is an independent predictor of PC61 worldwide, and the
determinant of regional variation of PC61. The longitudinal cohort studies are proposed to explore the association further.
Keywords: Total meat (animal flesh)- prostate cancer- carcinogen- regional variation
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Introduction
Prostate cancer (PC61, abbreviated as per the
International Classification of Diseases published by
the WHO (IARC 2017)) is the second most common
cancer among men in the world (Ferlay et al., 2015).
It has become an enormous public health concern in
most developed countries and an emerging public health
problem in developing countries (Jemal et al., 2011;
Stewart 2014). Globally, an estimated 0.9 million men
in 2008 were diagnosed with prostate cancer worldwide
(Ferlay et al., 2010), but, in 2012, the number increased
to 1.1 million (IARC, 2016) and the majority of cases
(almost 70%) occur in developed countries (IARC, 2016).
A complete understanding of the aetiology of PC61
remains elusive to the public and professionals (Grönberg,
2003; Hsing and Chokkalingam, 2006). Genetic
background is the well-established risk factor through
studies of PC61 in family histories (Steinberg et al., 1990;
Lichtenstein et al., 2000), and this background may have

been accumulated in human population due to the reduced
natural selection (You and Henneberg, 2016; Budnik
and Henneberg, 2017a; You and Henneberg 2017b; You
and Henneberg 2018). Researches into the relationship
between ageing and PC61 have revealed that, essentially,
ageing process leads to the acquisition of mutations and
the formation of a molecular and cellular environment
which favours carcinogenesis (Majeed et al., 2000;
Campisi, 2003; Shavers et al., 2009). Recent studies have
shown that people who are obese may have more exposure
to PC61 risk because they have the increased blood
levels of insulin and insulin-like growth factor-1 (IGF-1)
(Schuurman et al., 2000; Calle et al., 2003). Urbanization
has been closely linked to human lifestyle change, such
as more meat intake (You and Henneberg, 2016; You and
Henneberg, 2017a) and less physical exercise (Allender
et al., 2008), due to its process of modernization and
industrialization. Therefore, it has been postulated as the
risk factor of PC61 (Baade et al., 2011).
PC61 epidemiology has revealed that its incidence
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varies more than 25-fold worldwide (IARC, 2018). In
the past years, researchers from the International Agency
for Research on Cancer (IARC) as the specialized
cancer agency of the World Health Organization (WHO)
published several articles/reports associating the regional
variation of PC61 incidence with regional socioeconomic
levels (Ferlay et al., 2015; IARC, 2016).
Diet pattern plays a very important role in causing a
large percentage of cancers (Doll and Peto 1981; Püssa,
2013). Plant sourced food products, such as vegetables
(Key 2010), fruits (Key 2010) and grains (Wang et al.,
2015), have been reported as not associated with prostate
cancer.
In the last decades, a number of large cohort
and case-control studies have controversially and
circumstantially linked red meat intake to the development
of PC61 (Ma and Chapman, 2009; Vasundara and
Laurence, 2010; Gathirua-Mwangi and Zhang, 2014; NCI,
2018). It has been suggested that there was no substantial
difference between “red meat” and “white meat” in terms
of the nutrient components (Murphy et al., 2014; You and
Henneberg, 2016). Therefore, both red meat and white
meat might contribute to PC61 together when people had
diets which usually include the combination of red meat
and white meat. Researches, which simply correlated red
meat intake and PC61 risk, may have a defect in the study
designs because the contributing effect of white meat
intake to PC61 was not removed. Statistically, we may
say that white meat intake was not kept constant when
the correlation of red meat intake to PC61 was analysed
(Alexander et al., 2010; Mandair et al., 2014).
It is proposed to use ecological study for ascertaining
a new association between total meat (flesh of animals)
intake and PC61 risk at population level. We examined this
relationship with the country specific data on total meat
intake and PC61 incidence rate published by the United
Nations (UN) agencies.

Materials and Methods
Data Collection and Selection
The country specific data were collected for this study:
The most recent IARC data on estimated PC61
incidence rate in 2012 for the adult (aged 15+ years old)
part of each population were extracted as the dependent
variable (Ferlay et al., 2015).
Total meat intake (expressed in kg/capita/year) in 2011
from the FAOSTAT Food Balance Sheet (FBS) (FAO)
was obtained as the independent predictor of PC61. FAO
defined total meat as “flesh of animals used for food”,
which includes beef and veal, buffalo meat, pig meat,
mutton and lamb, goat meat, horse meat, chicken meat,
goose meat, duck meat, turkey meat, rabbit meat, game
meat and offal (FAO). For the interest of discussing the
relationships between PC61 and white meat intake and
red meat intake, we extracted poultry meat (flesh) as
white meat (expressed in kg/capita/year). We calculated
red meat intake by subtracting white meat intake from the
total meat intake.
We extracted the following data as the confounding
variables as they have been postulated as the risk factors
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of PC61.
Ageing, expressed with the percentage of males age
65 and above in each country in 2011 was extracted from
the World Bank (The World Bank, 2018).
The World Bank data on per capita GDP PPP (gross
domestic product converted to international dollars using
purchasing power parity rates) in 2011 (The World Bank,
2018). Ferlay et al. indicated that the PC61 incidence rate
varies significantly largely because of how widespread the
prostate speciﬁc antigen (PSA) testing and subsequent
biopsy are in practice in those countries and regions (Ferlay
et al., 2015). The testing depends on the GDP because of
funding for medical services. GDP PPP was incorporated
as the confounding factor to reduce/remove the bias on
PC61 incidence in addition to other socioeconomic level
related factors which may affect the association between
meat intake and PC61 incidence.
Country-specific index of the total opportunity for
natural selection in modern populations (Is) was extracted
from previous studies (You and Henneberg, 2016a;
Budnik and Henneberg, 2017). An Is value signifies here
the magnitude of the country to accumulate the PC61
genes(You and Henneberg, 2017; You and Henneberg,
2016a; Budnik and Henneberg, 2017). The calculation
methods and significance of Is which was recently
published by You and Henneberg (2017) and Saniotis and
Henneberg (2013), are based on the Biological State Index
as described in the previous publications (Henneberg,
1976; Henneberg and Piontek, 1975). PC61 has strong
genetic background which is heritable (Zeegers et al.,
2003, Stewart, 2014). Therefore, Is was chosen as the
confounding factor to remove the confounding effect
of country-specific PC61 genetic background on the
association between meat intake and PC61 incidence
(You and Henneberg, 2016c; You and Henneberg, 2016d;
Budnik and Henneberg, 2017; You and Henneberg, 2017).
The WHO Global Health Observatory (GHO) data
on the estimated prevalence rate of obesity (percent of
population aged 18+ with BMI ≥ 30 kg/m2) of the male
population in 2010 (WHO 2015).
The World Bank data on urbanization (the percent of
males living in urban areas in each country in 2011 (The
World Bank, 2018).
We simply extracted the country-specific meat intake
data from the FAO Food Balance Sheet for 172 countries,
that is all countries of the world for which these data were
available. And then, we matched the other variables with
the meat intake data. All the independent variables were
backdated 1-2 years to reflect the exposure with delayed
presentation of PC61.
Each country was treated as the individual subject
for data analysis in this study. For particular analyses,
the number of countries included for variables may have
differed somewhat because all information on other
variables was not uniformly available for all countries
due to unavailability from relevant UN agencies. All the
data were extracted and saved in Microsoft Excel® for
performing the data analysis.
Statistical analyses
To assess the relationship between PC61 incidence rate
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and total meat intake, the analysis proceeded in six steps.
1. Scatter plots was produced with the original data in
Microsoft Excel® to explore and visualize the strength,
shape and direction of association between meat intake
and PC61 incidence at the global level.
We also calculated and compared the means of PC61
of the 10 countries with highest and lowest meat intake
in the Excel to show how meat consumption changes
average incidence rates of PC61
For the data analysis in SPSS (Steps 2 -5), the original
data were log-transformed (natural logarithms) to bring
their distributions closer to normal, which may increase
homoscedasticity of data distributions.
2. Bivariate correlation (Pearson’s and Spearman rho,
nonparametric) was used to evaluate the strength and
direction of the associations between both dependent
variable (PC61 incidence) and all independent
variables (Meat intake, Ageing, GDP PPP, Obesity and
Urbanization).
3. Partial correlation of Pearson moment-product
approach was used to find the relationship between PC61
incidence and meat intake while keeping ageing, GDP
PPP, obesity and urbanization statistically constant. Partial
correlation was also used to examine separately white and
red meat relationship to PC61 incidence.
The independent relationships between PC61 and each
of the five variables were explored with partial correlation
of Pearson’s moment-product approach while we kept the
meat intake statically constant. This allows us to identify
how strongly the meat intake affects the association
between PC61 and each of the five variables.
A number of previous ecological studies (Siervo et al.,
2014; You and Henneberg, 2016b; You and Henneberg
2016; You and Henneberg, 2016c) revealed that meat
intake was in significant and strong correlation to GDP.
We alternated GDP and meat intake as the predictor and
confounding factor for the partial correlation analysis.
4. Stepwise multiple linear regression modelling was
performed to identify and rank predictors (independent
variables) of PC61. We included and excluded meat intake
as the one of the predictors in the two analyses to observe
how strongly the meat intake affected the predictor
ranking in Stepwise linear analysis.
5. Pearson’s r was calculated to investigate the
regional correlation between meat intake and PC61
incidence. Fisher’s r-to-z transformation was performed
to test significance of differences between correlation
coefficients. We did this analysis because meat intake
varies in human diet patterns due to the availability
and affordability in different regions, and also because
the WHO and its agent the IARC reported that PC61
incidence varies in different regions (Stewart, 2014;
Ferlay et al., 2015). The 173 countries were grouped as
per WHO region division (WHO, 2018) and the World
Bank income classifications (The World Bank, 2015) for
correlation analyses.
6. Post hoc Scheffe (Oneway ANOVA) testing was
performed to compare the mean difference of meat
intake (original data), PC61 incidence (original data),
and residual of PC61 incidence standardized on meat
intake (original data) between six WHO regions. This may

allow us to investigate the importance of meat intake in
determining the regional variation of PC61.
The equation (y = 0.7643x + 1.1864) of the best
fitting trendline obtained in the scatter plots analysis of
correlation between meat intake and PC61 incidence was
used to calculate and remove the contributing effect of
total meat intake on PC61 incidence rate. Thus, we created
a new dependent variable, “PC61 incidence standardized
on meat intake” and subsequently “Residual of PC61
incidence standardised on meat intake” after subtracting
the “PC61 incidence standardized on meat intake” from
the PC61 incidence rate.
The means of PC61 and meat intake of the six WHO
regions were compared and the association between meat
intake and PC61 incidence in each was obtained in the
Excel.
SPSS v. 22 (SPSS Inc., Chicago Il USA) and Microsoft
Excel® were used for data analysis. The significance was
kept at the 0.05 level, but 0.01 and 0.001 levels are also
reported. Stepwise multiple linear regression analysis
criteria were set at probability of F to enter ≤ 0.05 and
probability of F to remove ≥ 0.10.

Results
Figure 1 showed the unadjusted correlation between
meat intake and PC61 incidence. The relationship was
noted to be best described by linear equation (y = 0.7643x
+ 1.1864) with strong correlation (r=0.684, p<0.001).
The average PC61 incidence rate of the 10 countries
with highest meat intakes (79.22 per 100,000) was 5.77
times greater than the average of the 10 countries with
lowest meat intakes (13.73 per 100,000).
Pearson correlation and nonparametric (Spearman
rho) analyses showed that meat intake was in significantly
strong correlation to PC61 incidence (r=0.595, p<0.001
and r=0.637, p<0.001 respectively) (Table 1). Pearson
r correlation coefficient of meat consumption to PC61
became lower in scatter plots (Figure 1) because the
variables were log-transformed. The strong and significant
correlations were also observed between PC61 and

Figure 1. Linear Correlation Plot of Meat Intake and
Prostate Cancer Incidence
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Table 1. Pearson’s r and Nonparametric Correlation Matrix Between All Variables Involved in This Study
PC61

Meat

Ageing

GDP PPP

Is

Obesity %

Urbanization

PC61

1

0.595***

0.555***

0.529***

-0.480***

0.489***

0.470***

Meat

0.637***

1

0.648***

0.810***

0.674***

0.761***

0.588***

Ageing

0.587***

0.699***

1

0.706***

0.686***

0.596***

0.498***

GDP

0.573***

0.833***

0.750***

1

0.738***

0.717***

0.664***

Is

-0.565***

0.794***

0.864***

0.871***

1

0.708***

0.505***

Obesity %

0.501***

0.737***

0.630***

0.729***

0.745***

1

0.671***

URBAN

0.516***

0.635***

0.563***

0.737***

0.665***

0.735***

1

Pearson r (above diagonal) and nonparametric (below diagonal) correlations were reported. Significance levels: * P <0.05, ** P< 0.01, *** P<
0.001. Numbers of countries range, 157-172. Meat intake (kg/capita/year) sourced from the Food and Agriculture Organization; Ageing (percent
of males ages 65 and above) and GDP PPP (gross domestic product converted to international dollars using purchasing power parity rates) and
urbanization (the percent of males living in urban areas) were sourced from the World Bank. Male obesity prevalence (percent of males aged 18+
with BMI ≥ 30 kg/m2); Is was extracted from previous publications.

Table 2. Correlation of Meat Availability to Prostate Cancer Incidence Rate in Different Country Groupings
Country groupings

Pearson r

p

nonparametric

p

Worldwide (n=163)

0.595

<0.001

0.637

P<0.001

High Income, n=47

0.528

<0.001

0.346

<0.05

Low Income, n=26

0.429

<0.05

0.372

0.061

Low Middle Income, n=43

0.305

<0.05

0.216

0.164

Upper Middle, n=47

0.402

<0.01

0.419

P<0.003

World Bank income classifications

WHO regions
AFRO, n=38

0.180

0.28

0.049

0.771

AMRO, n=29

0.570

<0.001

0.555

<0.01

EMRO, n=18

0.524

<0.05

0.556

<0.05

EURO, n=50

0.723

<0.001

0.654

<0.001

SEARO, n=10

0.549

0.101

0.661

<0.05

WPRO, n=18

0.591

<0.01

0.513

<0.05

Pearson r and nonparametric correlations within country groupings were reported; Meat intake (kg/capita/year) sourced from the Food and
Agriculture Organization.

ageing, GDP PPP, obesity and urbanization respectively.
This warranted our selection to include them as the
confounding factors in exploring the correlation between
meat intake and PC61 incidence.
These bivariate correlations were also reflected in
the WHO regions showing increased correlation of
meat intake with PC61 (Table 2). AFRO region was the
exception. In general, the bivariate correlations were also
true in country groupings based on economy status as
defined by the GDP.
Partial correlation analysis revealed that meat intake
was a strong and significant predictor of PC61 independent
of ageing, GDP PPP, obesity and urbanization (r=0.295,
p<0.001, Table 3). When meat intake was stabilised as a
confounding factor in partial correlation analysis, it was
revealed that: 1) ageing was identified as a significant
independent predictor (r=0.277, p<0.001) of PC61
incidence; 2) urbanization showed weak and significant
correlation to PC61 incidence (r=0.185, p<0.05); and 3)
GDP, Is and Obesity showed barely a correlation to PC61
incidence (Table 3). This suggested that meat intake had
great confounding effects on the correlation between
PC61 incidence and GDP PPP, Is, obesity and urbanization
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Table 3. Partial Correlations between Prostate Cancer
Incidence and Independent Variable When Meat
Was Included as the Independent and Confounder
Respectively
Partial Correlation to

Partial Correlation to

PC61
Variables
Meat

PC61

r

p

df

r

p

df

0.295

<0.001

150

-

-

-

Ageing

-

-

-

0.277

<0.001

160

GDP

-

-

-

0.100

0.209

160

Is

-

-

-

-0.041

0.608

158

Obesity

-

-

-

0.070

0.382

158

Urbanization

-

-

-

0.185

P<0.05

160

Partial correlations were reported; Meat intake (kg/capita/year)
sourced from the Food and Agriculture Organization; Ageing (percent
of males ages 65 and above) and GDP PPP (gross domestic product
converted to international dollars using purchasing power parity rates)
and urbanization (the percent of males living in urban areas) were
sourced from the World Bank. Male obesity prevalence (percent of
males aged 18+ with BMI ≥ 30 kg/m2); Is was extracted from previous
publications; - Included as the confounding factor.
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Table 4. Results of Stepwise Multiple Linear Regression Analyses to Sort Significant Predictors of Prostate Cancer
Incidence
Excluding meats
Rank

Variables Entered

Including meat

Adjusted R Squared

Rank

Variables Entered

Adjusted R Squared

1

Ageing

0.31

1

Meat

0.332

2

Urbanization

0.354

2

Ageing

0.386

3

Ibs

Not a major predictor

3

Is

0.404

4

GDP PPP

Not a major predictor

4

Urbanization

0.417

5

Obesity %

Not a major predictor

5

GDP PPP

Not a major predictor

6

Obesity

Not a major predictor

Stepwise multiple linear regression modelling is reported. Contribution of variables is listed in order of how much they contribute to prostate cancer
incidence; Meat intake (kg/capita/year) sourced from the Food and Agriculture Organization; Ageing (percent of males ages 65 and above) and GDP
PPP (gross domestic product converted to international dollars using purchasing power parity rates) and urbanization (the percent of males living
in urban areas) were sourced from the World Bank. Male obesity prevalence (percent of males aged 18+ with BMI ≥ 30 kg/m2); Is was extracted
from previous publications.

Table 5. Mean Difference between WHO Regions, and between UN Developed and Developing Regions
Meat
I (Region)
AF
n=39
mean= 21.14

AM
n=36
mean= 33.12

EM
n=18
mean= 40.77

EU
n=50
mean=66.95

SEA
n=10
mean= 17.74

WP
n= 19
mean =61.97

PC61 incidence rate

J
(Region)

Mean difference
(I-J)

AM

-43.07***

EM

-11.98

EU

-45.51***

I (Region)

Residual of PC61 incidence standardised on meat

J
(Region)

Mean difference
(I-J)

AF

AM

-33.75***

n=38

EM

10.35

mean=22.70

EU

-32.19***

I (Region)

J (Region)

Mean difference
(I-J)

AF

AM

-1.97

n=38

EM

18.92

mean= 5.37

EU

2.01

SEA

3.4

SEA

16.42

SEA

13.24

WP

-40.83***

WP

-11.39

WP

20.15

AF

43.07***

AM

AF

33.75***

AM

AF

1.97

EM

31.09***

n=29

EM

44.10***

n=29

EM

20.89

EU

-2.44

mean=12.35

EU

1.56

mean= 9.44

EU

3.98

SEA

46.47***

SEA

50.17***

SEA

15.21

WP

2.23

WP

22.36

WP

22.13

EM

AF

-18.92

n=18
mean= -14.15

AM

-20.89

AF

11.98

AM

-31.09***

EM

AF

-10.35

n=18
mean=40.77

AM

-44.10***

EU

-33.53***

EU

-42.54***

EU

-16.91

SEA

15.38

SEA

6.07

SEA

-5.68

WP

-28.86*

WP

-21.74

WP

1.23

AF

45.51***

EU

AF

32.19***

EU

AF

-2.01

n=50

AM

-1.56

n=50

AM

-3.98

mean=54.89

EM

42.54***

mean=2.77

EM

16.91

SEA

48.61***

SEA

11.23

AM

2.44

EM

33.53***

SEA

48.91***

WP

4.68

AF

-3.4

AM

-46.47***

WP

20.8

SEA

AF

-16.42

n=10
mean= 6.28

AM

-50.17***

WP

18.15

SEA

AF

-13.24

n=10
mean= -8.47

AM

-15.21

EM

-15.38

EM

-6.07

EM

5.68

EU

-48.91***

EU

-48.61***

EU

-11.23

WP

-44.23***

WP

-27.81

WP

6.91

AF

40.83***

AM

-2.23

WP

AF

11.39

WP

AF

-20.15

n= 18
mean=34.09

AM

-22.36

n= 18
mean= -15.38

AM

-22.13

EM
EU

28.86*

EM

21.74

EM

-1.23

-4.68

EU

-20.8

EU

-18.15

SEA

44.23***

SEA

27.81

SEA

-6.91

Mean comparisons between WHO regions (One-way ANOVA, Post hoc Scheffe) were reported; Meat intake (kg/capita/year) sourced from the
Food and Agriculture Organization; Ageing (percent of males ages 65 and above) and GDP PPP (gross domestic product converted to international
dollars using purchasing power parity rates) and urbanization (the percent of males living in urban areas) were sourced from the World Bank.
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Table 6. Pearson r, Nonparametric and Partial Correlations of Prostate Cancer Incidence to White and Red Meat
Respectively
Pearson r

Spearman rho

r

n

r

n

White meat

0.515***

163

0.560***

163

Red meat

0.531***

163

0.551***

163

Ageing

0.555***

163

0.587***

163

GDP

0.529***

157

0.573***

157

Is

0.274***

161

0.565***

Obesity %

0.489***

161

URBAN

0.470***

163

Partial
r

Partial
n

r

n

0.337***

n=150

0.3484***

n=149

0.092

n=150

-

-

-

-

-

-

-

-

-

-

161

-

-

-

-

0.501***

161

-

-

-

-

0.516***

163

-

-

-

-

Pearson r, nonparametric and partial correlations were reported. Significance levels: * P <0.05, ** P< 0.01, *** P< 0.001; White meat (poultry)
intake (kg/capita/year) sourced from the Food and Agriculture Organization, and red meat intake (kg/capita/year) was calculated through subtracting
white meat from total meat intake; Ageing (percent of males ages 65 and above) and GDP PPP (gross domestic product converted to international
dollars using purchasing power parity rates) and urbanization (the percent of males living in urban areas) were sourced from the World Bank. Male
obesity prevalence (percent of males aged 18+ with BMI ≥ 30 kg/m2); Is was extracted from previous publications.

respectively.
When meat intake was excluded as the PC61 predictor,
ageing and urbanization were selected as the significant
predictors of PC61 with R2 = 0.354 in the standard multiple
linear regression (Stepwise) analysis. When meat intake
was incorporated as an independent variable, it was placed
first as the major predictor of PC61 with increasing R2 to
0.417. GDP was not selected as the major predictor of
PC61 in Stepwise linear regression. Additionally, it was
not in strong or significant correlation to PC61 incidence
in partial correlation (Table 2). This may suggest that
GDP PPP may not be the strong predictor of PC61, but
meat intake is.
Table 5 showed the calculated means of meat intake
and PC61 incidence rates in all the six WHO regions. In
general, at country grouping level, meat intake was in
strong correlation to PC61 incidence based on the best fit
trendline (r=0.832, p<0.05). This is consistent with the
correlation between meat intake and PC61 incidence at
the individual country level (r=0.684, p<0.001) (Table 5).
A post hoc Scheffe analysis conducted on the multiple
mean comparisons revealed that there were numerous
significant mean differences in PC61 incidence rates
between different WHO regions (Table 5). Mean of PC61
incidence in Africa was significantly lower than that in
Americas and Europe. Mean of PC61 incidence in the
Eastern Mediterranean was significantly lower than that
in Americas and Europe. The mean PC61 incidence in
South-Eastern Asia was significantly lower than that in
Americas and Europe.
A subsequent ANOVA with post hoc Scheffe
procedure performed on the means of “Residual of PC61
standardised on meat intake” in different WHO regions
showed no significant differences among and between
regions (Table 5). The results from post hoc Scheffe tests
conducted on mean comparison between the WHO regions
suggested that regional variations of PC61 incidence may
only reach statistically significant levels if the contribution
of their respective meat intake was included. This result
was supported by the findings identified in our previous
bivariate and partial correlation (Table 3) and multiple
linear regression (Table 4) that meat intake is the major
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risk factor of PC61 incidence.
Our data showed that both white meat intake and red
meat intake were in strong and significant correlation
to PC61 in Pearson r (r=0.515, p<0.001 and r=0.531,
p<0.001 respectively) and non-parametric correlations
(r=0.560, p<0.001 and r=0.551, p<0.001 respectively)
(Table 6). However, only white meat intake, instead of red
meat was significantly correlated to PC61 when ageing,
GDP, Is, obesity and urbanization were statistically kept
constant (r=0.337, p<0.001) (Table 6). Interestingly, when
we incorporated red meat as the confounding factor, white
meat intake was still significantly correlated to PC61
(r=0.384, p<0.001) (Table 6). This suggested that, if we
consume both white and red meat, white meat may be able
to contribute to PC61 when we remove the influence of
red meat intake on PC61. To the best of our knowledge,
statistically, this finding has not been reported by other
studies.
White meat intake was placed second increasing R2
to 0.363 from 0.315 with ageing selected as the variable
having the greatest influence on PC61 (R2 = 0.315) in
Stepwise multiple linear regression analysis. When we
replaced white meat intake with red meat intake as the
independent variable, red meat was not selected as the
most influential predictor of PC61.

Discussion
The results from our study suggested, at population
level, total meat (flesh) intake was strongly and
signiﬁcantly associated with incidence rate of PC61
globally and regionally. Worldwide, total meat intake may
be a major predictor of PC61 regardless of the influence
from other risk factors, such as ageing, GDP, Is, obesity
and urbanization. Our results also suggested that meat
consumption, instead of GDP, may be a determinant of
the regional variation of PC61.
Red and processed meat increasing risk of PC61 has
been a central dogma reported in the majority of the studies
into relationship between meat intake and PC61. The
dogma, which is supported by the IARC (International
Agency for Research on Cancer, 2015), stipulates multiple
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etiologies through which red and processed meat intake
contributes to PC61 risk (Sinha et al., 2009):
1) Carcinogens such as heterocyclic amines (PhIP),
2-amino-3,8-dimethylimidazo-[4,5-b]quinoxaline
(MeIQx), and 2-amino-3, 4,8-trimethylimidazo-[4,5-f]
quinoxaline (DiMeIQx), and polycyclic aromatic
hydrocarbons may be formed when meat is cooked at
high-temperature (Knize et al., 1995; Knize et al., 1996;
Knize et al., 1998; Sinha et al., 1998; Sinha et al., 2000;
Kazerouni et al., 2001).
2) N-nitroso compounds (NOCs) may be produced
endogenously from meat itself or preservatives added to
processed meats (Cross et al., 2000; Hughes et al., 2001;
Cross and Sinha, 2004).
3) Heme iron has catalytic effects on (i) the endogenous
formation of carcinogenic N-nitroso compounds and (ii)
the formation of cytotoxic and genotoxic aldehydes by
lipoperoxidation (Cross et al., 2000; Cross et al., 2002;
Cross et al., 2003; Cross et al., 2006; Lewin et al., 2006.,
Grant, 2008).
4) Meat may cause metabolic syndrome (MetS) (Babio
et al. 2012), which plays a role in the development of PC61
(De Nunzio et al., 2011).
Recent studies reported that meat protein from both red
meat and white meat may be digested slowly and later than
other maco-nutrients, such as carbohydrates and fat (You
and Henneberg, 2016; You and Henneberg, 2017a). This
may highlight the role of meat in contribution to PC61.
However, the results from these studies may not be
rigorous as they only focused on the relationship between
red meat intake, instead of total meat intake, and PC61. It
may not be wise to exclude white meat from the studies
because: 1) The contents of red meat and white meat
are quite similar although the quantities of the specific
compounds are different. 2) Both red and white meat
can produce the same mutagens or carcinogens when
they are cooked at high temperature (Sinha et al., 1998;
Sugimura et al., 2004; Gu et al., 2010). 3) Fat (Mandair et
al. 2014) and heme iron (Lewin et al. 2006) (Cross et al.,
2002; Cross et al., 2003; Grant, 2008) in red meat have
been postulated as the carcinogen. However, red meat
has been leaner than ever over the past few decades due
to leaner animals being bred and improved butchery and
feeding techniques that make fat content fall significantly
(Lawrie and Ledward, 2006; Pearce et al., 2010). Blood,
which contains lots of heme iron, has been extensively
consumed in Asian cuisines for thousands of years, but
the PC61 incidence in Asia (9.4 per 100,000) is much
lower than in other continents, such as Africa (23.2 per
100,000), Americas (75.0 per 100,000), Europe (61.3
per 100,000) and Oceania (101.9 per 100,000) (Ferlay et
al., 2013). Additionally, The National Pork Board of the
United States used to classify pork, a major “red meat”,
as “the other white meat” (Levere, 2005) . Therefore, the
contribution of white meat to PC61 may not be ignored in
those studies. However, those studies into the relationship
between red meat and PC61 did not remove the influence
of white meat on PC61. In other words, statistically, there
may be a defect in these studies as they did not establish
the relationship independent of white meat consumption.

Some studies do not support that red meat should be the
only meat category to be associated with PC61. Globally,
the overall consumption of white meat (poultry in per
capita per year) between 1990 and 2009 has increased
by 76.6% (Henchion et al., 2014). Accompanying this
process, the PC61 incidence keeps increasing (Ferlay et
al., 2010; Jemal et al., 2011; Stewart, 2014; IARC, 2016)
worldwide. At the specific country level, for instance,
in Australia, between 1982 and 2009, poultry meat has
increased by 105%, but red meat has decreased by 22%.
However, during this period, the PC61 incidence rate
increased from 79.4 (per 100,000) in 1982 to 193.9 (per
100,000) in 2009 (FAO, 2018).
Although, statistically, we found that white meat intake
may be a major predictor of PC61, it may not be proper
to conclude that white meat intake is a major predictor
of PC61, while red meat intake is not, considering the
similarities between white meat and red meat (see above
for details) and the controversial and circumstantial
findings in previous studies.
A cohort study based on the dietary habits of 917
subjects with PC61 concluded that there were no
association between chicken intake and the risk of
aggressive prostate cancer (Amin et al., 2008). This result
may not conflict with our finding that white meat was
a major and independent predictor of PC61 because of
a couple differences in study designs: 1) Only chicken
which is main component, but not all, of white (poultry)
meat. Our study included all the meat from poultry. 2) The
research subjects in this study were PC61 patients, but our
study chose all the males. 3) Cooked chicken was used as
the independent variable in the previous study, but poultry
flesh was included as the independent variable in our study.
The association between processed meat intake and
PC61 has been tentative (WCRF/AICR 2007, Alexander
et al. 2010). Processed meat is usually composed of
both red meat and white meat (Pearson and Gillett,
2012). Therefore, this may support that white meat also
contributes to PC61. There may be several issues with
those studies. Firstly, the cariogenic effects of processing
aids, such as sodium nitrite (E250) on PC61 were (or
could) not be removed from the association between
processed meat intake and PC61. Secondly, the total
processed meat, such as hotdogs and sausages, instead of
pure meat were included for study. Therefore, the quality
of the data may be questionable. Similarly, statistically,
the influence of unprocessed meat intake on PC61 was
not removed from the association between processed meat
and PC61. This may be the defect in these studies as well.
A recent study conducted by Murphy et al. concluded
that, due to similarities between pork, beef and chicken
diets, people on these three diets for three months did
not have different changes of the Body Mass Index
(BMI) or any other marker of adiposity (Murphy et al.,
2014). Similarly, another study did not deem that it was
necessary to differentiate meat into different categories
for investigating the relationship between meat intake and
obesity (You and Henneberg, 2016).
Categorizing meats and associating some meat types,
such as red meat and processed meat, with detrimental
Asian Pacific Journal of Cancer Prevention, Vol 19
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health effects in the different circumstances is not
supported by the health eating guideline published by the
authorities from different governments, such as Australia
(NHMRC, 2012; EUFIC, 2018), Canada (Government of
Canada-Health-Food and Nutrition-Healthy Eating, 2015),
Europe (EUFIC, 2018) and United States (USDA, 2015).
One of the reasons may be that the conclusions from these
studies are still controversial and not convincing enough.
We have to point out a strong advantage of this study.
This study does not list any circumstance for the existing
relationship between total meat intake and PC61. The
majority of the previous studies categorized meats for
investigating the association between specific meat groups,
such as red meat, and PC61 in the specific circumstances
(Koutros et al., 2008). However, generally, people do not
eat individual meats but rather meats in combination in
broad circumstances (Tantamango-Bartley et al., 2015;
You and Henneberg, 2016). We used the total meat
intake, defined as the “flesh of animals used for food”,
as the independent variable in this study (Lawrie and
Ledward, 2006; The FAO, 2018). The cooking methods,
processing methods or nutritional function were not used
to differentiate meat types. However, previous studies
always listed one or more circumstances (categorizing
meat) when the relationship between meat intake and
PC61 was investigated. The circumstances may include,
but limited to, level of doneness (Sinha et al., 1998;
Sugimura et al., 2004; Koutros et al., 2008; Gu et al.,
2010), myoglobin content (red and white meat) (Joshi
et al., 2012; IARC, 2015; Wolk, 2017), modification
methods (processed meat) (John et al., 2011; Wolk, 2017),
ethnicity (John et al., 2011; Richman et al., 2011; Sarwar
et al., 2013) and stage of the PC61 (Koutros et al., 2008;
John et al., 2011; Joshi et al., 2012). The definitions of
these circumstances varied greatly and were not crystal
clear. These ambiguous circumstances may have produced
the controversial relationships between specific meat
intake and PC61 (Richman et al., 2011). Without any
circumstance, the relationship between total meat intake
and PC61 identified in our study may offer the new insight
into the study of the adverse health effects of meat intake
(Tantamango-Bartley et al., 2015).
There have been a couple of investigations into the
relationship between total meat intake and PC61 risk. John
et al. concluded that total meat intake was not associated
with the risk of advanced prostate cancer (John et al.,
2011). Compared with our findings, the relationship in
this study is very circumstantial because the results were
based on the specific ethnicity (Non-Hispanic White and
African-American men) and specified cooking methods
and degree of doneness and stage of PC61 (advanced).
In addition to the multiple circumstances included in this
study, the data on total meat intake may be biased because
newly diagnosed PC61 patients were included as the main
research subjects in this study. These patients may more
easily recall the negative life events (total meat intake)
which have been considered as PC61 risks (Blaney, 1986;
Cohen et al., 1988; Brett et al., 1990; Courtney et al., 1993;
Bai et al., 2016). Our results were in agreement with the
findings reported by Koutros et al. that total meat was in
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weak association with the increased risk of incidence PC61
and increased risk of advanced PC61 although in this study
“well or very well done total meat” was indicated as the
independent variable (Koutros et al., 2008).
Several limitations in this study need to be declared.
Firstly, the total meat intake data analysed were calculated
for per capita in each country. Therefore, the relationship
between meat intake and PC61 may only be demonstrated
at a country level, which does not necessarily correspond
to the same relationship holding true at the individual
level. Furthermore, the general market availability of total
meat, not the actual human consumption, were tracked
for this study. We could not be able to access the direct
measures of actual meat consumed by humans as we did
not have the data to measure food wastage and provide
actual meat intake at country level. Secondly, we included
ageing, GDP, magnitude of PC61 accumulation, obesity
and urbanization as the potential confounding variables
in partial correlation analysis, but other confounding
factors, e.g. saturated fat, alpha-linolenic acid, dairy food,
elevated intraprostatic androgen and elevated IGF-1, may
still have influenced the associations reported in this
study. For instance, meat intake varies worldwide due
to availability, cultural beliefs or religious preferences.
However, we could not locate and include other variables
as the confounding factors in this study. Thirdly, the PC61
incidence rate was extracted from the GLOBOCAN
database. It is probable that datasets from developing
countries are less complete than those from developed
countries due to issues of underdiagnoses. We attempted
to remove the different levels of PC61 diagnoses through
controlling for GDP and urbanization, but this removal
might not be sufficient. Fourthly, total meat (“flesh of
animals”) was used as the independent predictor of PC61
in this study. However, it is constantly reported that
specific types, cooking methods, doneness levels and
processing methods of meat may be the factors which
make meat contribute to PC61.
In conclusion, per capita total meat (flesh of animals)
consumption may be an independent predictor of PC61
incidence at a global level. However, this needs to be
confirmed by other studies since our study may be affected
by ecological fallacy. Major shifts in dietary habits
featured with more meat intake should be investigated
globally to determine its adverse health effects. It is novel
to include total meat as the predictor of the worldwide
non-communicable disease epidemic. The studies on the
diet patterns of PC61 patients may be useful.
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