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Abstract

The aim of this study was to give an overview of
the magnitude, variation by age and time trends
in the rates of prostate cancer mortality in Cor-
doba province and in Argentina as a whole from
1986 to 2006. Mortality data were provided by
the Cordoba Ministry of Health and the World
Health Organization cancer mortality database.
Prostate cancer mortality time trends were ana-
lyzed using joinpoint analysis and age-period-
cohort models. In Argentina prostate cancer
age-standardized mortality rates rose by 1% and
3.4% per year from 1986 to 1992 and from 1992
to 1998 respectively. There was a decreasing trend
(-1.6%) for Argentina from 1998 and Cordoba
(-1.9%) from 1995. Age-period-cohort models for
the country and the province showed a strong
age effect. In the country there was an increased
risk in the 1996-2000 period, whereas there was
decreased risk for birth cohorts since 1946, prin-
cipally in Cordoba. A decreasing trend in prostate
cancer mortality was found in Cordoba as well
as in Argentina, which might be attributed to the
improvement in treatment in this country.
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Introduction

Cancer is a leading cause of death worldwide.
Deaths from cancer are projected to continue ris-
ing and in some countries it has already become
the principal cause of death 1. More than 70% of
all cancer deaths occurred in middle- to low -in-
come countries in 2005 2.

Prostate cancer is the second most com-
mon cancer in men 3. It is, in turn, the third
most common cause of cancer death in men in
Argentina 4. Average survival for prostate cancer
is relatively high, although it is markedly higher
in high-income countries. The five-year survival
rate is approximately 60 per cent overall: 76 per
cent in high-income countries, compared with
45 percent in middle- to low-income countries.
This cancer accounts for around six per cent of
all cancer incidence (nearly 12 per cent in men)
bur around three per cent of all cancer deaths
(almost six per cent in men; all sites except for
non-melanoma skin) 5.

The risk of prostate cancer increases with
age and is diagnosed in very few people aged 50
years or younger 6. After this age, incidence and
mortality rates increase almost exponentially.
The increase in cancer incidence throughout life
is mainly due to an accumulation of risks, com-
bined with a trend in loss of effectiveness in cellu-
lar repair mechanisms with ageing 7. The dramat-
ic increase of prostate cancer incidence between
1988 and 1992 in the USA was largely due to the
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increased availability of screening for prostate-
specific antigen in men without symptoms of the
disease 5. Rates were already increasing before
the availability of prostate-specific antigen test-
ing, and have continued to increase in middle-
income countries where the screening is still not
widely available 5.

In Argentina, prostate-specific antigen test-
ing was introduced in around the mid-1980s,
and since the mid-1990s the Argentinean Urol-
ogy Society has proposed a systematic screen-
ing in adult men older than 50 years through an-
nual rectal examinations and prostate-specific
antigen testing 8. Nevertheless, it is difficult to
quantify the impact of the screening effect in
prostate incidence trends in our country because
the number of new cancer cases diagnosed ev-
ery year in Argentina is unknown since there
is no national registry. As such, incidence rates
throughout the country and for different types
of cancer are not known, except for some small
size studies of incidence in some provinces. The
Cordoba Cancer Registry, which began in 2003,
is the largest province population-based registry.
According to this source, the 2004 prostate age
standardized mortality rate was 13.62x10-5 in-
habitants 9, but the temporal pattern is obviously
not yet available. However, in the specific case of
prostate cancer, mortality rates are considered
a useful and unbiased indicator for descriptive
purposes as incidence rates are usually inflated
by alarge proportion of preclinical diagnoses due
to prostate-specific antigen 10.

Recently published data for prostate-cancer
mortality trends in Argentina (from 1980 to 2001),
showed that rates had raised 2.6% annually since
1984 followed by a decreasing trend from 1998
whereas Cérdoba province rates have been de-
creasing since 1980 (at about 2% per year) 11.

Although it is known that interpreting tempo-
ral trends in prostate cancer incidence and mor-
tality is not simple 12, even less so in countries
where data about certain factors are not read-
ily available, in this paper we analyze prostate
mortality data. The aim of our study is to give an
overview of the magnitude and the time trends in
the rates of prostate cancer mortality identifying
the effect of age, period and cohort in Cérdoba
province and in Argentina as a whole from 1986
to 2006.

Methods
Data sources

Cérdoba is a central Argentinean province with a
population of about 3,100,000 inhabitants (about
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9% of the Argentinean population). Overall 80%
of the population of Cérdoba province is urban
with seven counties with 100,000 to 200,000 in-
habitant and only two counties with fewer than
5,000 inhabitants in the northern part of the
province, which has the lowest population den-
sity. Rural zones cover almost all of the South of
Cordoba province.

Prostate cancer (C61) mortality statistics for
Cordoba (1986-2006) and Argentina (1986-2005)
were obtained, respectively, from the Cérdoba
Ministry of Health (Department of Statistics) and
from the International Agency for Research on
Cancer at the World Health Organization (IARC-
WHO. Cancer Mondjial. http://www.dep.iarc.fr/,
accessed on 20/Feb/2009).

During the calendar period considered, dif-
ferent revisions of the International Classifica-
tion of Diseases (ICD) were used. Classification of
cancer deaths was recoded for all calendar peri-
ods according to the tenth revision of the ICD 13.

Statistical analysis

Prostate cancer age standardized mortality rates
were estimated on the basis of World Standard
population by the direct method 14 for Cérdoba
province and Argentina, and for each five year
age group (35-, 40-, 45-, 50-, 55-, 60-, 65-, 70-, 75-
and 80 or older) and expressed as ASMRx10-5.

To identify changes in trends, joinpoint re-
gression analysis was performed. The aim of this
analysis is to identify possible points where a sig-
nificant change in the linear slope of the trend (in
a log scale) is detected over the study period. In
joinpoint analysis the best fitting points, called
joinpoints, are chosen where the rate changes
significantly (the k-joinpoint model with the
minimum value of Bayesian Information Crite-
rion was selected). Each significant point that in-
dicates a change in the slope (if any) is retained in
the final model. To describe linear trends by peri-
od, the estimated annual percentage change and
95% confidence interval (95%CI) is then comput-
ed for each of those trends by fitting a regression
line to the natural logarithm of the rates using the
calendar year as a regressor variable 15. Joinpoint
software (Jointpoint Regression program. Na-
tional Cancer Institute. http://srab.cancer.gov/
joinpoint/) was used to perform this analysis.

An age-period-cohort model was then fitted
to the data. Data were tabulated into 4 five-year
periods (1986-1990 to 2001-2005) of death (in the
case of Cérdoba, the last period covered six years,
2001-2006) and 11 five-year overlapping 10-year
birth cohorts, identified by central year of birth
from 1906 to 1986. The effect of age, period of
death and birth cohort covariates on mortality



rates were estimated using a Poisson regression
model. This model assumes that the number of
deaths is a Poisson random variable with expec-
tation parameter depending on the number of
person-years and the explanatory variables 16.

Following biological plausibility criteria, age
at death and cohort of birth were chosen as ma-
jor and secondary time scale respectively. Pois-
son models were fitted sequentially. First an age-
cohort model was fitted by omitting an explicit
intercept and choosing a suitable reference for
cohort of birth (central year 1936 cohort was cho-
sen as the reference cohort). In this way, the age
at death effect will be the log incidence mortality
rates (IR) for the reference cohort and the cohort
effect will be log relative risks (RR). The log of the
fitted values from this model was then used as
an offset variable in a model with period effect.
Thus, the estimates are the age-cohort marginal
and period effects, conditional on the estimates
from the age-cohort model and will usually be
close to maximum likelihood estimates 17.

Data management, direct standardization of
rates and Poisson regression analysis were per-
formed using Stata software, version 10.1 (Stata
Corp, College Station, USA).

Results

Table 1 shows overall and age-specific age stan-
dardized mortality rates, estimated annual per-
centage change (95%CI) and the most suitable
models with estimated joinpoints for prostate
cancer from 1986 to 2006 in Cérdoba province
and Argentina. From 1986 through 2006, around
6,000 people died due to prostate cancer in Cor-
doba province.

During the study period, age-standardized
mortality rates (overall) for prostate cancer in-
creased from 14.8 to 15.9 in Cérdoba province
and from 12.6 to 15.5 per 10-5 person-years in Ar-
gentina, but in these 20 years, tendencies have
not followed a linear pattern. Overall, Argentina
showed an increase (estimated annual percent-
age change = 1.0% from 1986 to 1992 and 3.4
from 1992 to 1998) and then a decline (estimated
annual percentage change = -1.6%) in mortality
from 1998 to 2005; Cérdoba province also exhib-
ited a decline in the last decade studied (estimat-
ed annual percentage change = -1.9% from 1995
to 2006). Prostate cancer age standardized mor-
tality rates for Cérdoba province did not show
significant changes throughout the study peri-
od when different age groups were considered,
whereas Argentina showed changing patterns by
age-group. In fact, prostate cancer age standard-
ized mortality rates increased (estimated annual
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percentage change = 1.3%) from 1986 to 1996 for
men aged 55-64 and declined (estimated annual
percentage change = -1.5%) from 1996 to 2005. At
age 65-74, age-standardized mortality rates in-
creased (estimated annual percentage change =
3.6%) from 1992 to 1998 and declined (estimated
annual percentage change = -2.1%) thereafter.
There was a steady age-standardized increase
in mortality rates at age 75 or older from 1986
to 1994 (estimated annual percentage change =
1.8%) and from 1994 to 1998 (estimated annual
percentage change = 4.4%).

Age-period-cohort models showed an esti-
mated incidence mortality rate ranging from less
than 1 at age 35-39 to about 800 or 600 at age 80 or
older per 10-5 person-years for Cérdoba province
and Argentina respectively, evidencing an expo-
nential trend (Figure 1).

No period effect was evident for Cérdoba
province whereas Argentina showed a decreased
RR in 1991-1995 (RR = 0.97; 95%CI: 0.96-0.99)
and 2001-2005 (RR = 0.97; 95%CI: 0.96-0.99) with
an increased RR in 1996-2000 (RR = 1.04; 95%CI:
1.02-1.05). The cohort effect in Cérdoba province
and Argentina showed a decreasing trend toward
the younger cohorts, with a significantly lower
risk of dying from prostate cancer in men born
in 1951 (RR = 0.50; 95%CI: 0.28-0.89) in Cérdoba
province, while Argentina showed an increased
risk (RR = 1.10; 95%CI: 1.01-1.21) for the 1946
central year birth cohort followed by a decreas-
ing trend (Figure 1).

Discussion

In this study, it has been shown that prostate
cancer age standardized mortality rates had
a decreasing trend both in Cérdoba province
from 1995 and across Argentina from 1998, but
deaths from this tumor still represent 10.6% and
10.1% of deaths in men from this province and
from Argentina respectively, due to malignan-
cies. Moreover, the age-period-cohort model
showed a strong age effect in the province and in
the country; period effects were similar in mag-
nitude but with different statistical significance
and substantially different cohort effects in the
two geographical settings.

Variations in cancer distribution by sex, age,
and location may be explained by differences be-
tween countries regarding the prevalence of risk
factors, public health policies in both primary
and secondary prevention, differences in demo-
graphic compositions, environmental exposure,
lifestyles, etc 18. Overall, in developed countries,
such as the USA, the United Kingdom 19 and
Italy 20, mortality from main cancers has shown
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Table 1

Prostate cancer mortality trends (joinpoint analysis), by age group (1986-2006) in Cérdoba province and Argentina.

Age group ASMR (per 10-5 Period from EAPC Period from EAPC Period from EAPC
(years)/Place persons/years) 1986 (95%Cl) first to (95%Cl) second JP to (95%Cl)
1986 2006 to first JP second JP (or 2005/2006
2005/2006) *
55-64
Cordoba 24.5 27.8 86-96 1.6 (-3.6;7.1) 96-06 -3.6 (-8.7; 1.8)
Argentina 20.4 20.2 86-96 1.3**(0.2; 2.5) 96-05 -1.5**(-2.9;-0.2)
65-74
Cérdoba 86.5 102.6 86-98 0.9(-1.3;3.2) 98-01 -6.6 (-8.0; 10.0) 01-06 1.2(-6.5;9.5)
Argentina 87.7 96.8 86-92 0.0(-2.2; 2.3) 92-98 3.6 **(0.8; 6.5) 98-05 -2.1**(-3.0; -0.5)
>75
Cérdoba 387.6 423.2 86-92 -1.8 (-6.6; 3.2) 92-95 6.4 (-19.3; 40.3) 95-06 -1.0 (-2.6; 0.6)
Argentina 298.1 419.6 86-94 1.8*(0.9;2.7) 94-98 4.4**(0.5; 8.4) 98-05 -0.5(-1.4;0.5)
All ages
Cordoba 14.8 15.9 86-92 -0.3 (-4.1; 3.6) 92-95 4.0(-16.2;8.2) 95-06 -1.9 ** (-3.3; -0.4)
Argentina 12.6 15.5 86-92 1.0 **(0.0; 2.0) 92-98 3.4**(2.2,4.7) 98-05 -1.6** (-2.3;-0.9)

ASMR: age standardized mortality rates; EAPC: estimated annual percentage changes; JP: joinpoint; 95%Cl: 95% confidence interval.

* For the 55-64 group, the models with the best fit had 1 joinpoint. For the "all ages" group, the model with the best fit to Cérdoba data had 1 joinpoint, but

the model with two joinpoint was chosen to assist comparison with Argentina;

** Evidence at 5% level of significance that annual percentage change is greater than or less than zero.

a reduction in the magnitude of their increasing
trends in recent years while mortality cancer in
less developed countries still shows a clear as-
cendant trend 21.

Prostate cancer age standardized mortality
rates declined significantly (1.9% each year) in
the last ten years in Cérdoba in agreement with
Argentinean data (1.6% each year after 1998). A
previous national study in the period 1980-2003
had also reported a similar trend with rates rising
up to 1998 and declining from that year 11, similar
to that shown by Bouchardy et al. 10for the period
1977-1996. Other authors, however, had reported
a stabilizing of rates in the period 1966-1991 22.
Moreover, the increased rates in the later 1990s in
Argentina are consistent with trends in other Lat-
in American countries such as Brazil 23, Chile 24
and Mexico 21.

There are high incident rates of prostate can-
cer in developed countries, mainly in the USA,
where mortality rates from this disease are high,
but as in our results, trends are changing 5. In
the last years, prostate cancer age standardized
mortality rates declined by 4.17% each year in
the USA, more than double the decline rate esti-
mated for Cérdoba and Argentina 22. In the same
way, Cayuela et al. 25, in Spain, and Bosetti et al. 26
analyzing cancer mortality in the European
Union, found higher rates in the late 1980s which
declined thereafter. A recent decline in mortal-
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ity was particularly observed for prostate cancer
(estimated annual percentage change = -1.0 from
1994 to 2003) in agreement with our results.

The decline in prostate cancer mortality,
mainly in developed countries, might be attrib-
uted to screening 27 but there is no complete
agreement about its role 28. Although screening
is increasingly available in many high income
countries, its impact in reducing mortality is still
not very clear. The role of screening and health-
care policy remains controversial since there are
uncertainties about the degree of “over-diagno-
sis” and risk-benefit trade-off 29.

In Argentina, prostate-specific antigen test-
ing was introduced in around the mid 1980s but
it never became massive and is not yet included
in public health prevention programs. Another
important factor to consider and assess in Argen-
tina is the improvement in treatments, namely
earlier adoption of transurethral resection of the
prostate, as well as hormone (androgen blockage)
and radiothe-rapy for patients with locally ad-
vanced disease 26.

The aged-period-cohort models we have
used make it possible to estimate the effect of
age, cohort and period which are interesting both
for understanding the mechanisms of carcino-
genesis and for evaluating the impact of newer
diagnostic strategies and therapies on cancer
mortality 30.



Figure 1

PROSTATE CANCER MORTALITY TRENDS IN ARGENTINA

Cancer mortality: age-period-cohort modeling for males for Cérdoba province and Argentina.
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CRM: cancer mortality rate.

Age values are expressed as rates/10-5 person-years. Period of death and cohort of birth effects are expressed in relative terms against their weighted average

set to unity.
Solid line: effect estimate; dashed line: 95%CI.

Our study showed a significant age effect,
which is consistent with the known biology of this
pathology. Period of death effect showed a simi-
lar magnitude in Cérdoba province and Argen-

tina. It is interesting to note how period of death
RR follows the Argentinean hyper-inflationary
crisis 31. It is likely that in the period following
the economic crisis there were more people seek-
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ing medical attention in public health structures
than there were resources available. The 1980s
had a negative effect on economic growth in
Latin America. Conditions of inequity among
social groups characterized by very uneven dis-
tribution of income were exacerbated with the
implementation of stabilization measures that
helped to increase poverty and its extreme forms.
Furthermore, Buenos Aires, where 38% of the Ar-
gentinean population live, is a target for migrants
from rural areas and from other countries such as
Bolivia and Peru (where medical care standards
are very different from those of Buenos Aires)
seeking better conditions of life 32. Both internal
and external migrations to large cities (including
Cordoba city) contributed to the growth of the
marginalized urban periphery with significant
gaps in terms of accessibility to health care ser-
vices, housing conditions and lifestyle 33.

The cohort effect did not reach statistical
significance in Cérdoba province whereas it was
present for Argentina for the 1906 to 1921 cen-
tral year birth cohorts. Argentina in general and
Cordoba province in particular, as well as Latin
America, show an epidemiological transition
with increased life expectancy and reduced mor-
tality rates. This trend may explain the cohort ef-
fect we found.

Diet has been long implicated in the devel-
opment of prostate cancer 5. The Argentinean
population traditionally has a high consumption
of animal protein and fats obtained mainly from
red meat 34 but there are no available studies
about temporal trends in dietary intake. An indi-
rect indicator of food consumption included into
the Food Balance Sheets, given by FAO (the Food
and Agriculture Organization of the United Na-
tions) 35, reported that bovine meat consumption
decreased from 232g/person/day in 1979-1981
to 149g in 2001-2003. More recently, between the
1995-97 and 2003-2005 periods, dairy product
consumption declined from 605g/person/day
to 450g. Both foods have been linked to prostate
cancer 56, and thus, on the basis of the observed
cohort of birth effect found in Cérdoba province
and Argentina, it is likely that dietary changes op-
erate on younger generations. Although the ob-
jective of this study is not to study diet, it is worth
mentioning that the Argentinean population has
a particular dietary pattern, with a documented
profile of cancer risk 36:37. It therefore could be
worthwhile to deepen the study on the relation-
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ship between diet and prostate cancer trends
through further research.

Finally, special consideration must be paid
to the underreporting problem of this disease. In
fact, the most common difficulty when working
with mortality data is underreporting, both from
a quantitative (coverage) and qualitative (the
correct determination of cause of death) point
of view. In Argentina, the coverage level of the
Subsystem of Vital Statistics is considered good
(more than 95%) 11.

The analysis of mortality trends is an impor-
tant tool to monitor cancer control. It remains to
be further investigated the relationship between
this result with the extent of prostate-specific an-
tigen testing and different treatment modalities
in more advanced stages of the disease. However,
annual national records of treatments or screen-
ing data are not routinely gathered in Argentina,
which makes it difficult to observe trends. As
such, it will be important to improve cancer reg-
istries in our country to closely monitor future
trends in both cancer mortality in general and in
prostate cancer incidence in particular. Finally, it
is important to underline the similar results ob-
tained for Cérdoba province and Argentina. Be-
cause around 70% of the Argentinean population
is concentrated in three urban areas the study of
mortality trends in each of these areas is a good
mirror of Argentina as a whole.

Conclusions

This research presents a new and updated de-
scription of temporal trends for prostate cancer
mortality rates in Cérdoba and Argentina. Recent
declines in rates are consistent with that of some
developed countries. After reaching a peak in
the mid 1990s, prostate cancer age-standardized
mortality rates declined significantly in Cérdoba
and in Argentina by 1.9% and 1.6% each year
respectively. Moreover, the age-period-cohort
model showed a strong age effect, indicating the
correlation between aging and prostate cancer
mortality. The increased risk in the 1996-2000
period is consistent with the joinpoint results.
The birth cohort effect for Cérdoba province is
similar to the rest of the country with a decreased
risk in younger generations, though more mark-
edly in the province, which could be explained by
healthier behavioural factors.



Resumen

El objetivo de este trabajo fue describir la magnitud,
la variacion por edad y las tendencias temporales de
las tasas de mortalidad por cdncer de prdstata en la
provincia de Cordoba y en Argentina desde 1986 hasta
2006. Se ajustaron modelos joinpoint y de edad-perio-
do-cohorte con los datos de mortalidad del Ministerio
de Salud de Cordoba y de la Organizacion Mundial
de la Salud. En Argentina las tasas de mortalidad es-
tandarizada por edad aumentaron 1% y 3,4% por afio
desde 1986 a 1992 y desde 1992 a 1998 respectivamen-
te. Fue estimada una tendencia decreciente (-1.6%) pa-
ra Argentina desde 1998 y para Cordoba (-1.9%) desde
1995. Los modelos edad-periodo-cohorte tanto para
Cordoba, como para el pais, mostraron un marcado
efecto de edad. En el pais se encontré un incremento
del riesgo en el periodo 1996-2000, mientras que las
cohortes de nacimiento a partir de 1946 mostraron un
riesgo decreciente, principalmente para Cérdoba. Se
encontro una disminucion en las tasas de mortalidad
por cdncer de prostata en Cordoba y en Argentina, lo
cual podria atribuirse a mejoras en los tratamientos
en el pais.

Neoplasias de la Préstata; Tasa de Mortalidade; Salud
del Hombre
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