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ABSTRACT

Objectives: to provide up-to-date information and to analyze
recent changes in colorectal cancer mortality trends in Andalusia
during the period of 1980-2008 using joinpoint regression mo-
dels.

Patients and methods: age- and sex-specific colorectal cancer
deaths were taken from the official vital statistics published by the
Instituto de Estadistica de Andalucia for the years 1980 to 2008.
We computed age-specific rates for each 5-year age group and ca-
lendar year and age-standardized mortality rates per 100,000 men
and women. A joinpoint regression analysis was used for trend
analysis of standardized rates. Joinpoint regression analysis was
used to identify the years when a significant change in the linear slo-
pe of the temporal trend occurred. The best fitting points (the “join-
points”) are chosen where the rate significantly changes.

Results: mortality from colorectal cancer in Andalusia during
the period studied has increased, from 277 deaths in 1980 to
1,227 in 2008 in men, and from 333 to 805 deaths in women.
Adjusted overall colorectal cancer mortality rates increased from
7.7 to 17.0 deaths per 100,000 person-years in men and from
6.6 to 9.0 per 100,000 person-years in women Changes in mor-
tality did not evolve similarly for men and women. Age-specific
CRC mortality rates are lower in women than in men, which
imply that women reach comparable levels of colorectal cancer
mortality at higher ages than men.

Conclusions: sex differences for colorectal cancer mortality
have been widening in the last decade in Andalusia. In spite of the
decreasing trends in age-adjusted mortality rates in women, inci-
dence rates and the absolute numbers of deaths are still increa-
sing, largely because of the aging of the population. Conse-
quently, colorectal cancer still has a large impact on health care
services, and this impact will continue to increase for many more
years.
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INTRODUCTION

Colorectal cancer (CRC) is the second most frequently
occurring malignancy in the European Union (EU), and
the second leading cause of cancer-related death in the
Western world (1).

In Europe, CRC mortality has been declining from 13.4
to 11.5/100, 000 from 1980-1984 to 2000-2004 in women
and from 20.1 to 18.8/100,000 from 1990-1994 to 2000-
2004 in men (2). This favorable trends were observed in
most north and western countries (3), whereas trends were
less favorable in southern (particularly Spain) and most
central and eastern European countries, which had lower
mortality rates in the past (4). CRC incidence among men
increased moderately in most countries and markedly in
Austria, Croatia, Czech Republic, Slovenia and Spain.
Among women, the incidence rates were stable with some
decreases in Scotland, Northern Ireland, and Poland, con-
trasting a clear increase in Spain (5).

In the Autonomous Community of Andalusia, in
southern Spain, age-standardized CRC mortality rates in-
creased both in men and women (6). These previous
analyses were based on models of death rates within one
time period (1975-2001) and yielded the average percent
change assuming that rates increase or decrease with time
at a constant rate, though the validity of this assumption
has not been evaluated (7). The joinpoint regression mod-
el is useful for identifying and describing the occurrence
of changes in different time periods throughout trends in
data (8).
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Screening can reduce CRC mortality by early detec-
tion of CRC and cancer prevention by endoscopic iden-
tification and removal of advanced adenomas (9). Mon-
itoring current CRC mortality trends should help us to
evaluate the effectiveness of CRC screening programs
in the future. Therefore, in preparation for any type of
forthcoming CRC mass screening, the aim of this study
is to provide up-to-date information and to analyze re-
cent changes in CRC mortality trends in Andalusia dur-
ing the period of 1980-2008 using joinpoint regression
models (10).

PATIENTS AND METHODS

Age- and sex-specific CRC deaths —International
Classification of Diseases (ICD), 9" revision, codes 153-
154; 10" revision, codes C18-C21 for post-1999 deaths—
were taken from the official vital statistics published by
the “Instituto de Estadistica de Andalucia” for the years
1980 to 2008, which was the last year for which data was
available at the time of the study. Populations were esti-
mated on July 1% of each year, based on official census
information.

From the matrices of certified deaths and resident pop-
ulation, we computed age-specific rates for each 5-year
age group and calendar year and age-standardized mor-
tality rates per 100,000 men and women —at all ages and
truncated 35-64 years— using the direct method and on
the basis of the world standard population (11), and are
expressed as rates/100,000 men or women.

A joinpoint regression analysis was used for trend
analysis of standardized rates. Joinpoint regression
analysis was used to identify the years when a signifi-
cant change in the linear slope of the temporal trend oc-
curred. The best fitting points (the “joinpoints”) are
chosen where the rate significantly changes. The analy-
sis starts with the minimum number of joinpoints (e.g.,
0 joinpoints, which is a straight line, on a log scale), and
tests whether one or more joinpoints (up to 3) are signif-
icant and must be added to the model. The tests of sig-
nificance use a Monte Carlo permutation technique. In
the final model, each joinpoint (if any) informs of a sig-
nificant change in trend, and an estimated annual per-
centage of change (EAPC) is computed by each of those
trends by means of generalized linear models, assuming
a Poisson distribution. The purpose of joinpoint regres-
sion is twofold. Firstly, it is useful to detect points in
time where significant changes in the trends occur. Sec-
ondly, it can estimate the magnitude of changes ob-
served at each interval. Standardized rates and their
standard errors were used for estimation of these mod-
els. Populations following a Poisson distribution were
used for those models using age-specific rates (12). In-
crement and decrement were considered to occur when
the slope (coefficient) of the trend was found to be sta-
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tistically different from zero (two-tailed p < 0.05). If
this was not the case, the trend was considered stable.

The computation of mortality rates and their standard
errors were performed using a spreadsheet (Microsoft
Excel). Joinpoint analyses were performed using the
“Joinpoint” software from the Surveillance Research Pro-
gram of the US National Cancer Institute (13).

RESULTS

Mortality from CRC in Andalusia during the period
studied has undergone a considerable increase in absolute
numbers, rising from 277 deaths in 1980 to 1,227 in 2008
in men, and from 333 to 805 deaths in women. CRC
ranked second among the leading causes of cancer death
in both men (12.4% of all cancers deaths) and in women
(14.9% of all cancer deaths) in 2008.

Figure 1 gives the overall mortality rates due to CRC
per 100,000 in Andalusia for the period 1980-2008, in
men and women. Table I demonstrates the results of the
joinpoint regression analysis (i.e. the points at which
rates changed significantly) and the APC for each trend
in men and women.

During the period 1980-2008, adjusted overall CRC
mortality rates increased from 7.7 to 17.0 deaths per
100,000 person-years in men (EAPC: 2.6%, p < 0.05) and
from 6.6 to 9.0 per 100,000 person-years in women
(EAPC: 1.1%, p < 0.05). However, changes in mortality
did not evolve similarly for men and women. As can be
seen in figure 1, CRC mortality trend showed significant
joinpoints for both sexes: in men there was a marked in-
crease from 1980 to 1998 (EAPC 3.7%, p < 0.05), after
which mortality rates increased more slowly (EAPC 0.8%,
p < 0.05). In women, there was a marked increase from
1980 to 1996 in mortality rates (EAPC 2.9%; p < 0.05),
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Fig. 1. Age-standardized (per 100,000 world standard) mortality rates
for colorectal cancer in Andalusia (Spain), 1980-2008.
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Table I. Colorectal cancer mortality rates and joinpoint analysis (Andalusia, 1980-2008): males and females,
age-specific and age-standardized

Rates Joinpoint analyses (1980-2008)
1980 2008 APC Trend1 Trend2
1980-2008
Age groups (years) Years EAPC Years EAPC
Men
30-39 1.6 0.8 -0.8 1980-2008 -0.8
40-49 5.0 6.3 0.2 1980-2008 0.2
50-59 9.6 25.5 3.1* 1980-2002 4.0* 2002-2008 -1.7
60-69 333 73.4 3.0* 1980-2001 4.0* 2001-2008 -0.4
70-79 81.4 182.3 2.6* 1980-2004 2.9* 2004-2008 0.1
80+ 127.1 344.7 2.7* 1980-1995 5.3* 1995-2008 0.9
Crude 8.8 30.6 4.3* 1980-2001 5.2* 2001-2008 1.4*
ASR Overall 7.7 17.0 2.6* 1980-1998 3.7* 1998-2008 0.8*
ASR Truncated 9.4 17.8 2.4* 1980-2002 3.1* 2002-2008 -1.0
(35-64)
Women
30-39 1.4 1.0 -0.8 1980-2008 -0.8
40-49 4.4 6.5 1.1 1980-1995 4.7* 1995-2008 -2.3*
50-59 12.9 18.0 1.5* 1980-1995 2.7* 1995-2008 0.3
60-69 28.1 34.4 1.1* 1980-2001 2.1% 2001-2008 -3.3*
70-79 60.3 76.5 0.8* 1980-1991 4.2% 1991-2008 -0.6*
80+ 109.4 186.8 1.7* 1980-2000 3.1* 2000-2008 -2.0*
Crude 10.2 21.0 2.7* 1980-1996 4.6* 1996-2008 0.5
ASR Overall 6.6 9.0 1.1* 1980-1996 2.9* 1996-2008 -1.0*
ASR Truncated 8.4 11.9 1.1* 1980-1996 2.7* 1996-2008 -0.9
(35-64)

EAPC: estimated annual percentage change. *The EAPC is significantly different from 0 (p < 0.05).

followed by a decrease (APC -1.0%; p < 0.05). The mor-
tality sex rate ratios (M/F) increased from 1.2 in 1980 to
1.9 in 2008. Age-adjusted (35-64 years) mortality.

In men, age-adjusted (35-64 years) mortality rates in-
creased steadily from 1980 to 2002 (APC 3.1%, p < 0.05)
and then leveled off. In women, similar to the pattern ob-
served in men, rates increased from 1980 to 1996 (APC
2.7%, p < 0.05) and then leveled off (Table I).

Age-specific CRC mortality rates are lower in women
than in men, which imply that women reach comparable
levels of CRC mortality at higher ages than men.

In both men and women, age group analysis re-
vealed that for the entire study period, rates increased
significantly in all age groups older than 50 years. No
statistically significant trends were observed in the
other age groups. Of interest, joinpoint analysis distin-
guished the occurrence of two periods in males above
50 years of age: in the first period CRC mortality rates
increased and in the second period there was a leveling
off in rates. In females, similar to the pattern observed
in men, an initial increment was evident but followed
by a decrease in rates in almost age groups older than
40 years.
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DISCUSSION

Our results obtained in a Southern Spanish population
show more favorable CRC mortality trends for females
(decreasing) than males (less rapidly rising) in recent
years. In fact, the results show a steady increase in mor-
tality sex rate ratios during the period considered (1.2 in
1980 to 1.9 in 2008). More advantageous outcomes in
women than men have also been observed in Europe over
recent decades (14,15).

Several factors may have affected the variations in mor-
tality rates within the stated period, including demographic
factors, differential sex exposure to major environmental
risk factors (16) and in the access to health systems.

CRC is very much a cancer of the elderly (more than
94% of the CRC deaths occur in Andalusia that are age
50 and over) and with increasing aging of the population
the number of cases in the population may be expected to
rise further. Unlike age, there are other risk factors that
are modifiable. They include sedentary life style and obe-
sity (17), diabetes (18), smoking (19), alcohol consump-
tion (20), red and processed meats intake (21), especially
well done meat or in direct contact with fire (22).
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In contrast, fruit and vegetables intake (23) and physi-
cal exercise (24) have been considered as protective fac-
tors. However, scarce information about the prevalence
of these risk factors along time is available in Andalusia.
This knowledge could help to explain, at least partially,
the evolution of the disease pattern.

Primary prevention of CRC is a major health priority.
The promotion of well-targeted public health campaigns
for healthy eating, increased physical activity, as well as
alcohol and smoking awareness, is essential in reducing
incidence and therefore mortality rates in both men and
women in the future. In United Kingdom, 31.5% of CRC
in men and 18.4% in women could be prevented if rea-
sonable targets with respect to diet (reduced consumption
of red meat, increased fruit and vegetables), exercise
(30 min 5 days a week), reduced alcohol consumption
(3 units a day for men, 2 units for women) and weight
control were achieved (25).

In addition to primary prevention mass screening pro-
grams should be promoted, since it has been shown that
they decrease the incidence and thus mortality from this
malignancy (26). The complexity involved in the deve-
lopment of those screening programs is to include all the
factors into which the population may be grouped ac-
cording to the risk of developing CRC. Among these fac-
tors, mention may be made of the higher incidence of
CRC in males at an earlier age and the presence of a his-
tory of CRC in first-degree relatives (27).

Health-care services reform in Andalusia has been ac-
companied by major improvements in the health-care
system. There has been an increase in the number of
physicians per 100,000 population and in the number
of primary health-care centers. Although Andalusia has
no organized screening program for CRC (it is planned to
introduce it in 2010), the majority of hospitals offer
screening with colonoscopy to high-risk individuals and
it is likely that rates of informal screening have increased
over the past two decades. Thus, early detection and bet-
ter excision of adenomatous polyps (28) due to better ac-
cess to health care and better training of endoscopist,
with a consequent improved survival and to improved
therapeutic protocols (29) are the most plausible explana-
tions for the deceleration in CRC mortality trends in re-
cent years in Andalusia, even without a mass screening
program.

When it comes to interpreting our results, the limita-
tions of mortality data must be borne in mind. To study
cause-specific trends, the best approach would be to com-
bine incidence and mortality data. Due to the lack of mor-
bidity data in Andalusia, our analysis relied entirely on
mortality data in order to satisfy the criteria of continuity
and completeness (30).

A further possible limitation of the data used is linked
to the quality of death registry entries. In our country, the
accuracy of cancer death certificates has been studied,
and deaths from cancer as a whole and leading cancer
types, such as CRC, are well certified (31). Although cer-
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tification quality should be the same for both men and
women, there are no studies, to the best of our knowledge
that have assessed possible differences in death certifica-
tion between sexes. In addition, the decentralization in
the coding of mortality statistics in the 1980s led to an in-
crease in the quality of these data in Andalusia (32,33).

Another potential problem of data reliability is the
change from ICD-9 to ICD-10 codes implemented in
1999, although this cannot explain the period effects ob-
served because there were no relevant changes in defini-
tion of CRC (34) and the tendency of the main causes of
mortality has been largely unaffected by the revisions in
the ICD-10 (35). Furthermore, our study has analyzed
truncated rates (35-64 years old), in which the quality of
information on cause of death is better.

Although there are differences in the etiologies and
epidemiology of colon and rectal cancer (36), we chose to
examine colon and rectum cancers combined in order to
avoid misclassification that may occur for tumors at the
recto-sigmoid junction. In Andalusia, a detailed analysis
confirms that malignant disease of the colon is the most
frequent, accounting for 80.1% of all cases, followed by
malignant diseases of the rectum (15.4%) and recto-
sigmoid (4.1%) and tumors of the anus and anal channel
(0.4%).

In conclusion, sex differences for CRC mortality have
been widening in the last decade in Andalusia. In spite of
the decreasing trends in age-adjusted mortality rates in
women, incidence rates and the absolute numbers of
deaths are still increasing, largely because of the aging of
the population. Consequently, colorectal cancer still has a
large impact on health care services, and this impact will
continue to increase for many more years.
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