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Abstract
Objective. To assess the age, period and cohort effects 
on breast cancer (BC) mortality in Mexico. Material and 
Methods. Age, period and cohort curvature trends for BC 
mortality were estimated through the Poisson Regression 
model proposed by Holford. Results. Nationally, BC death 
rates have leveled off since 1995 in most age groups. BC 
mortality trends are mainly determined by birth cohort and 
age effects in Mexico. Women born between 1940 and 1955 
show the highest rate of increase in BC mortality. Women 
born afterwards still show an increasing trend but at a much 
lower rate.  Mammography and adjuvant therapy have had a 
limited impact on mortality. Potential reasons for observed 
patterns are discussed. An increase in BC mortality in Mexico 
is expected in the following decades. Conclusions. Mam-
mography screening programs and timely access to effec-
tive treatment should be a national priority to reverse the 
expected increasing BC mortality trend.
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Resumen
Objetivo. Evaluar efectos de edad-periodo-cohorte en la 
mortalidad por cáncer de mama (CaMa) en México. Material 
y métodos. Las tendencias de los efectos de edad-periodo-
cohorte fueron estimados mediante un modelo de regresión 
de Poisson propuesto por Holford.  Resultados. Las tasas 
de mortalidad por CaMa se han estabilizado en la mayoría 
de los grupos de edad desde 1995 y están determinadas 
principalmente por efectos de cohorte y edad. Las mujeres 
nacidas entre 1940 y 1955 muestran los mayores aumentos 
en la mortalidad en comparación con las nacidas después de 
este período. La mamografía y la terapia adyuvante han tenido 
un impacto limitado sobre la mortalidad.  Se discuten posibles 
explicaciones  de las tendencias observadas. En las siguientes 
décadas se espera continúe aumentando la mortalidad por 
CaMa. Conclusiones. El acceso a mamografía y a tratamiento 
oportuno y efectivo debieran ser una prioridad para revertir 
la tendencia creciente esperada de la mortalidad por CM. 
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Breast cancer became the leading cause of female 
cancer deaths after cervical cancer in 2005, with a 

steadily increasing trend in Mexico.1 Breast cancer death 
rates vary by a factor of four between the highest and 
lowest rates in the world and Mexico has a low breast 
cancer death rate on a worldwide scale.2 However, 
breast cancer mortality is increasing more rapidly in 
countries in Latin America and Asia which have the 
lowest incidence rates (7 to 14/100 000) compared to 
those with the highest rates (17 to 27/100 000).3
	 The interpretation of breast cancer mortality trends 
is complicated because they might be the combined result 
of changes in risk factors and screening practices as well 
as better survival due to treatment improvements. One 
way of disentangling these effects consists in attempt-
ing to separate age, period and cohort effects implied 
in the trends through an appropriate statistical model. 
In such analysis, period effects may capture mainly the 
effects on breast cancer death rates of factors related 
to improved survival such as screening and adjuvant 
therapy, whereas cohort effects may give some clues of 
risk factors changing the incidence of the disease.
	 The aim of this paper is to characterize the age, 
period and cohort effects of breast cancer mortality in 
Mexico and to better explain the role of advances in early 
detection and treatment and changes in reproductive 
and other breast cancer risk factors that may have taken 
in place in the country over the past three decades. 

Materials and Methods
Mortality data

Individual BC deaths occurring in women between 
1980 and 2005 were obtained from the official mortality 
databases generated by Mexico’s National Institute of 
Geography and Statistics (INEGI, per its abbreviation 
in Spanish). The basic cause of death was coded in these 
databases using the ninth revision of the International 
Classification of Diseases (ICD-9) between 1980 and 1997 
and the tenth revision afterwards (ICD-10). According 
to a WHO ICD translator,4 ICD-9 breast cancer codes 
(174.0-174.9) map only to ICD-10 breast cancer codes 
(C50.0-C50.9) and vice versa.
	 Official mid-year female population estimates at 
the state level were obtained from the Mexico’s National 
Population Council (CONAPO, per its abbreviation in 
Spanish) for 1980 through 2005.5 Population estimates 
were available in five-year age groups throughout the 
analyzed period and in single-year of age for 2005. 
Some of the statistical analyses presented in this study 
required population estimates by single-year of age. 
Thus, for 1980 through 2004 we generated such estimates 

by applying the single-year of age proportions within 
each five-year age group observed in 2005 to the five-
year age groups population estimates observed in each 
year between 1980 and 2004.

Statistical analysis 

All statistical analyses were confined to women aged 
25 and older. Age adjusted death rates were calculated 
through the direct method6 using, in all instances, the 
national population estimates for 2005 broken down by 
five-year age groups. 
	 Trends in the absolute number of breast cancer 
deaths or the corresponding death rates were modeled 
through joinpoint Poisson regression using the Joinpoint 
Regression Program.7 Joint point regression is a non-
linear statistical technique aimed at identifying changes 
in trends in the response variable over the analyzed 
period (i.e. deaths or death rates).8 Unknown points in 
time at which the response changes in trend (joinpoints) 
are identified by the grid search method. Models with 
a variable number of joinpoints (0 through 4) are then 
compared through permutation tests with p-values 
found by Monte Carlo methods and a Bonferroni cor-
rection to maintain an overall asymptotic significance 
level. The final model consists of a series of lines with 
different slopes connected together at the joinpoints.
	 Age (a), period (p) and cohort (c) curvature trends 
for breast cancer mortality (l) were estimated through 
the following Poisson Regression Age-Period-Cohort 
(APC) model, proposed by Holford:9

Logl(a,p,c)= µ+[ba+bp]a’+[bp+bc]c’+a(a)+p(p)+g(c)

where a’ and c’ are the curvature components of the 
age and cohort effects, [bp+bc] is called the “net drift 
parameter” indicating the overall direction in which the 
mortality trend is moving, and a, π and g are the param-
eters describing the age, period and curvature trends. 
The net drift parameter was extracted using Holford’s 
naive average. The model was fitted so that age effects 
are presented as death rates for the reference cohort. 
Additionally, cohort effects represent death rate ratios 
relative to the reference cohort, whereas period effects 
are constrained to be 0 on average with 0 slope.
	 The APC model just described was fitted using 
national information on deaths and population between 
1980 and 2005 for women aged 25 through 85 years and 
born between 1905 and 1975. The model was fit on a 
tabulation of deaths and populations using single-years 
of age and period to avoid overlapping cohorts and to 
give more detail to the trends. Natural splines with 
seven parameters for the age, period and cohort terms 
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were incorporated in the APC modeling to reduce ran-
dom variation due to the use of such detailed tabulation. 
The same APC model was also fit for four Mexican state 
clusters, created from an analysis published by Tuiran et 
al. for the calendar year in which each state reached an 
overall fertility rate of three children or less.10 Using the 
results from these models, directly age-adjusted death 
rates were calculated for the analyzed birth cohorts us-
ing the 2005 national population as standard.
	 All APC modeling was performed using the imple-
mentation provided by Carstensen11 in the R Statistical 
Package.12

Results
Between 1980 and 2005, a total of 67 854 breast cancer 
deaths were observed in Mexican women. Only 172 
(0.25%) of those occurred in women younger than 25 
years of age and 199 (0.25%) had an unknown age. Over 
the analyzed period, the mean age at death from breast 
cancer remained very close to an average of 57.3 years 
(standard deviation= 0.38). In addition, the population 
age distribution for Mexican women aged 25 and older 
over the analyzed period has also remained close to an 
average age of 44.7 years (standard deviation= 0.24).
	 Figure 1 plots the annual number of breast cancer 
deaths in Mexican women aged 25 and older as well 
as their fitted trends. Three trend periods with slopes 

significantly different from zero are identified. Between 
1982 and 1987 the absolute number of breast cancer 
deaths in Mexican women aged 25 and older grew 8.3% 
annually. After this period, breast cancer deaths have 
increased at increasingly lower rates (5.6% between 
1987 and 1995 and 3.6% between 1995 and 2005).
	 Age-specific breast cancer death rate trends for 
five age groups are shown in figure 2. A clear gradient 
of higher breast cancer death rates with increasing age 
is observed throughout the analyzed period. The four 
younger age groups comprising Mexican women be-
tween 25 and 74 years of age show very similar trends 
between 1980 and 2005. In these age groups death rates 
increased annually between 2.6 and 3.5% during the first 
13 to 15 years of the analyzed period, but afterwards 
death rates show annual increases not statistically sig-
nificant from zero. On the other hand, Mexican women 
aged 75 years and older show an annual death rate 
increase of 4.9% between 1980 and 1987 and a 1.2% 
increase between 1987 and 2005. 
	 Figure 3 graphically presents the estimated age, 
period and cohort female breast cancer mortality ef-
fects. Death rates by age for the 1940-1941 birth cohorts 
are plotted on a logarithmic scale. Breast cancer death 
rates increase very fast between 25 and 35 years of age 
and continue to increase with increasing age, albeit at 
lower rates. The fitted APC model implies that this age 
effect is constant among birth cohorts and periods. The 

Figure 1. Annual breast cancer deaths in Mexican 
women aged 25 years and older. Dots represent the 
observed number of breast cancer deaths. Lines were 
obtained using joinpoint Poisson regression on death 
counts. Continuous lines are line segments with year 
slopes significantly different from zero. Annual per-
cent change is provided for significant line segments
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Figure 2. Breast cancer death rate trends in Mexican 
women by age group. Lines were obtained using jo-
inpoint Poisson regression. Continuous lines are line 
segments with statistically significant year slopes. 
Annual percent change is provided for significant 
line segments
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birth cohort effect on breast cancer death rates is shown 
as death rate ratios with respect to the 1940-1941 birth 
cohorts. It consists of higher breast cancer death rates 
in the more recent cohorts born after that period (1940-
1941) in contrast to earlier cohorts born at the beginning 
of the 20th century; the latter are estimated to have almost 
one-half the breast cancer death rates estimated for the 
1940-1941 birth cohorts and almost one-third of those 
estimated for the 1975 birth cohort. In addition, breast 
cancer death rates increase more rapidly in women born 
between 1935 and 1950 and considerably more slowly 
in women born afterwards. Finally, as it was expected, 
the estimated period effect, also expressed as death rate 
ratios, shows a much lower intensity than the age and 
cohort effects. Nevertheless, breast cancer death rates 
show a slight increase during the 1980s, a leveling off 
during the first half of the 1990s and a continuous slight 
decrease afterwards.
	 Using information on the year that Mexican states 
reached a global fertility rate of three children per 
woman we created four state clusters with a roughly 
similar population. Table I summarizes fertility and 
breast cancer mortality patterns for the created clusters. 
All state clusters had similar fertility patterns in 1965, 
but global fertility rates in states belonging to cluster A 
had a faster decline in fertility than those observed in the 
other state clusters, especially cluster D. Additionally, 
states in cluster A also showed the lowest marginality 
index and those in cluster D, the highest. Cluster states B 
and C showed an intermediate average marginality and 
also higher variability in marginality than regions A and 
D. Between 1980 and 2005, all state clusters showed a 
non-linear adjusted death trend with a progressively de-
creasing slope. Annual percent changes in age-adjusted 
death rates during the most recent analyzed decade 
(1996 to 2005) differ between state clusters. Cluster B 
shows a significant rising trend, whereas the rest of the 
clusters show no significant trend. Nevertheless, cluster 
A may possibly have a slight decrease in breast cancer 
mortality and clusters C and D a slight increase during 
the last analyzed decade.
	 Figure 4 plots the age-adjusted breast cancer death 
rates for birth cohorts for women aged 25 and older 
derived from fitting the Holford Age-Period-Cohort 
model in each of the state clusters. These rates can be 
compared to the observed breast cancer death rate in 
Mexico in 2005 of 15.5 per 100 000 women for this age 
group. In all cohorts, breast cancer death rates are higher 
in cluster states with faster fertility declines. Also, the 
most recently born cohorts show less variability in breast 
cancer death rates among state clusters. Additionally, 
the rising trend of breast mortality in the most recently 
born cohorts is seen in all state clusters but it is more 

Figure 3. Age, period and cohort effects for female 
breast cancer mortality in Mexico, using the Holford 
Age-Period-Cohort model. Age effects are death rates 
per 100 000 person-years for the reference cohort. 
Cohort effects represent death rate ratios relative 
to the reference cohort (1940-1941). Period effects 
are also death rate ratios relative to a zero slope. The 
net drift parameter was estimated at 1.017
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pronounced in cluster D. If the population age structure 
is held constant at 2005 levels, women born after 1955 
residing in different Mexican regions are expected 
to have breast cancer death rates between 18 and 26 
per 100 000. In addition, breast cancer death rates for 

women more recently born in regions B and C have a 
lower mortality rate than women born in 1960. However, 
because these cohorts contain fewer observations, 95% 
confidence intervals for these rates overlap.

Discussion
Breast cancer death trends presented in this paper must 
initially be interpreted in terms of several potential 
artifactual explanations. First, mortality data might be 
affected by underreporting of deaths and by whether 
the death is certified or not by a physician, especially in 
poorly developed areas of Mexico during the first half of 
1980s. During the 1990s and in more recent years, rising 
trends in breast cancer mortality could be explained to 
some extent by better diagnosis and reporting as more 
physicians and health care units became available in these 
areas. Second, ICD coding changes and population ageing 
can also artificially affect mortality trends. However, as 
mentioned in the methods section, no significant changes 
in ICD coding happened for breast cancer between the 
ninth and the tenth revisions of the ICD. Also, data 
shown here are either presented using age-adjusted or 
age-specific death rates. Therefore, neither ICD changes 
nor population ageing are likely explanations for the 
observed breast cancer mortality trends.
	 Secular trends in breast cancer mortality are the 
result of both survival and incidence changes. Over the 
past three decades, earlier disease detection through 
increased social awareness and mammographic screen-

Figure 4. Age-adjusted breast cancer death rates 
for birth cohorts in four fertility regions in Mexico. 
Death rates are for women aged 25 and older and were 
derived from the fitted Holford Age-Period-Cohort 
model. Death rates were directly adjusted using the 
national population estimates for women in 2005

Table I

Fertility and breast cancer mortality patterns of analyzed Mexican state clusters

Cluster States
Global fertility 
rate (GFR) in 

1965*

Year State 
reached a 
3.0 GFR*

Average margi-
nality index‡ in 
2005 (standard 

deviation)

Total 
Deaths 

analyzed

Total
person-years 

analyzed

1996-2005 Annual percent 
change in age-adjusted 
death rates (95% C.I.)§

A
Baja California, Baja California Sur, Co-
lima, Distrito Federal, Morelos, Nuevo 
León, Sinaloa, Sonora, Tamaulipas

6.6 1983-1990 -1.1 (0.5) 24 303 134 967 290 -0.5 (-1.4, 0.5)

B Chihuahua, Coahuila, México, Veracruz 6.9 1991-1992 -0.2 (0.8) 15 544 120 846 223 1.1 (0.5, 1.7)

C

Aguascalientes, Campeche, Durango, 
Guanajuato, Hidalgo, Jalisco, Michoacán, 
Nayarit, Querétaro, Quintana Roo, 
Tabasco

7.5 1993-1997  0.0 (0.5) 17 289 137 777 343 0.4 (-0.3, 1.1)

D Chiapas, Guerrero, Oaxaca, Puebla, San 
Luis Potosí 8.0 1999-2000  1.6 (0.8) 6 738 80 907 648 0.4 (-0.9, 1.7)

*	Data taken from Tuiran et al.11 
‡	 Weighed by the total number of women aged 25 years and older in each state
§	 Annual percent change obtained from Poisson joinpoint regression of age-adjusted death rates in Mexican women aged 25 and older against calendar year. 

Death rates were directly adjusted using the national population estimates for women in 2005
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ing as well as the introduction of adjuvant endocrine 
therapy and more aggressive surgery have dramati-
cally improved breast cancer survival.13 As a result, in 
many developed countries breast cancer mortality has 
been declining since the first half of the 1990s.14-19 This 
mortality decline is explained by both mammographic 
screening and treatment improvements. Thus, a ris-
ing breast cancer incidence20-22 with the progressive 
predominance of cases in earlier stages, as would be 
expected with effective screening,23,24 has been observed 
concomitantly with the reduction in breast cancer death 
rates. Also, the widespread use of adjuvant endocrine 
therapy at least partially explains the changing breast 
cancer mortality trend observed in the 1990s.25,26 
	 Our results indicate that even when crude breast 
cancer death rates in women show an increasing trend 
in Mexico, the slope has progressively declined, espe-
cially since 1995. Additionally, since that year most age 
groups show a flattening breast cancer death rate trend, 
whereas death rates for women 75 and older continue 
to increase at 1.2% annually since the late 1980s. Our 
age-period-cohort analysis also shows a slight down-
ward trend in death rates since 1995, indicating limited 
survival improvements in Mexico due to screening and 
adjuvant therapy. In fact, the five-year breast cancer 
survival in Mexico during the 1990s was close to 60%,27 
a much lower figure than that observed in developed 
countries.28 
	 Despite the existence of official recommendations 
for breast self-examination and mammography since the 
early 1990s,29 screening coverage has been very limited. 
Breast cancer cases continue to be detected by women in 
90% of instances and therefore they seek health care at 
an advanced stage,30 and a national survey conducted 
in 2006 indicates that only 16% of Mexican women had 
a breast cancer screening procedure.31 
	 Although no specific data regarding adjuvant 
therapy use in Mexico exist, it likely was available for 
widespread use at roughly the same time than in de-
veloped countries. In the absence of effective screening 
strategies in the country and given a possibly rising 
breast cancer incidence, adjuvant therapy may be the 
main factor explaining the change in trends associated 
with calendar time observed in this analysis. The fact 
that we did not observe a reduction in death rates in 
mortality in any age group but only that rates stopped 
increasing in most of them suggests that the costs of 
adjuvant therapy have precluded its use in uninsured 
lower socioeconomic status Mexican women suffering 
from the disease. The Mexican health insurance pro-
gram for the poor (seguro popular) has only recently 
incorporated breast cancer treatment in its coverage.32 
	 Mexican women with breast cancer may benefit 

even more by adequately tailored screening programs 
and increased access to effective therapy. Such programs 
should be accompanied by adequate health education 
strategies to ensure that all Mexican women are aware 
of the benefits of mammographic screening and early 
breast cancer recognition and treatment. In developed 
countries, screening has been responsible for a 20 to 
30% reduction in mortality and adjuvant therapy for 
an additional 5 to 10%.33-36 
	 Our age-period-cohort analysis also gives clues 
regarding breast cancer incidence trends. Incidence 
trends are captured in our analysis in the strong cohort 
effects detected. We found that breast cancer death rates 
have steadily increased in Mexican women born in the 
first three-quarters of the 20th century. Such increase 
was however higher for women born between 1940 and 
1955 and lower afterwards. 
	 Breast cancer etiology is complex and some risk 
factors may have differential effects in cases arising 
before and after menopause. In spite of this, epidemio-
logic studies in both types of cases have found several 
reproductive risk factors indicating greater exposure 
to endogenous hormones associated with breast cancer 
risk, especially estrogens but possibly also progesterone. 
These factors include early age at menarche, late age at 
menopause, late age at first full-term pregnancy and 
nulliparity. On the other hand, multiple full-term preg-
nancies, surgical removal of ovaries and breastfeeding 
are associated with a lower risk of developing breast can-
cer.37,38 In addition, use of both oral contraceptives and 
hormonal replacement therapy cause a small increase 
in breast-cancer risk. Obesity and alcohol consumption 
and certain mutations also increase breast cancer risk, 
whereas physical activity is probably protective.39 
	 There is very limited information on trends in 
risk factors for breast cancer in Mexico and therefore 
we can only speculate on an explanation for the rising 
incidence trends in Mexico suggested by our analysis. 
We had, however, information on trends in fertility rates 
in Mexican states, an aggregate measure of reproductive 
breast cancer risk factors. As part of the demographic 
transition, fertility rates have dramatically fallen in 
Mexico, especially between 1974 and 1984, as a result 
of a birth control program including oral contraception, 
intra-uterine devices and surgery,10 but the fertility de-
cline was faster in general in more developed Mexican 
states. In our analysis, we grouped the Mexican states 
into four clusters according to the speed of their fertil-
ity decline and identified trends by birth cohort. We 
found in all four state clusters strong cohort effects 
and a similar pattern with a period of faster increase 
in mortality associated with the cohort of birth, which 
occurred at earlier birth cohorts in regions with faster 



S163salud pública de méxico / vol. 51, suplemento 2 de 2009

Breast cancer mortality in Mexico Artículo original

fertility declines and progressively at later birth cohorts 
in regions with slower fertility declines. Additionally, 
birth cohorts with very fast increases in mortality cor-
respond to those likely to have benefited more from 
the birth control program in their reproductive ages. 
It seems unlikely that these trends can be explained 
only by improvements in death certification or access 
to health care that mainly occurred in region D. 
	 A cross-sectional relationship between fertility and 
breast cancer death rates in Mexico has been reported 
previously.40 In addition, a similar association between 
birth cohort mortality and fertility trends has been 
observed in Russia and Ukraine,41 whereas other analy-
ses have linked fertility increases in women who bore 
children during the post-World War II period to breast 
cancer mortality reductions in developed countries.42 
	 It is also conceivable that the rising mortality ob-
served in the most recent birth cohorts in Mexico is the 
result, to some extent, of their greater exposure to non-
reproductive breast risk factors such as obesity, western 
dietary patterns and alcohol consumption. In Latin 
America, substantial rapid changes are documented in 
patterns of foods and drinks that may reduce the risk of 
some dietary deficiencies but can also carry adverse shifts 
in the composition of diets, such the increasing energy 
intake from fats and oils an added sugar that are related 
with breast cancer risk with the concomitant increase in 
the incidence of obesity. In Mexico, the highest rates of 
breast cancer are observed in northern states along the 
Mexico-U.S. border where the Mexican diet has had a 
more rapid transition to a high energy U.S. diet.43 
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