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Abstract
Background—The trend in cervical can-
cer mortality in Spain from 1951 to 1991 is
examined.
Methods—Analysis of national mortality
statistics calculating age standardised
mortality rates and an age-period cohort
analysis. A fit to the Gompertz function
was made to estimate the influence of the
environmental factors on the mortality
rates evolution.
Main results—The age standardised mor-
tality rate in Spain is lower than in other
developed countries (USA or Estonia) and
equal to Norwegian and Finland rates; but
whereas in these countries the trend is to
decrease, the Spanish rate has increased
during this period, because of a cohort
eVect. A misclassification bias could be
responsible for the trend in women aged
40 and older but the increasing trend in
younger women could not be interpreted
as espurious. The Gompertzian analysis
suggests an increase in environmental
factors causing cervical cancer.
Conclusions—Cervical cancer mortality
rates are increasing in Spain because of
environmental factors.
(J Epidemiol Community Health 1999;53:408–411)

Cervical cancer mortality has been decreasing
in developed countries for several decades.1–6

This decrease is attributable to, at least in part,
a widespread use of screening and early
treatment. We analyse the mortality data of
cervical cancer in Spain from 1951 to 1991
using a graphical approach to delineate age,
period, and cohort eVects, and the Gompertz
function. The Gompertz analysis has its utility
in measuring changes in competitive, genetic,
and environmental factors influencing mor-
tality rates. It does not allow the identification
of changes in specific factors but the generation
of hypotheses about them. The purpose of this
paper is to identify temporal changes that
might possibly be related to variations in envi-
ronmental or lifestyle factors.

Methods
Deaths from cancer of the cervix uteri were
obtained from Spain’s National Institute for
Statistics (SNIS),7 for the years 1951 to 1991.
The SNIS has death records for the overall
Spanish population, obtained from oYcial cer-
tificates of death. Death rates per 100 000 per-
son years were calculated using decennial
(1950, 1960, 1970, 1981, 1991) census popu-
lation figures.8 Intercensal populations were
estimated by exponential interpolation. Age
standardised mortality rates were computed by

the direct method using a world standard
population.9

A diYculty in interpretating cervical cancer
mortality trend is a feasible misclassification of
causes of death. Sánchez Garrido et al analysed
accuracy of death certificates related with
uterus cancer in a Spanish province (Girona)
between 1985 and 1989.16 They found that
24% of deaths (20 of 85) under the rubric
“uterus not otherwise specified” were actually
cervical cancer. To check out the impact of this
misclassification in our results, we carried out a
sensitivity analysis on age specific mortality
rates: mortality figures in 1961, 1971, 1981,
and 1991 under the rubric “uterus not
otherwise specified” (UNOS) were obtained.
Next, for each age group and for each period
1961–1991, 1971–1991, and 1981–1991, we
calculated the percentage of deaths certified as
UNOS needed to invert the trend of cervical
cancer mortality.

Age-period cohort analysis was made using
the surfaces approach by Jolley and Giles.10

They use a synoptic method similar to a topo-
graphic map with age and calendar time as its
ordinates, and display lines named “isoth-
anats” connecting points of approximately
equal interpolated values. To make this analysis
we used the Mathematica software version 2.0
for Windows.11

Gompertz analysis has been widely used as a
descriptor of general and disease specific
human mortality.12–14 Gompertzian function
assumes an exponential relation between age
and mortality rates (Rx = R0e

áx), where Rx is the
mortality rate at age x, R0 is a theoretical mor-
tality rate at birth, and e is the base of the natu-
ral logarithm. This relation can be analysed
easily using a logarithmic transformation
(equation 1).

The Gompertzian analysis has two steps:
transversal and longitudinal. In transversal
analysis, age specific mortality rates at 25 and
over and age are fitted using linear regression
(equation 1). So a set of lines is obtained (one
for each year), each determined by two
coeficients: the slope á and the independent
term Ln R0. As usual, the independent term is
the ordinate value when x=0; that is, it is a
theoretical mortality at birth. This mortality is
actually an extrapolation out the age range
used—25 and over—and it cannot, strictly
speaking, be considered a mortality rate.

The second step is a longitudinal analysis of
the evolution of the lines obtained in the first
step. To that end, we study how changes in á
are conditioned by changes in Ln R0. Biological
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sense of this evolution is given by the Strehler-
Mildvan modification (equation 2).15

The interpretation of these parameters is: K
is an aggregation of the environmental factors
influencing cervix uteri mortality. For example,
K includes factors such as sexual habits or
screening coverage. K can be estimated by sus-
tituying in equation 2.

R0 is the result of two kind of factors:
competing mortality risks and age independent
environmental factors. For example, a compet-
ing mortality risk could be a disease increasing
its mortality at early ages but not at late ages;
that would cause a decrease in mortality by
cervical cancer at early ages. On the other
hand, a new hypothetical non-curative treat-
ment against cervical cancer applied in earlier
ages would decrease mortality rate at these ages
but would increase it later.

Finally, B is the aggregation of genetic
factors influencing cervical cancer mortality. It
can be considered constant for a short period
of time. In each year N let us consider BN as the
change of á as a function of the change in Ln R0

(equation 3). Then B can be estimated as the
median of BN.13 In a previous report we have
pointed out the mathematical drawbacks of this
procedure.14

The Gompertzian analysis was restricted to
the period 1961–1991. From 1951 to 1960 the
SNIS gave its data in wide age groups stratify-
ing people aged 65 and over, whereas from
1961 on it oVered five year strata.

Results
Figure 1 shows the evolution of age adjusted
and age specific (for selected age groups) mor-
tality rates from 1951 to 1991. Age adjusted

mortality has increased from 0.32 in 1951 to
1.69 deaths per 100 000 women. The slope was
almost constant from 1962 to 1991 therefore a
constant increase rate has occurred; however
from 1951 to 1961 the trend was irregular and
with a greater slope. Simular shapes can be
shown for age specific mortality rates.

Table 1 shows the results of the sensitivity
analysis. If the percentage of misclassification
described by Sánchez Garrido et al (24%)
could be extended to all the period analysed
here, it can modify the trend (from increase to
decrease) in 40–69 year old women, but a
much larger misclassification (50% and over) is
necessary to explain the increase in 25–39 year
old women mortality rates.

To make an age, period, and cohort analysis
we perform a three dimensional graph with the
age at death as the x axis, the calendar year as
the y axis, and the mortality rate as the z axis.
Mortality rate presents a trend to increase with
calendar year and age in this figure (not
shown).

Figure 2 displays a projection of this three
dimensional graph on the xy plane. To
interpretate the figure, the clearer the grey scale
the higher the mortality rate; the isothanats are
the limit lines between two levels of grey, and the

Figure 1 Age adjusted and age specific (for selected age groups) mortality rates. Spain, 1951–1991.
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Table 1 Sensitivity analysis for misclassification bias of
cause of death. Figures show the cut point (in percentages)
of deaths certified as “uterus otherwise not classified”
needed to invert the trend of cervical cancer mortality

Age

Period

1961–1991 1971–1991 1981–1991

25–29 51 26 56
30–34 72 47 75
35–39 47 105 295
40–44 14 29 −3
45–49 11 19 25
50–54 11 13 28
55–59 16 9 24
60–64 15 10 3
65–69 19 17 2
70–75 26 21 60
75–79 20 24
80–84 19 13
85 and over 10 −6
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oblique white lines are the birth cohorts. The
isothanats deviate toward decreasing age when
calendar year increases. This is interpreted as an
increase in mortality. Finally, the evolution of the
mortality at equal age can be seen going
vertically from the bottom to the top: the later
birth cohorts are associated with a higher
mortality; for example, let us consider mortality
rates at 55 years: if we go over a vertical line with
abscissa=55, we cross diVerent levels of grey
from darker (in 1970) to clearer (in 1990),
showing higher rates. To study if one period

eVect is present, for example in 1980, go over a
horizontal line with ordenate 1980. If one period
eVect is present, all, or almost all, isothanats
could show a simultaneous change of direction.
Such eVect is not apparent in figure 2.

Table 2 shows the coeYcients of the
Gompertz function for every year: á, Ln R0 and
r (linear correlation coeYcient). Except for
1972 (r = 0.44; p > 0.05), r was between 0.82
and 0.92 (p < 0.05 for all cases). B is obtained
from equation IV, (0.0173, 95% CI: 0.0162,
0.0194). Evolution of Ln K, calculated with
this value of B, is presented in table 2: an
increase from values lower than 4 in the 1960
decade to values greater than 4 in 1980 decade
can be appreciated. An anomalous behaviour
for 1968–70 can be attributed to a change in
the International Classification of Diseases
(from 7th to 8th revision): for example,
mortality rate increases from 2.2 per 100 000
women aged 65–69 in 1967 to 5.2 in 1968, and
returns to 2.4 in 1971.

Discussion
Age adjusted mortality attributable to cervical
cancer in Spain is increasing at least from 1951,
whereas in other developed countries the
opposite has been observed.1 2 For example,
USA mortality has decreased by about 73%
since 1950. Despite these trends, the mortality
rate in Spain is lower than in USA (2.9 deaths
per 100 000 white women and 7.6 deaths per
100 000 black women)3 and some Nordic
countries (3.8 per 100 000 in Estonia),4 but it
is similar to Norwegian rates (1.4 per 100 000
in 1991 after an important decrease from 6.6
per 100 000 in 1960)6 and Finnish rates (1.6
per 100 000).4

A misclassification rate of cause of death lower
than 24% could explain trend in women aged 40
and over (24% in table 1). Nevertheless, this
explanation does not explain the trend observed
in younger women for the whole period, as mis-
classification should be higher than 50%, and
almost impossible for the 1981–1991 period, as
it should be greater than 200%.

To analyse the causes of this increase an age-
period cohort analysis was made. If a period
eVect is present, all the isothanats must change
in the same way at the same ordinate. This effect
is not appreciated in the figure 2 and a period
eVect can be discarded. The increase in the
mortality rates is common to all cohorts, so the
main eVect in this increase is a cohort one.

The increase in Ln K by the Gompertzian
longitudinal analysis means that changes in
mortality can be attributed to environmental
changes.

The interpretation of the trend in cervical
cancer mortality is more diYcult than in other
cancers because there are several factors influ-
encing incidence and mortality. These factors
include changes in sexual habits, oral contra-
ceptive use, tobacco smoking, sexually trans-
mitted diseases (papillomavirus), changes in
case-fatality rates, and extension and distribu-
tion of screening.1 2 17–19

Cervical cancer mortality rate in Spain was
very low from 1951 to 1970. Until 1960 official
statistics7 included data from wide age groups,

Figure 2 Mortality rates by age at death (x axis) and year of death (y axis), Spain,
1971–1991. The more grey level, the more mortality rate. Solid black lines connect points
with equal mortality rate. Birth cohorts are indicated by oblique white lines.
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Table 2 Cervical cancer mortality, Spain, 1961–1991.
Gompertzian analysis

Year Ln R0 á r p< Ln K

61 −3.4084 0.0616 0.86 0.001 3.67
62 −3.4608 0.0641 0.83 0.01 3.91
63 −3.4895 0.0637 0.87 0.001 3.83
64 −2.7941 0.0558 0.82 0.01 3.62
65 −2.4586 0.0501 0.83 0.01 3.30
66 −3.7253 0.0630 0.86 0.001 3.51
67 −3.1247 0.0579 0.90 0.001 3.52
68 −3.3985 0.0746 0.90 0.001 5.18
69 −3.3802 0.0717 0.89 0.001 4.86
70 −3.6691 0.0733 0.92 0.001 4.76
71 −2.8898 0.0542 0.89 0.001 3.34
72 −1.6112 0.0297 0.44 NS 1.80
73 −2.9880 0.0535 0.82 0.001 3.16
74 −3.0876 0.0583 0.85 0.001 3.61
75 −2.8359 0.0548 0.88 0.001 3.47
76 −3.1208 0.0635 0.90 0.001 4.17
77 −2.8835 0.0589 0.87 0.001 3.89
78 −2.8891 0.0620 0.92 0.001 4.23
79 −3.0327 0.0646 0.92 0.001 4.39
80 −2.4630 0.0552 0.86 0.001 3.88
81 −2.6208 0.0587 0.88 0.001 4.13
82 −2.5532 0.0575 0.92 0.001 4.05
83 −2.4483 0.0564 0.85 0.001 4.04
84 −2.5229 0.0587 0.88 0.001 4.23
85 −2.9568 0.0667 0.88 0.001 4.71
86 −1.9941 0.0510 0.88 0.001 3.87
87 −2.4836 0.0599 0.89 0.001 4.40
88 −1.8506 0.0511 0.83 0.001 4.02
89 −2.0552 0.0550 0.88 0.001 4.27
90 −2.3771 0.0599 0.83 0.001 4.51
91 −1.8724 0.0517 0.84 0.001 4.07
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therefore age adjusted mortality until this year
cannot adequately control for age; probably,
this is the main reason of the first increase for
all age groups.

Low rates until 1975 can be attributable to
dominant sexual habits (late initiation of sexual
intercourse, one partner only, late introduction
of hormonal contraception, inclusion, until
1976, of adultery in penal laws, etc). From 1975
and with the establishment of democracy great
social changes were observed, including modifi-
cations in sexual habits, probably accompanied
by an increase in papillomavirus transmission.
Young women are more sensible to these
changes. Indirect data support this hypothesis;
for example an association between cervix uteri
mortality rates and oral contraceptives use.20

Because of the large latency period of cervical
cancer, these factors could increase the cervical
cancer incidence in posterior decades.

Ecological studies show a decrease in
cervical cancer mortality from 1950 onwards in
countries with well organised screening
programmes.19 21–23 In Spain, a screening pro-
gramme with Papanicolau smear by the
National Health Service was started in the
mid-1970s and oVered by family planning
clinics. This programme did not reach an
important proportion, between 30% and 46%,
of sexually active women until the
mid-1980s.24–26 Furthermore, women attending
a first screening do not continue in the
programme.24 Coverage and frequency of
screening is higher in young women.24–26 Any
positive eVect of this programme is unlikely to
be appreciated before 1990.

One of the goals of the Gompertzian
longitudinal analysis is to diVerentiate between
genetic and environmental factors influencing
the disease. In this paper, we have found that
genetic factors (B) have remained almost con-
stant and environmental factors (Ln K) are
responsible for the increase in mortality. Riggs,
in his study on cervical cancer in USA,13 found
a decrease in Ln K, and attributed it to
environmental factors.

Ten year survival rates of invasive cervical
cancer have increased from 33% to 55%27;
therefore, the increase in mortality suggests a
greater increase in the incidence of invasive cer-
vical cancer. This hypothesis cannot be proved
because the population-based registries of can-
cer in Spain do not have data before 1978
(except in some local registries).28 However, the
oldest local registries provide some evidence in
this sense: an increase has been observed in the
incidence of invasive cervical cancer from 3.72
per 100 000 in 1973–1977 to 4.97 in 1988–
1989 in Navarra29 and from 8.2 per 100 000 in
1980–1983 to 9.5 in 1988–1992 in Tarragona.30

In conclusion, the mortality rate of cervical
cancer is increasing in Spanish young women
because of a cohort eVect mediated by environ-
mental factors; a similar trend in older women
could be explained by a misclassification of
causes of death. An inversion of the trend is not
foreseeable until the screening programmes
cover a greater proportion of the women at risk.
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KEY POINTS

x The cervical cancer mortality rate in
Spain is increasing, mainly because of a
cohort eVect.

x Environmental factors like changes in
sexual behaviours might be the main
cause of this increase.

x The impact of a screening programme is
unlikely to be appreciated before 1990.
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