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TREND OF CERVICAL CANCER MORTALITY IN BELGIUM (1954 –1994):
TENTATIVE SOLUTION FOR THE CERTIFICATION PROBLEM OF
UNSPECIFIED UTERINE CANCER
Marc ARBYN1* and Helena GEYS2
1
Department of Epidemiology, Scientific Institute of Public Health, Brussels, Belgium
2
Centre for Statistics, Limburgs University Centre, Diepenbeek, Belgium
We investigated the evolution of mortality from cervical
cancer in Belgium between 1954 and 1994 in terms of absolute number of deaths, and standardised and age-specific
mortality rates. Changes over generations were summarised
using the standardised cohort mortality ratio. Trend studies
of cervical cancer mortality were hampered by certification
problems. The number of deaths due to cancer of the uterine
cervix is not known exactly since a substantial proportion of
death causes are coded as cancer of the uterus without
specifying the anatomic site: cervix or corpus uteri. This
inaccuracy in codification has been corrected using distribution tables derived from countries where this certification
problem is minimal. Trends in mortality from certified and
corrected cervical cancers were compared. The corrected
age-standardised mortality rate decreased continuously over
the last 4 decades, from over 14 to 5 per 100,000 womanyears (slope – 0.26/100,000 woman-years, 95% CI – 0.28 to
– 0.24). Its slope is 3.1 times (95% CI 2.9 –3.5) more important
than for the rate of mortality from certified cervical cancer.
In addition to the almost linear decrease, substantial nonlinear cohort influences were observed in certified and corrected mortality rates. The tendency of increasing mortality
in women born after 1935 required particular attention. Nevertheless, the slope of the corrected recent cohort effect
remained limited in Belgium, probably as a consequence of
screening.
© 2002 Wiley-Liss, Inc.
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In an earlier study covering the period 1954 –1989, it was shown
that the age-standardised mortality from certified cervical cancer
was decreasing almost linearly.1 Behind this monotonous variation, a complex of influences is hidden, which requires the study of
age-specific rates as a function of birth cohort and calendar time.
Recognising birth-cohort effects, reflecting the historic changes in
exposure to etiologic factors, is indispensable in distinguishing
screening effects. Special attention must be given to the quality of
death certification and coding, to avoid consideration of spurious
trends.2,3 A methodology already used to study mortality from
uterine cancer in the Flemish region (northern Belgium) was
further refined and applied to the whole of Belgium.4,5 We therefore used a number of descriptive and graphic statistical techniques
based on the 3 inherent components of vital statistics: age, calendar
time at death and epoch of birth or cohort.
We do not consider here the simultaneous estimation of agecohort-period effects by log-linear Poisson models.6,7 The spatial
variation of mortality within Belgium is not examined either.
These are the subjects of ongoing studies.
MATERIAL AND METHODS

Number of deaths
The annual number of deaths from uterine cancer, aggregated
over 5-year age groups, in women resident in Belgium between
1954 and 1994 was provided by the National Institute of Statistics.
Deaths from cervix uteri cancer were coded as 171 for the period
1954 –1968 (ICD-6 and -7) and as 180 for the period 1969 –1994
(ICD-8 and 9). Corpus uteri cancer was coded as 172 (ICD-6 and
7) or 182 (ICD-9). Not otherwise specified (NOS) uterine cancer

was coded as 174 (ICD-6 and -7) or 179 (ICD-9). The 8th edition
of ICD has caused problems since cancer of the corpus uteri and
NOS uterine cancer were classified together under code 182. Both
could still be distinguished with the fourth digit (182.0 for corpus
cancer, 182.9 for NOS uterine cancer), but these latter subcodes
were applied inconsistently.
Population data
Data concerning the female population over the same period
were provided by the National Institute of Statistics as well. The
total number of women resident in Belgium increased from 4.9
million in 1954 to 5.2 million in 1994.
Mortality rates
We successively computed trends of the number of deaths for
each anatomic subsite and the age-standardised mortality rates
from cervical cancer, expressed as the number of deaths per
100,000 woman-years. The European standard population was
used as reference.8 We calculated 95% confidence intervals (CIs)
on the basis of a Poisson distribution.9,10
Age-specific rates were calculated over 5-year periods to stabilise random variation.11 We defined 8 periods beginning in 1955,
to allow comparisons with previous publications.1,12 Cohort-specific mortality rates were studied as well. Cohorts included women
born in the same period and, hence, ageing together and exposed
to similar risks. Since age groups and periods span 5 years, the
corresponding birth cohorts are necessarily 10 years wide. Successive cohorts overlap partly and are indicated by their central
year.11–13
Cohort effects
The cohort effect, or standardised cohort mortality ratio, represents the relative risk in a certain cohort of dying from cervical
cancer compared to the mean mortality rate of all generations
together. This cohort effect is calculated by an indirect standardisation method.14,15 It consists of the ratio of the number of observed deaths in a given cohort, k, over the number of expected
deaths if the average age-specific mortality rates are applied to the
respective age segments of the population in cohort k.
Redistribution of NOS uterine cancers
Finally, we present a tentative solution for the classification
problem of NOS uterine cancers (ICD-6 and –7 ⫽ 174, ICD-8 ⫽
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TABLE I – PROPORTION OF UTERINE CANCERS OF CERVICAL ORIGIN AS DERIVED FROM CERTAIN EUROPEAN COUNTRIES WITH
LOW PERCENTAGES OF NOS CANCER
Norway, 1955–1969

Age
group

ⱕ 30
35–39
40–44
45–49
50–54
55–59
60–64
65–69
70–74
75–79
80–84
ⱖ85

Proportion

(95% CI)

0.990
0.979
0.919
0.877
0.803
0.641
0.559
0.544
0.576
0.530
0.503
0.550

0.972–1.000
0.958–0.999
0.885–0.953
0.842–0.911
0.761–0.844
0.597–0.686
0.513–0.604
0.494–0.594
0.525–0.627
0.466–0.594
0.423–0.584
0.424–0.676

Finland, the Netherlands, Norway, Scotland, 1970–1994
1970–1979

1980–1989

1990–1994

Proportion

95% CI

Proportion

95% CI

Proportion

95% CI

0.950
0.940
0.893
0.850
0.765
0.655
0.589
0.516
0.493
0.463
0.469
0.454

0.921–0.979
0.911–0.970
0.864–0.922
0.826–0.874
0.742–0.788
0.632–0.677
0.567–0.612
0.494–0.538
0.470–0.515
0.438–0.488
0.439–0.499
0.416–0.492

0.961
0.962
0.898
0.792
0.687
0.594
0.569
0.531
0.481
0.435
0.388
0.367

0.940–0.982
0.942–0.982
0.869–0.928
0.759–0.824
0.654–0.721
0.565–0.623
0.545–0.593
0.509–0.554
0.459–0.503
0.413–0.458
0.363–0.413
0.340–0.394

0.955
0.967
0.870
0.828
0.717
0.529
0.495
0.459
0.409
0.455
0.409
0.361

0.923–0.988
0.941–0.993
0.825–0.916
0.783–0.874
0.666–0.768
0.480–0.577
0.453–0.536
0.425–0.493
0.378–0.440
0.423–0.488
0.375–0.443
0.328–0.394

182 (partly), ICD-9 ⫽ 179). We therefore constructed a repartition
table with the age-specific proportion of uterine cancer mortality
that is probably of cervical origin. Jenssen et al.4 were the first to
apply such a method in a study on cancer-related mortality in the
11 member states of the European Community in 1980. The
age-specific repartition of, respectively, cervical and corpus uteri
cancer was derived from countries with a low proportion of NOS
uterine cancer mortality. However, Jensen et al.4 did not specify
the involved countries and did not present standard errors. Therefore, we downloaded files from the WHO Mortality Database
(http://www.who.int/whosis/mort), selected data concerning uterine cancer from European countries and recoded causes of death
into the codes of the ICD-9. Subsequently, we identified countries
with a percentage of NOS uterine cancer mortality lower than or
equal to 11% over at least 2 recent decades. In the period 1970 –
1994, Finland, the Netherlands, Norway and Scotland matched
these criteria. Before that period, a low proportion of NOS uterine
cancer was observed only in Norway. We excluded Iceland and
Luxembourg because of their small population sizes. The agespecific proportion of cervical cancer among uterine cancers with
known origin did not vary substantially over time in the 4 selected
countries, but since this variation was significant, we constructed
different period-specific repartition tables (Table I). Using Table I,
we redistributed the sum of the number of all uterine cancer deaths
within the corresponding age and period groups in Belgium, which
yielded the corrected number of deaths from cervical cancer. We
calculated 95% CIs for the corrected cervical cancer mortality
using the delta method for a product of 2 parameters, being the
number of deaths from uterine cancer, following a Poisson distribution, and the proportion of uterine deaths originating from the
cervix uteri, following a binomial distribution.16
The trends of the certified and corrected cervical cancer mortality rates were subsequently compared. To facilitate visual comparison, we opposed systematically both sets of mortality indicators in double plots using identical y axes.
RESULTS

The proportion of uterine cancers without specification among
all cancers of the uterus, shown in Figure 1, was highest during the
period that the ICD-8 classification was applied (53.0%). This was,
respectively, 46.1% and 39.3% for ICD-6/-7 and ICD-9.
The column diagram in Figure 2a shows the absolute number of
deaths due to cancer of the cervix, corpus and NOS uterus that
occurred in 5-year periods. The number of deaths from certified
cervical cancer fluctuated between 1,559 and 950. The total number of deaths due to cancer of the cervix ⫹ NOS uterus varied
between 3,832 and 2,151. The total number of uterine cancer
deaths ranged from 5,210 to 2,882. By redistributing deaths from
NOS uterine cancer into cervix- and corpus carcinoma, we obtained the corrected or probable number of deaths due to the 2

FIGURE 1 – Proportion of uterine cancer deaths for which the topographic origin is not specified, Belgium, 1954 –1994.

respective cancers (Fig. 2b). The corrected number of deaths from
cervical cancer in Belgium varied between 3,401 (in the period
1955–1959) and 1,423 (in the period 1990 –1994). The trend was
decreasing with on average 680 deaths per year in the 1950s and
285 deaths in the 1990s. In 1994, 286 women probably died from
cancer of the cervix uteri and 299 from cancer of the corpus uteri.
Figure 3a displays the trend of the age-standardised mortality
rate for certified cervical cancer and for all uterine cancers combined. Both curves show an almost linear decline over time, with
slopes of, respectively, – 0.08/100,000 woman-years (95% CI
– 0.10 to – 0.07) for cervical cancer and – 0.38 (95% CI – 0.41 to
– 0.36) for uterine cancer. The standardised rate for cervical cancer
decreased from 6.3 (95% CI 5.6 –7.0) in the 1950s to 3.0 (95% CI
2.6 –3.5) per 100,000 in the 1990s, a reduction of 52.4%. The rate
for all uterine cancer deaths dropped over the same period from
20.9 (95% CI 19.6 –22.2) to 8.1 (95% CI 7.4 – 8.8) per 100,000, a
decline of 61.3%. The right panel in Figure 3 shows the evolution
of the age-standardised mortality rate for corrected cervical cancer.
The linear regression line fits better to the corrected rate (R2 ⫽
0.96) than to the rate of certified cervical cancer mortality (R2 ⫽
0.80). The slope of the corrected rate is – 0.29/100,000 (95% CI
– 0.30 to – 0.26). This corresponds with a drop of 67.5% over a
time span of 41 years. However, when only the last 5 years are
considered, the standardised corrected rate remains stable around
4.9/100,000 woman-years, with a slope very close to 0 (b ⫽ 0.02,
95% CI – 0.22– 0.18).
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FIGURE 2 – (a) Number of deaths occurring in 5-year periods due to
cancer originating from the cervix uteri, the corpus uteri or NOS uterus
in Belgium between 1955 and 1994, as registered by the National
Institute of Statistics. (b) Probable number of deaths by cancer of the
cervix and corpus uteri, calculated by repartition of NOS uterine
cancers. Periods are indicated by the first year of the interval.

are clearly separated (Fig. 4b). In the central cohorts, containing 8
observations, a peak was reached around the age of 50 years. The
corrected rate did not level off thereafter but remained high at a
plateau.
The evolution of mortality as a function of the birth cohort is
summarised by the cohort effect (Fig. 5a). We observed discrete
peaks of the mortality risk for the cohorts C1885, C1895 and
C1920 and a progressive decrease for the cohorts C1920 –C1935
followed by a continuous rise. The tendency over the last 3 cohorts
was very unstable because it was based only on younger age
ranges, where mortality rates are low. This is illustrated by the
very wide CIs beyond C1960 in Figure 5.
The corrected cohort effect in the right panel of Figure 5
displays again remarkable differences. The older cohorts expressed
a relatively higher than average risk, which declined more markedly in subsequent cohorts. The peak around C1920 was still
obvious, but the smaller peaks in women born at the end of the
nineteenth century had disappeared. The increasing trend observed
in the younger cohorts is less obvious than in the uncorrected
cohort effect, but it is still clear that beyond C1935 the falling trend
stopped.
DISCUSSION

Trend studies of cervical cancer mortality are complex since
several factors interfere simultaneously: quality of vital statistics,
changing exposure to risk factors and protective effects from
screening and treatment. The frequency of total hysterectomy is an
additional complicating element that influences the denominator
(the number of woman-years at risk).17 The prevalence and incidence of hysterectomy in Belgium was described earlier.18 The
other influences are discussed below.

FIGURE 3 – (a) Trend of the standardised mortality rate for certified
cervical cancer (lower curves) and for total uterine cancer (upper
curves), Belgium, 1954 –1994, European reference population. (b)
Standardised mortality rate for corrected cervical cancer. Bold lines
represent the standardised rate; thin lines on both sides correspond to
the respective 95% CIs.

The linear age-specific trends are shown in Table II. A model
with separate slopes for each age group (containing the interaction
age ⫻ time) fitted significantly better than a model with one
common slope. The slopes for noncorrected cervical cancer were
most pronounced in the age group 40 – 69. The drop in the rate was
insignificant for women in age groups ⬍40 and ⬎80 years. The
decrease of the corrected rates was systematically steeper for all
age groups, and the intensity of the negative slopes increased with
age.
The change in cervical cancer mortality by age is plotted for
distinct cohorts in Figure 4a. Intervening curves are omitted for
graphic clearness. Mortality rose with age up to a maximum and
then dropped slightly. This maximum was reached at subsequently
higher ages in older cohorts. There is considerable overlap between successive cohorts. Only from cohort C1920 up to C1935
there was a continuous fall in age-specific mortality. From C1940
mortality did not further decline. Moreover, a discrete tendency of
increase could be suspected for the youngest cohorts. Corrected
mortality rates were lifted substantially in the older cohorts, which

Quality of mortality statistics
The inaccuracy in the exact determination of the anatomic origin
of uterine cancer is essentially due to insufficient training of
physicians completing death certificates. Administrators, in charge
of codification, could contact certifying doctors for additional
information, but unfortunately this is rarely done (H. Van Oyen,
personal communication, 2002). This classification problem seriously complicates trend studies. The question of NOS uterine
cancer mortality is addressed in different ways throughout the
literature. The Centre for Operational Research (Scientific Institute
of Public Health, Brussels), which produces regular overviews of
cause-specific mortality in Belgium, presents the sum of mortality
due to cancer of the cervix and NOS uterus.19 Vyslouzilova et al.1
included only certified cervical cancer deaths coded ICD-6/7 ⫽
171 and ICD-8/9 ⫽ 180. In atlases of cancer mortality in Europe,
certified cervical cancer and total uterine cancer were mapped
separately.20,21 Death from uterine cancer between 15 and 54 years
is a component of “avoidable death,” which is used as a measure
of the effectiveness of preventive and curative health care.21–23 La
Vecchia et al.24 studied only trends of mortality due to all uterine
cancers combined. Levi et al.25 considered total uterine cancer
mortality trends limited to the age group 20 – 44 years, where the
majority of deaths are due to cervical cancer. Devesa et al.26
combined NOS uterine cancer with corpus cancer deaths, to analyse mortality trends for endometrial cancer and he studied certified cervical cancer mortality as such. Swerdlow et al.27 followed
the same approach, arguing that corpus cancer and NOS uterine
cancer mortality show similar age patterns. In the last overview of
cancer mortality in the European Union in 1995, cancer deaths
coded as unspecified were treated as random and reallocated to
cervical or corpus uteri cancer according to the age-specific proportions of death causes certified as ICD-9 180 or 182.28
The shape and direction of changes in cervical cancer mortality
should not be biased by studying only deaths certified as such, if
the proportion of cervical cancers coded as NOS uterine cancer
was constant over time. In Belgium, however, the proportion of
NOS uterine cancer deaths reattributed to cervical cancer varied
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TABLE II – AGE-SPECIFIC SLOPES (CHANGE IN NUMBER OF DEATHS/100 WOMAN-YEARS) AND 95% CIS OF
THE LINEAR TREND FOR MORTALITY FROM CERTIFIED VS. CORRECTED CERVICAL CANCER IN BELGIUM
BETWEEN 1954 AND 1994
Age
group

20–29
30–39
40–49
50–59
60–69
70–79
80⫹
1

Certified cervical cancer
Slope

⫺0.002
⫺0.031
⫺0.161
⫺0.233
⫺0.221
⫺0.185
⫺0.039
p ⫽ 0.0011

Corrected cervical cancer

95% CI

⫺0.009
⫺0.068
⫺0.225
⫺0.296
⫺0.334
⫺0.322
⫺0.319

to
to
to
to
to
to
to

Slope

⫺0.004
⫺0.005
⫺0.010
⫺0.170
⫺0.109
⫺0.047
⫺0.241

⫺0.017
⫺0.123
⫺0.464
⫺0.676
⫺0.604
⫺0.860
⫺0.927
p ⫽ 0.0001

95% CI

⫺0.030
⫺0.212
⫺0.617
⫺0.759
⫺0.698
⫺1.022
⫺1.101

to
to
to
to
to
to
to

⫺0.003
⫺0.034
⫺0.312
⫺0.594
⫺0.509
⫺0.699
⫺0.753

Test for difference between models with common and age-specific linear time trends.

FIGURE 4 – (a) Cohort-specific mortality rate by cervical cancer as a
function of age, Belgium, 1955–1994. For graphic reasons, intervening
curves are omitted. Age groups are indicated by the first year of the
5-year interval; the cohort is labelled with the central year of the
corresponding 10-year interval. (b) Corrected cohort-specific mortality
rate by age group.

over time. It was on average 80.2% when ICD-6/-7 codes were
used and 54.2% when ICD-9 codes were applied. In addition, the
percentage of NOS uterine cancer deaths changed clearly according to the ICD codes (Fig. 1), and there exist important regional
differences. The percentage of NOS deaths in 1994 was only
26.4% in the Flemish region, 33.8% in the capital of Brussels and
60.3% in the Walloon region.29 Belgium currently ranks in the
intermediate group of west European countries. Around 1995, the
proportion of NOS deaths was lower than 10% in Norway (4.8%),
Finland (7.7%) and Scotland (8.9%); in certain south European
countries, this percentage was quite high: Greece (60.4%), France
(59.4%), Italy (65.4%).25
Correction of the classification problem was, at least for Belgium, necessary to appreciate real trends. Systematic attribution of
NOS cancers to either cervical or corpus cancer should yield
substantial over- and underestimation, respectively. Allocation of
NOS deaths according to the mutual proportion of cervical and
corpus cancers, as proposed by Bray et al.,28 would have led to an
implausible increase of cervical cancer mortality in the ICD-8
period. Because of lack of reliable cancer incidence and survival
data for Belgium, the redistribution of NOS uterine cancers, based
on a documented repartition table, is currently the only available
method to rectify somehow the misclassification in mortality statistics. Of course, we must assume that the repartition is representative of Belgium. In Finland, the Netherlands and parts of Scotland, well-organised screening at the population level has been
done for at least 2 decades.30 –33 These programmes possibly have

FIGURE 5 – (a) Standardised cohort mortality ratio: relative risk of
mortality from cervical cancer for a given cohort with respect to the
average mortality of all cohorts, Belgium, 1955–1994. (b) Corrected
cohort mortality ratio. Bold lines, estimate of the cohort effect; thin
lines, corresponding 95% CIs.

had more impact than in Belgium, where screening was essentially
opportunistic.34
By the correction, we probably obtained a more realistic picture
of the evolution of cervical cancer mortality over time and over
generations. The declining trends became more pronounced, some
artefacts were smoothed away and the magnitude of the cohort
effects could be estimated more exactly. In a later stage, we will
verify the robustness and generalisability of alternative methods
for reallocation of deaths by NOS uterine cancer in European
countries where the possibility of data linkage exists to adjust
mortality statistics from reliable cancer registries.35
Changing exposure to risk factors
The sexually transmittable human papillomavirus (HPV) is the
main etiologic factor for cervical cancer.36 –38 Changes in sexual
behaviour of distinct generations are reflected in cohort-specific
mortality rates. Beral14 illustrated the association between enhanced incidence of sexually transmitted diseases among young
women during the Second World War and the subsequent increase
of mortality by cervical cancer in the same generation in England
and Wales. In Belgium as well, an increased risk is noticed for the
cohorts C1920 and, to a lesser extent, C1895. It concerns women
who were between 15 and 30 years old during the world wars.
From C1920 until C1935, we observed a continuous decline in
cervical cancer mortality. Since C1940 (this concerns generations
of women who reached the age of 20 years after 1960), mortality
has been rising again or at least not further declining. This is
probably a result of changes in sexual behaviour since the 1960s,
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yielding enhanced transmission of HPV. The increased frequency
of smoking and oral contraception, both risk factors for cervical
cancer, may have contributed to the rise of the cohort effect.33,39
These abrupt generational effects are not disturbed by the inaccuracy in cause-of-death certification. However, the continuous
marked decrease in cohorts born between the end of the nineteenth
century up to 1935, only temporarily interrupted for women born
around 1920, was for a major part masked in the noncorrected
data. Presumably, other etiologic and poorly understood (co-)
factors, linked to improved social conditions and access to health
care, may explain this historic phenomenon.40
Screening effects
The declining trend of cervical cancer mortality was initiated
before Pap smear screening became general practice. The progressive achievement of high coverage among the target population18,41 did not bring about a more pronounced decrease. Certain
epidemiologists deduce from this fact that cytologic screening was
hardly effective42– 44 and certainly did not have the same impact as
in some Nordic countries, such as Finland.43,45
Recent rises in cervical cancer mortality in younger women
were first noted in England and Wales46 –50 and described later in
several other countries, even in Finland.12,30,51–56 The increase in
England and Wales revealed poor organisation during the 1970s
and 1980s, characterised by low population coverage combined
with overscreening in low-risk groups and moderate technical
quality of screening process parameters.16,57 This situation
prompted health authorities to reorganise screening by installing a
nationwide call–recall system, incentives for general practitioners
and stringent quality-assurance procedures.58 These measures resulted quickly in a substantial decline of mortality in all age groups
in the target population.59 – 62
In Belgium, the rise of the cohort effect since C1935– 40 was not
as steep as in England and Wales. It is possible that the limited
increase is the net result of increased risk counterbalanced to a
certain extent by screening. Quality of screening, reaching a
steadily growing part of the female population, was not so poor as
in England in the 1970s and 1980s. Otherwise, the substantial drop
in mortality observed in the 1990s in England did not occur in

Belgium because no serious efforts to organise screening more
efficiently were undertaken.34
Several influences might have contributed to varying degrees to
changes in cervical cancer mortality. Formal statistical models can
assess age, period and cohort effects in routinely collected demographic databases. The impact of these influences can be plausibly
explained in qualitative terms from historic facts, but it is hard to
quantify. The role of screening parameters concerning population
compliance and quality of screening, if available, can be included
as explanatory parameters in statistical models.63,64 Unfortunately,
in Belgium and several other European countries, historic background data are lacking.
Screening coverage in Belgium, defined as the proportion of
women between 25 and 64 years having had a Pap smear taken less
than 3 years ago, was estimated to be 78% in 1996.34,65 Reaching
currently unscreened groups, which are concentrated essentially in
lower socioeconomic categories,18 is an important task for health
professionals and authorities. It is probably this category that
determines the increasing slope in recent age-specific mortality
trends. Quality assurance of the whole screening process should
result in further reduction of mortality in participating women.
In Belgium, about 3.5 million euros are spent annually in
opportunistic cytologic screening, but there is no possibility to
assess its impact.34,66 The Belgian Parliament has launched an
appeal to the federal government to organise early detection of
cervical cancer more efficiently and to install formal registration of
screening parameters.67 In this framework, analysis of real mortality trends should constitute the final piece in the comprehensive
evaluation of cervical cancer screening.
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