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European Countries
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INTRODUCTION: To quantify the association of self-reported lower gastrointestinal endoscopy use measured in 2004/05
with colorectal cancer (CRC) mortality changes over 2004-2015 in Europe.

METHODS: An ecological analysis was performed using endoscopy utilization data from the Survey of Health, Aging,
and Retirement in 11 European countries in 2004/05 and CRC mortality data from the World Health
Organization Mortality Database over 2004-2015. Mortality trends were compared through annual
mortality changes from joinpoint regression models. Cross-national variations in mortality trends with
respect to endoscopy use were tested for statistical significance by negative binomial regression

models.

RESULTS: The proportion of respondents who reported having had an endoscopy within 10 years varied widely

across countries, from 6.1% to 25.1%. Large disparities in CRC mortality trends were also observed,
with annual mortality change ranging from a decline of 3.3% to an increase of 0.9% for men and from a
decline of 3.3% to a decline of 0.6% for women. Endoscopy uptake was negatively associated with the
maghnitude of annual mortality change over 2004-2015 (rate ratio for a 10-year mortality change per

10% higher endoscopy use, 0.88; 95% confidence interval, 0.82-0.94).

DISCUSSION: This analysis provides quantitative evidence on the contributions of endoscopy use to CRC mortality

declines in European countries over the past decade. A considerable fraction of protection is likely to be
delivered through endoscopic removal of adenomas and sessile serrated lesions. With many European
countries having recently implemented CRC screening programs, an increase in endoscopy use and a

subsequent reduction in CRC mortality would be expected.
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INTRODUCTION

colonoscopy is used to follow-up positive results of fecal occult

With approximately 500,000 cases and more than 240,000 deaths
every year, colorectal cancer (CRC) is the second leading cause of
cancer morbidity and mortality in Europe (1). Screening for ad-
enomas and cancers through a range of tests, especially lower
gastrointestinal endoscopy (colonoscopy and sigmoidoscopy),
has been demonstrated to be effective in reducing CRC incidence
and mortality (2,3) and is recommended to average-risk pop-
ulation by several guidelines (4-7).

Utilization of lower gastrointestinal endoscopy for screening
varies across European countries. Some countries, e.g., Austria
and Germany, offer colonoscopy as a primary screening test
through a nationwide opportunistic screening program, whereas
in many other countries, such as the Netherlands and Denmark,

blood test (FOBT) (8,9). In Piedmont, Italy, CRC screening is
delivered through once-only sigmoidoscopy (8,9). In addition to
screening, lower gastrointestinal endoscopy is commonly used
for diagnostic workup of abdominal symptoms and for surveil-
lance of bowel diseases. According to data from a large survey
conducted in 2004-2005, uptake of lower gastrointestinal en-
doscopy varied widely across European countries (10).

Large disparities in the trends of CRC incidence and mortality
between European countries have been observed over the past
decades (11,12). Although studies have demonstrated that the
widespread use of screening, especially colonoscopy screening,
could explain a large proportion of CRC mortality declines in the
United States during the past few decades (13-16), the association
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between cross-national variation in endoscopy use and variation
in CRC mortality changes in Europe has not been well analyzed. It
remains unclear whether and to what extent endoscopy use in the
general population has contributed to the declines in CRC mor-
tality observed in European countries. We therefore performed
an ecological analysis to quantify the association of self-reported
lower gastrointestinal endoscopy use measured in 2004/05 with
CRC mortality change in the subsequent decade among 11 Eu-
ropean countries.

METHODS

Data sources

Country-specific data on lower gastrointestinal endoscopy use
and CRC mortality in Austria, Belgium, Denmark, France, Ger-
many, Greece, Italy, the Netherlands, Spain, Sweden, and Swit-
zerland were used to perform this ecological analysis.

Estimates of colonoscopy and sigmoidoscopy use in the gen-
eral population were based on data from the Survey of Health,
Aging, and Retirement in Europe (SHARE). SHARE is a multi-
disciplinary and cross-national panel database covering 27 Eu-
ropean countries and Israel and collects extensive information on
health, socioeconomic status, and family networks of the elderly
(www.share-project.org) (17). Data on colonoscopy and sig-
moidoscopy uptake were available from the first wave of SHARE
conducted in 2004-2005 among the aforementioned 11 Euro-
pean countries (data collected over May—October 2004 in Austria,
Denmark, Germany, Greece, Italy, the Netherlands, Spain, and
Switzerland; over May-December 2004 in Sweden; over
October-November 2004 in France; and over January-July 2005
in Belgium) (18). Respondents aged 50 years and older were asked
whether they had ever undergone lower gastrointestinal endos-
copy (colonoscopy or sigmoidoscopy), and if so, when the most
recent examination was performed (survey question: “Have you
ever had a sigmoidoscopy or colonoscopy? If so, about how long
ago did you have the most recent one?”). Colonoscopy and sig-
moidoscopy were not differentiated (response options: “Yes, T had
one of these tests less than 10 years ago”/“Yes, I had one of these
tests 10 or more years ago”/“No, I never had any of these tests”).
Indication for endoscopy use was not ascertained. The propor-
tions of individuals who reported endoscopy use within the past
10 years, which were weighted to be representative of the pop-
ulation of each country in terms of age and sex and age-
standardized to the European standard population, were directly
extracted from a previous publication of our group (10).

Numbers of deaths from CRC and corresponding population
sizes were extracted for the 11 countries from the World Health
Organization Mortality Database (https://www.who.int/health-
info/mortality_data/en/), which provides official national mor-
tality data obtained from member states and serves as a central
source of global mortality monitoring (19). Mortality data were
reported annually by member states from their national vital
registration system and the World Health Organization provided
tools and standards to support countries in developing their
registration and vital statistics system. Data on cause of death
were coded according to International Classification of Disease
(ICD). In this study, we extracted annual sex- and age-specific
data in 5-year age bands (except for 95+ and in a few cases 85+)
for people aged 50 years and older over the period of 2004-2015.
Complete data for Switzerland and France were available up till
2013 and 2014, respectively. CRC death was defined as any death
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with a code of C18-21 by ICD, Tenth Revision or B093-B094 by
ICD, Ninth Revision (for Greece during 2004-2013).

Statistical analysis

Annual CRC mortality rates of each country were estimated from
the numbers of deaths and population sizes and were age-
standardized to the European standard population using the di-
rect method to enable comparison across countries (20). Overall
mortality changes were derived from the age-standardized rates
in year 2004 and 2015 (or the last year with available data). Av-
erage annual mortality changes over the study period were
obtained from joinpoint regression models. A series of connected
regression lines were fitted to the logarithms of the age-
standardized CRC mortality rates over time for each country,
and then, the annual percentage changes obtained from each
regression line were weighted to obtain the average annual per-
centage change. Analyses were separately performed for men and
women.

Cross-national variations in CRC mortality change over the
period of 2004-2015 with respect to lower gastrointestinal en-
doscopy use were tested for statistical significance by negative
binomial regression models of CRC death counts to account for
overdispersion. The logarithm of person-years at risk, computed
as the product of population size and time at risk, was used as
offset. A regression model was fitted with calendar year modeled
as a continuous variable and age and sex included as covariates.
An interaction term between lower gastrointestinal endoscopy
uptake rate and calendar year was included to test the differences
in CRC mortality change over time with respect to endoscopy use.
Analyses were then repeated with additional adjustment for the
random effects of country by adding random intercept and ran-
dom slope for country in the models. Associations between en-
doscopy uptake and CRC mortality change were quantified by
rate ratios (RRs) and their 95% confidence intervals (CIs). The
model fitted in our analyses can be expressed as:

ke — 1 f
log(death count) = By + B, <upta e — mean value o uptake)

10
ke — 1 f
+ By (year —2004) + By (“pta e e “ptake)
X (year — 2004) + B, female + 35 age group, + ** + By,
age groupg + log(person-years).

Estimated CRC mortality change over 2004-2015 for an en-
doscopy uptake rate of 2%, 5%, 10%, 15%, and 20% was estimated
from the regression model with random intercept and slope ef-
fects of country.

SAS version 9.4 (SAS Institute, Cary, NC) was used to perform
most of the analyses and to plot the figures. Joinpoint regression
analysis was performed with Joinpoint Regression Program (21).
A 2-sided P value of <0.05 was considered statistically significant.

RESULTS

Figure 1 displays the lower gastrointestinal endoscopy uptake
rates among the 11 European countries obtained from the
SHARE. The response rate for this survey ranged from 70% in
Sweden to 93% in Greece (10). A total of 18,139 respondents aged
50 years and older who did not report CRC diagnosis were in-
volved in this analysis. In 2004-2005, the proportion of respon-
dents who reported colonoscopy or sigmoidoscopy use within the
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Figure 1. Lower gastrointestinal endoscopy use within the past 10 years among people aged 50 years and older in 11 European countries, 2004/05. Error
bars represent the 95% confidence interval for lower gastrointestinal endoscopy use.

past 10 years varied widely across countries, from 6.1% (95% CI,
4.7%-6.9%) in Greece t0 25.1% (95% CI, 22.1%-27.2%) in France.
The average uptake rate was 15.4%.

Trends in CRC mortality rates among the 11 countries over
2004-2015 are separately shown in Figure 2a—c for countries with
high, medium, and low endoscopy uptake rate, respectively.
Substantial and continuous declines in CRC mortality rates were
observed for both sexes in the 3 countries with the highest en-
doscopy uptakes of >20% (Figure 2a). Over the study period, age-
standardized CRC mortality rates fell by 19.5%-32.0% among
men and 18.6%-34.2% among women in Germany, Austria, and
France, representing an average annual mortality decline of be-
tween 1.9% and 3.3% (Table 1).

Except Denmark and Belgium, countries with an endoscopy
uptake rate of 10%-20% had smaller decreases in CRC mortality
rates over 2004-2015 when compared with high uptake

countries (Figure 2b) and the average annual percentage change
ranged from —0.5 to —1.6 for men and from —0.6 to —1.5 for
women (Table 1). The estimated reductions in Denmark and
Belgium were in fact higher than those of France but were either
comparable or lower than those of Germany and Austria
(Table 1).

Mortality trends among the Netherlands, Spain, and Greece,
the countries with the lowest endoscopy utilization (less than
10%), varied between men and women (Figure 2¢). In this group,
decreases among women were more pronounced than among
men, and the average annual mortality changes were comparable
with those of some of the medium uptake countries. CRC mor-
tality rates among men remained relatively stable over the study
period or even increased slightly (Table 1). Overall, countries with
a higher endoscopy uptake rate tended to have higher reduction
in CRC mortality over 2004-2015 for both men and women,
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Figure 2. Trends in colorectal cancer (CRC) mortality in men and women aged 50 years and older, by country. (a) Countries with high endoscopy uptake rate.
(b) Countries with medium endoscopy uptake rate. (c) Countries with low endoscopy uptake rate.
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Table 1. Change in CRC mortality rates among men and women aged 50 years and older in 11 European countries, 2004-2015

Male Female

Endoscopy Change in ASR Average annual Endoscopy Change in ASR Average annual

use within ASRin ASRin over2004-2015 percentage use within  ASRin ASRin over2004-2015 percentage
Country? 10yr  2004° 2015° (%) change (%)° 10yr  2004° 2015° (%) change (%)°
France 27.4 107.4 86.4¢ —-19.5¢ -19 23.1 60.6 49.3¢ -18.6¢ -2.0
Austria 24.1 1229 836 —32.0 -3.3 23.7 67.8 446 -34.2 =3.3
Germany 23.6 117.3 904 —22.9 -23 234 766 54.8 -284 =3.0
Switzerland 194 83.1 71.9° —13.5¢ -14 18.8 50.5 43.5° —14.0° -1.0
Belgium 13.6 1028 85.1 -17.3 =22 16.3 65.9 499 —24.2 =24
Denmark 14.3 137.2 105.6 -23.0 -24 14.4 954 739 -22.5 -28
Italy 13.1 1032 87.1 -15.6 -16 13.0 615 5B22 -15.0 -15
Sweden 12.0 83.4 895 1.2 -0.5 12.2 65.1 604 -7.2 -0.6
The 93 113.0 103.4 -85 -1.0 10.5 75.1 66.8 -11.0 -16
Netherlands
Spain 7.9 123.0 1173 -46 -04 7.3 643 56.1 -12.8 -13
Greece 5.5 724 753 4.0 0.9 6.7 476 441 -7.3 -1.1

ASR, age-standardized rate; CRC, colorectal cancer.

2Countries are ordered by endoscopy uptake rates among the total population (males + females).

PEstimates were age-standardized to the European standard population.
“Obtained from joinpoint regression models.

9ASRs in 2014 (as the last year with available data) were used.

®ASRs in 2013 (as the last year with available data) were used.

while countries with lower uptake rate had a much smaller re-
duction or even an increase (Figure 3a,b).

Table 2 demonstrates the associations between lower gastro-
intestinal endoscopy use and the temporal trends in CRC mortality
rates estimated by the negative binomial regression models. The
temporal trend in CRC mortality varied across different endoscopy
uptake rates. A negative association was identified between en-
doscopy use and the magnitude of annual mortality change over
2004-2015 (RR, 0.989; 95% CI, 0.985-0.993), and this association
remained essentially unchanged after controlling for the random
effects of country (RR, 0.987; 95% CI, 0.985-0.990 in the random
intercept model and RR, 0.987; 95% CI, 0.981-0.994 in the random
intercept and slope model). When examining the magnitude of
CRC mortality change over 10 years, the rate ratio per 10% higher
endoscopy use became 0.880 (0.860-0.901) and 0.879 (95% ClI,
0.822-0.940) in the models that added random intercept and
random intercept and slope for country, respectively.

Asillustrated by the estimated CRC mortality change obtained
from the regression model (Figure 4), a higher endoscopy uptake
was associated with greater CRC mortality declines over
2004-2015. The reduction would become smaller with decreasing
endoscopy uptake, and when endoscopy update dropped to 2%, a
theoretical mortality increase would be expected.

DISCUSSION

In this analysis, we quantified the impact of lower gastrointestinal
endoscopy use on CRC mortality changes over 2004-2015 among
11 European countries. In 2004-2005, the proportion of re-
spondents who reported having had an endoscopy within 10
years varied widely across countries. Large cross-national dis-
parities also existed in CRC mortality trends over the study
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period, with average annual percentage change ranging from
—3.3 t0 0.9 for men and from —3.3 to —0.6 for women. Results
from regression models indicate that endoscopy uptake was
negatively associated with the magnitude of mortality change
over 2004-2015 (RR for a 10-year mortality change per 10%
higher endoscopy use, 0.879; 95% CI, 0.822-0.940). A decline in
CRC mortality trend was more pronounced with higher
colonoscopy/flexible sigmoidoscopy uptake.

The potential effect of endoscopy utilization in reducing CRC
mortality is likely to primarily come from the uptake of endos-
copy, especially colonoscopy for screening purpose, either as a
primary screening test or as a follow-up for positive FOBT results.
As a large proportion of CRC cases develop slowly from pre-
cancerous lesions, detection and removal of these lesions at
screening could effectively prevent them from progressing to
cancers and eventually reduce cancer mortality (22). The re-
duction in mortality is also realized through the detection of
cancer and initiation of treatment at an earlier and more curable
stage. Studies have constantly reported more favorable stage
distributions and higher survival among patients detected by
screening, including screening colonoscopy, than among those
detected after symptoms develop (23-27). In addition, the im-
provement since 2004/5 in quality of lower gastrointestinal en-
doscopy is likely to enhance its preventative effect. In our study,
countries with a long-standing and well-functioning CRC
screening mechanism tended to have relatively greater reduction
in CRC mortality. For example, Austria and Germany were
among the first European countries to introduce CRC screening,
where screening by FOBT has been offered for more than 4 de-
cades. In addition in these 2 countries, screening colonoscopy has
been introduced as an alternative primary screening modality
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Figure 3. Lower gastrointestinal endoscopy use in 2004/05 and change in colorectal cancer (CRC) mortality over 2004-2015. (a) Male. (b) Female.
Estimates for France and Switzerland were changes over 2004-2014 and 2004-2013, respectively.

since 2005 in Austria and 2002 in Germany (9,28,29) and has
been performed with steadily improving quality (30,31). In
contrast in the Netherlands, fecal immunochemical test-based
screening program started in 2014 and the rollout is ongoing
(8,9,32). In keeping with these developments, much larger decline
in CRC mortality occurred in Austria and Germany over the past
decade, although the 3 countries had comparable mortality rates
for both sexes in the reference year 2004.

It is worth noting that the preventive effect of sigmoidoscopy/
colonoscopy comes through removal of lesions destined to de-
velop into CRC or treatment of CRC at an early stage. In most
endoscopies when no such lesions are detected, no preventive
effects are provided. Nevertheless, the evaluation of the impact of
endoscopy screening on CRC mortality is meaningful for coun-
tries where endoscopy is widely used for primary CRC screening
and largely represents screening coverage. In countries with
FOBT-based screening programs, the number of eventual colo-
noscopic examinations should be considered together with the
extent of FOBT use to enable a complete picture of the protective
effects of CRC screening. Nonetheless, the relatively low uptake of
endoscopy in most of the countries in our analysis represents
primarily the lack of screening program in 2004/05, in particular
in Greece, the Netherlands, and Sweden (8).

Although colonoscopy/flexible sigmoidoscopy use in 2004/5
was found to be associated with a trend of downward CRC
mortality, multiple factors other than screening would have also
contributed to the decline in mortality observed in many of the

European countries examined over the decade in question. For
example, the adoption of total mesorectal excision of rectal tu-
mors, adjuvant chemotherapy for high-risk colon cancer, neo-
adjuvant radiotherapy for rectal cancer, and other improvements
in best available treatment procedures is believed to be 1 major
contributing factor to the progress in CRC survival (33-35). The
change in risk or protective factors, such as reduced tobacco
consumption and regular use of aspirin, might also partially ex-
plain the declines in CRC mortality in some countries (36-38). In
Denmark, although CRC screening was implemented in 2014 and
endoscopy use in 2004/05 was at an average level, a considerable
reduction in CRC mortality was identified, which might be related
to a larger than average decline in smoking prevalence (38) in
addition to a much higher mortality rate in the reference year of
2004. Changes in specific CRC risk factors might also explain the
increases in CRC mortality observed in men in Sweden and
Greece. For example, 1 potential explanation can be the un-
favorable trends in obesity, whose prevalence has strongly in-
creased in the recent decades (39,40). Further studies are
warranted to determine the specific reasons for the change in
mortality in a specific country.

A substantial variation in the absolute CRC mortality was also
identified across the countries, which might reflect the cross-
national differences in multiple CRC influencing factors, such as
dietary factors, socioeconomic status, and the adoption of pre-
ventive measures. To understand the degree of protection each
factor can provide, further studies comparing the impact of each

Table 2. Rate ratios (RRs) and 95% confidence intervals (Cls) for colorectal cancer mortality from negative binomial regression models

Adjusted for age and sex

Adjusted for age, sex, and country
(random intercept)

Adjusted for age, sex, and country
(random intercept and slope)

RR (95% Cl) RR (95% Cl) P RR (95% Cl) P
Annual mortality change over 2004-2015, 0.989 (0.985-0.993) <0.0001 0.987 (0.985-0.990) <0.0001 0.987 (0.981-0.994) <0.001
per 10% higher endoscopy uptake
10-yr mortality change over 2004-2015, per 0.892 (0.857-0.928) <0.0001 0.880 (0.860-0.901) <0.0001 0.879 (0.822-0.940) <0.001

10% higher endoscopy uptake
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Figure 4. Estimated colorectal cancer (CRC) mortality change over 2004-2015 for different endoscopy uptake rates in 2004/05. Error bars represent the

95% confidence interval for estimated CRC mortality change.

factor simultaneously, for instance the calculation of population
attributable fraction, are needed.

This analysis is one of the first attempts to quantitatively
evaluate the impact of lower gastrointestinal endoscopy use in the
general population on CRC mortality trends in European coun-
tries. Previous studies have evaluated the impact of FIT-based
screening programs in Italy or multiple modalities in the United
States (41,42). One of the major strengths of our study is the use of
nationally representative data on both endoscopy utilization and
CRC mortality rates. Although no specific validation of self-
reported endoscopy use was available in SHARE, high validity of
self-reported lower gastrointestinal endoscopy use has been
demonstrated in other questionnaire studies of similar study
populations from Europe (43,44). Some limitations should also be
noted when interpreting the results from this study. First, given
that some countries introduced CRC screening programs over the
study period, the cross-national variation in endoscopy use might
not stay stable and the same as in the reference year. However,
considering it takes a few years for the screening practice to have a
substantial effect on mortality (45), the influence should be lim-
ited. A further limitation relates to the use of FOBT-based CRC
screening program in a number of European countries (8,9). In
these countries, as colonoscopy use correlates with the number of
FOBT-positives, a low sigmoidoscopy/colonoscopy uptake rate
does not necessarily translate into a low adherence to screening or
lack of protection against CRC mortality. Nevertheless, in our
study, the observed low endoscopy uptake rates back in 2004/05
in some countries most likely reflect a lack of screening program
and low utilization of screening tests. Furthermore, the setup of
the questionnaire did not allow us to distinguish between sig-
moidoscopy and colonoscopy; however, the overall effects of
sigmoidoscopy and colonoscopy combined on CRC mortality
should be similar to the effects as if all these endoscopies are
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colonoscopy examinations, considering that the majorities of
CRC are distal, and studies have consistently shown much weaker
effects of colonoscopy for proximal cancers (35). Finally, al-
though the overall change in age-standardized mortality rates
over 2004-2015 in Switzerland and France was not comparable
with those of other countries because of missing data for the
recent years, the estimation of average annual percentage changes
enabled a complete cross-national comparison.

In summary, this ecological analysis provides an assessment of
cross-national variations in CRC mortality trends over
2004-2015 in 11 European countries according to cross-national
variations in lower gastrointestinal endoscopy use. Endoscopy
uptake was found to be negatively associated with the magnitude
of mortality changes, with larger reduction occurring in countries
with higher uptake. Although multiple factors might have con-
tributed to the disparities in mortality trends, our data support
suggestions that a considerable fraction of protection against
CRC mortality is delivered through endoscopy use, especially
screening endoscopy use. Our study provides quantitative evi-
dence of the potential of further enhancement of CRC screening.
Improved colonoscopy techniques and practices such as better
bowel preparation and longer withdrawal times are likely to
contribute to even higher levels of CRC prevention. With many
European countries having recently developed or implemented
their CRC screening program, an increase in endoscopy use and
further reduction in CRC mortality would be expected.
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Study Highlights
WHAT IS KNOWN

/ Lower gastrointestinal endoscopy use and CRC mortality
trends vary widely across European countries.

Experience from the United States over the past decades
suggests that the widespread use of colonoscopy, including
screening colonoscopy, is a major contributing factor to the
declining CRC mortality.

It is unclear whether the cross-national variation in CRC
mortality change in Europe can be explained by the cross-
national variation in lower gastrointestinal endoscopy use.

WHAT IS NEW HERE

/ This analysis for the first time quantifies the association of
colonoscopy/sigmoidoscopy use with CRC mortality changes
among 11 European countries.

/ The temporal trend in CRC mortality varied with different
colonoscopy/sigmoidoscopy uptake rates.

Colonoscopy/sigmoidoscopy uptake was negatively
associated with the magnitude of CRC mortality changes over
2004-2015, with more pronounced declines occurring in
countries with higher colonoscopy/sigmoidoscopy uptake.

TRANSLATIONAL IMPACT

\/ These data serve as quantitative evidence for the benefit of
colonoscopic screening and suggest that a further increase in
the use of such screening may lead to still more benefit.
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