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ORIGINAL ARTICLE
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population cohort study

Jiangrong Wanga , Bengt Andraeb,c, Bj€orn Stranderd,e , P€ar Spar�enb and Joakim Dillnera,f

aDepartment of Laboratory Medicine, Karolinska Institutet, Stockholm, Sweden; bDepartment of Medical Epidemiology and Biostatistics,
Karolinska Institutet, Stockholm, Sweden; cCentre for Research and Development, Uppsala University/Region of G€avleborg, G€avle, Sweden;
dDepartment of Obstetrics and Gynaecology, Institute of Clinical Science, Sahlgrenska Academy, University of Gothenburg, Gothenburg,
Sweden; eThe Regional Cancer Centre, Western Health Care Region, Gothenburg, Sweden; fKarolinska University Laboratory, Karolinska
University Hospital, Stockholm, Sweden

ABSTRACT
Background: Cervical cancer incidence in Sweden decreased from 24/100,000 in 1965 to 8/100,000 in
2011, but has from 2014 increased to 11/100,000. The increase appears to correlate to screening his-
tory. We perform a study of the cancer risk change in relation to screening history over two screening
rounds to verify the correlation.
Material and methods: We studied the cohorts of all 3,047,850 individual women living in Sweden in
each year from 2002–2015. Registry linkages between the Total Population Register, the Swedish
National Cervical Screening Registry, the Swedish Cervical Cancer Audit database and the National
Quality Register for Gynecological Cancer, defined the incidence rates of invasive cervical cancer com-
paring time periods 2002–2013 to 2014–2015, in women whose screening history in 2 screening inter-
vals prior to each year were either (i) adequately screened with normal results (almost exclusively
cytology, 52% of the population) or (ii) unscreened (13% of the population). We also investigated the
incidence increase by time since a normal smear performed in 2002–2012.
Results: Among women adequately screened with normal results there was a strong incidence
increase in 2014–2015 compared to previous years (Incidence rate ratio (IRR) ¼ 1.59, 95%CI ¼
1.36–1.85), but no significant increase among unscreened women (IRR ¼ 1.09, 95%CI ¼ 0.94–1.27).
There was no increase in incidence 0–2.5 years after a normal smear over the study period (IRR ¼ 1.04,
95% CI ¼ 0.88–1.24), but a strong increase 3–4 years after a normal smear since year 2009 (IRR ¼ 1.52,
95% CI ¼ 1.25–1.84).
Conclusion: The results suggest that the overall increase is associated with an increased cancer risk in
women adequately screened with normal cytological results. Possibly, precursor lesions missed in one
screening round might result in detection of early stage invasive cancer in the subsequent screening.
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Introduction

Cervical screening prevents cancer by detecting and treating
pre-cursor lesions. The incidence of invasive cervical cancer
in Sweden decreased from 24/100,000 in 1965 to 8/100,000
in 2011. In 2010, cervical cancer incidence in Sweden was
estimated to be only 35% of the projected incidence of a no
screening scenario [1]. However, from 2014 the incidence of
cervical cancer in Sweden had an about 20% increase and is
now 11/100,000 (Supplementary Figure 1), corresponding to
approximately 100 extra annual new cases compared to the
previous period [2].

Our previous report indicated that the increase is mainly
seen (i) in women aged below 65 (ii) in early FIGO stages (iii)
only in some counties (laboratories) in Sweden and (iv) in
women who have attended screening [2]. These characteris-
tics suggest that the increase may be associated more with

cervical screening performance, rather than changes in over-
all risk factors such as HPV infection. Sweden has had an
organised cervical screening programme since the 1960s,
and current screening coverage is >80% in women aged
23–60 years [3,4]. The Swedish National Cervical Screening
Registry (NKCx) conducts quality assurance of the cervical
screening programme and has found a steadily improving
screening coverage in recent years [4,5]. The unexpected
incidence increase despite the non-inferior quality indicators
of screening called for a detailed investigation.

To comprehensively investigate whether screening per-
formance may be one of the reasons for the incidence
increase, we examined cervical cancer incidence over
14 years in relation to screening history over two screening
rounds for all women resident in Sweden, using individual-
level registry linkages. A preliminary analysis over a single
screening round was previously reported in Swedish [2].
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Material and methods

This study included the women aged between 29 and 65
who were resident in Sweden during 2002–2015. Total
Population Register (TPR) [6] was used to identify the age-eli-
gible population living in Sweden in each year. Individual
women’s screening history in the past two screening inter-
vals prior to each calendar year were identified from the
Swedish National Cervical Screening Registry (NKCx). NKCx
records date and result of cervical screening tests performed
in Sweden, reaching close to 100% coverage in entire coun-
try since 1995 [7]. Diagnoses of invasive cervical cancer were
retrieved from two sources: (1) in year 2002–2011 from the
National Cervical Cancer Audit database, based on the
National Cancer Registry (NCR) where all cases have under-
gone thorough clinical and pathological review [8]; (2) in
year 2012–2015 from the Swedish National Quality Register
of Gynecological Cancer. The reason for using these data-
bases is mainly that the cervical cancer diagnoses in the two
databases have undergone rigorous reviews. The NCR con-
tains data over the whole study period, but the cancer diag-
noses are recorded at a more preliminary stage of the full
diagnostic process and may be somewhat less accurate.
Sensitivity analysis based on cervical cancers derived from
NCR during the whole study period 2002–2015 was also per-
formed to check whether the use of the rigorously reviewed
data sources could affect the results. Individual-level data
linkage was performed using the unique personal identifica-
tion number each individual has in Sweden.

The study was built on multiple birth cohorts by calendar
year. For each year from 2002–2015, women who lived in
Sweden entered the cohort at the beginning of the year,
and were followed until the diagnosis of invasive cervical
cancer, emigration, death or end of the year whichever came
first. Women in each year’s cohort were classified by screen-
ing history in the preceding two screening intervals. The
length of recommended interval was based on age: 3 years
for ages 23–50 and 5 years for ages 51–60, some counties
invited women up to age 65. Therefore, two screening inter-
vals were translated to six, eight or ten years for women
aged 29–53, 54–58 and 59–65 at each study year respect-
ively. For all cervical cancer cases, cervical tests within six
months prior to cancer diagnosis was disregarded since they
were diagnostic tests with no potential for cancer preven-
tion. In the present study, women being adequately
screened, i.e. being screened in both of the two intervals
with only normal results (almost exclusively cytology, but
including high-risk HPV negative results in primary screening,
which for Sweden in the years under study was only present
in a randomised implementation trial in Stockholm county
launched in 2012 (Supplementary Table 1)), and women
completely unscreened in any of the two intervals
were included.

We present the proportion of women being adequately
screened with normal results and women unscreened among
total population by year from 2002–2015. We calculated
yearly age-standardised incidence rates (IR) of invasive cer-
vical cancer by the two screening history groups, standar-
dised by the age distribution of the entire female population

during 2002–2015. Incidence rate ratios (IRR) and 95% confi-
dence interval (CI) of invasive cervical cancer comparing
years 2014–2015 to 2002–2013 by the two screening history
groups were estimated in Poisson regression models,
adjusted for age group. In the sensitivity analysis, country of
birth of women was also adjusted for. Among women
adequately screened with normal results, we further esti-
mated age-stratified IRs and IRRs. Furthermore, we plotted IR
of cervical cancer over time following cytological normal
screening results, by calendar year of the screening test in
every two-year category. In the sensitivity analysis using NCR
linked to comprehensive HPV vaccination registers [9], we
assessed the number of women being vaccinated and num-
ber of cervical cancer cases diagnosed after HPV vaccination
during the study period, to investigate whether use of pre-
ventive vaccines could reasonably have affected our findings.
Cervical screening is organised by 21 different regions in
Sweden. Most regions have only a single laboratory, resulting
in that effect of county and laboratory cannot be separated.
We estimated IRRs by lab/county among women being
adequately screened with normal results in supplementary
analysis. In addition to IRR and CI for individual counties/
labs, we also analysed whether the difference in IRRs across
labs/counties is significant by testing the difference in
model-fitting (likelihood-ratio test) between the models with
and without the interaction term between lab and calen-
dar year.

The Regional Ethics Committee in Stockholm, Sweden,
granted ethical approval for this study and concluded that
informed consent from the study subjects was not required.

Results

Study population

The study included 3,047,850 individual women. Number of
women in each year’s cohort as well as number of women
adequately screened and unscreened in the past two inter-
vals, are presented in Table 1. The proportion of women
adequately screened and unscreened in the population were
generally stable over the study period. Among women
adequately screened with normal results entering cohort
2014 and 2015, 99.5% and 98.8% were defined by cytology
tests, respectively.

Incidence rate over 2002–2015

Over the study period, the age-standardised incidence rate
(ASIR) of invasive cervical cancer among women unscreened
in the prior two screening intervals was as high as 30–40 per
100,000 person-years and fluctuated over time. No abrupt
increase was observed from 2014 (Figure 1(a)). Whereas the
ASIR in women adequately screened with normal results in
the prior two intervals was relatively flat at around 6 per
100,000 person-years up to 2013 and strikingly increased to
around 9 per 100,000 person-years in 2014-2015
(Figure 1(b)).
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Table 1. Number of women and person-year of the study cohorts, in total and by screening history in the preceding two screening intervals.

Year

All women Adequately screened, normal Unscreened

Number Person-year Number % among all women Person-year Number % among all women Person-year

2002 2128478 2116354.5 1064109 50.0 1059238.7 275574 12.9 272777.6
2003 2145456 2133015.5 1103854 51.5 1098786.0 270540 12.6 267576.4
2004 2161969 2155263.0 1123933 52.0 1121832.8 268725 12.4 266445.4
2005 2173467 2160671.1 1146521 52.8 1141139.9 267907 12.3 264956.8
2006 2181994 2168958.9 1154817 52.9 1149409.2 267690 12.3 264554.2
2007 2194963 2181682.2 1152162 52.5 1146893.5 271284 12.4 267804.0
2008 2205914 2198949.9 1169298 53.0 1167050.7 272634 12.4 270299.6
2009 2215143 2202549.2 1177987 53.2 1172583.1 274624 12.4 271860.9
2010 2221264 2207396.7 1174333 52.9 1168961.6 276791 12.5 272921.4
2011 2220595 2207300.4 1158980 52.2 1153624.0 281573 12.7 278294.6
2012 2219686 2211932.7 1162786 52.4 1160595.9 285379 12.9 282499.1
2013 2218258 2204324.8 1182600 53.3 1177082.9 288214 13.0 284590.5
2014 2219117 2205206.7 1183264 53.3 1177686.3 290620 13.1 287140.0
2015 2222867 2207799.4 1168235 52.6 1162635.7 295143 13.3 290797.1

Figure 1. Age-standardised incidence rate of invasive cervical cancer 2002–2015 among women unscreened (a) and adequately screened (b) in the preceding two
screening intervals.
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Among women adequately screened, the incidence in
2014–2015 was estimated to be 59% higher than the inci-
dence in 2002–2013 after adjusting for age. This increase
was statistically significant, while among women unscreened,
there was no statistically significant increase in incidence
comparing 2014–2015 to 2002–2013 (Table 2). The sensitivity
analysis using cervical cancer cases derived from National
Cancer Registry showed very similar results (Supplementary
Table 2), and the sensitivity analysis adjusting for country of
birth did not alter the estimates (Supplementary Table 2).

Among women adequately screened with normal results,
the increase of incidence from 2014 was mainly observed
and statistically significant at ages 29–39 and 40–49 years
(Table 2). The increase tended to vary across the >20 labs/
counties over Sweden. Some counties had no increase in
incidence in women adequately screened whereas some
counties had highly statistically significant increases
(Supplementary Table 3). The overall difference in IRRs across
labs/counties was not statistically significant (p¼ .246, includ-
ing all counties with >5 expected cases of invasive cervical
cancer in 2014–2015 among women being adequately
screened (Supplementary Table 4)).

Incidence rate over time since normal screening results

The incidence of invasive cervical cancer in the following
0–2.5 years after a normal screening test was very low, but
3–4 years after a normal screen it was substantial and
increasing, thus indicating the cancers detected through
screening tests at the subsequent screening interval. The
incidence 3–4 years after normal screening result was higher
when the initial normal smears were taken in 2009–2012
compared to smears taken in 2002–2008 (Figure 2), corre-
sponding to a statistically significant 52% higher incidence
(Table 3).

HPV vaccinations in the studied cohorts

The sensitivity analysis linking to HPV vaccination registers
found that, <0.5% of women in the studied cohorts were
HPV vaccinated. Among the 5615 vaccinated women enter-
ing cohorts 2014–2015, and the 3351 vaccinated women
entering cohorts 2002–2013 who were adequately screened,
only one woman had cervical cancer after the vaccination for

each time period. Among unscreened women, no cervical
cancer case was previously vaccinated.

Discussion

Main findings and interpretations

This study found that the increase of cervical cancer inci-
dence in Sweden was particularly strong among women
repeatedly screened with normal results, and not seen
among unscreened women. The increased cancer risk in the
next screening interval after a normal smear started with
tests taken in 2009.

The reason behind the finding is most likely an insuffi-
cient detection of abnormalities in the cervical screening
tests from 2009 and onwards. It is less likely to be mainly
due to increased risk factors such as HPV infection in the
population, because 1) the increase did not appear gradually
but was rather steep since 2014; 2) no evident increase was
observed among unscreened women 3) the increase in
women adequately screened tended to vary across labs/
counties (Sweden has regionalised medicine, where there is
typically only one laboratory per county).

All labs in Sweden except one switched to liquid-based
cytology (LBC) during 2008–2012. If this had resulted in an
improved detection of prevalent cases, the incidence
increase should have dropped down substantially after the
3-yearly screening interval. Instead, the higher incidence of
cervical cancer has been maintained for 4 years according to
the Swedish National Cancer Registry. Moreover, among
labs/counties who have switched to LBC, some had increased
incidence and some had not, and the only lab/county which
did not switch to LBC also had a statistically significantly
increased incidence in women adequately screened.
However, because the switch to LBC largely overlapped with
the two comparison periods, which are the studied exposure,
it has not been possible to rule out an effect of LBC due to
this extensive co-linearity.

The fact that the increase of cervical cancer was mainly
on FIGO stage IA and IB [2], which are often asymptomatic
and usually detected in screening, goes hand in hand with
the finding of increased cervical cancer in 3–4 years after a
normal smear taken after 2009. They together imply that pre-
cursor lesions may have been missed in the recent ‘normal’
smears. In the subsequent screening round an early stage,
asymptomatic invasive cervical cancer has then developed
and was detected.

To verify whether reduced sensitivity of screening test is
the underlying reason, a re-review of all normal smears in
Sweden, taken up to 10 years preceding a cervical cancer
diagnosis during 2008–2016 is ongoing. Preliminary results
based on 23 out of the 28 labs in Sweden revealed a higher
false negative rate in recent years.

Strengths and limitations

The strengths of this study included that it uses the full
population and all cervical cancer cases of the entire country,

Table 2. Incidence rate ratio of invasive cervical cancer in 2014–2015 com-
pared to 2002–2013, among women adequately screened with normal results
and women unscreened in the preceding two screening intervals.

Year
Number
of cases

IRR
(95% CI) p value

Adequately screened 2014–2015 204 1.59 (1.36–1.85)a <.0001
2002–2013 753 Ref.

Age 29–39 2014–2015 85 1.96 (1.53–2.50) <.0001
2002–2013 266 Ref.

Age 40–49 2014–2015 70 1.75 (1.34–2.29) <.0001
2002–2013 223 Ref.

Age 50–65 2014–2015 49 1.09 (0.81–1.48) .5612
2002–2013 264 Ref.

Unscreened 2014–2015 201 1.09 (0.94–1.27)a .2459
2002–2013 1033 Ref.

aAdjusted for age group.
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which were individually linked to the complete national
registry of cervical screening, as well as population data on
migration and death. These ensured unbiased evaluation,
and the registers provided data for a sufficient period of
time for comparisons.

Limitation of the study is mainly the different sources of
cervical cancer diagnoses before and after 2012. There is
slight discrepancy in number of cases between the National
Cancer Registry and the national quality register for gyneco-
logical cancer, but sensitivity analyses found that use of case
definitions for either source did not alter our results.

Comparison with other studies

Several countries also reported increased incidence of cer-
vical cancer in recent years. UK’s incidence increase is limited
to very young ages and could be due to changes in screen-
ing policies or data reporting [10]. Norway had an overall
incidence increase, with a varied increase between regions.
Denmark also showed regional differences, where North
Jutland and Southern Denmark region exhibited increases,
but no increases were seen in the capital region [11]. As far
as we are aware, no other countries have as yet compared
the incidence increase in relation to screening history.

Other considerations

The Swedish government mandated switching to HPV-based
screening in 2015. Although several counties introduced this in
2016–2017, large parts of Sweden have not yet introduced HPV-
based screening. Given the increased cervical cancer incidence
after a normal cytological screening, an increased emphasis on
switching to HPV-based screening is a health priority.
Nevertheless, as cytology is used for triaging of HPV-positive
women in the HPV-based screening programme, an intensifica-
tion of the surveillance of the quality of cytology when used for
triaging HPV-positive women may be warranted.

Comprehensive records of HPV vaccination found that
<0.5% of the women were HPV vaccinated before entering
the cohorts and only 2 cases of cervical cancers were HPV
vaccinated prior to their cancer diagnosis. Therefore, we can
rule out that HPV vaccination has had any impact on the
recent increase in cervical cancer in Sweden.

Conclusion

This study finds a profound increase of cervical cancer inci-
dence among women adequately screened with normal
cytology results in the preceding two screening intervals.
Although formal evidence from a re-review is pending, the
finding suggests that an insufficient detection of cervical pre-
cursor lesions in screening from 2009 and onwards may be a
cause of the increased incidence of cervical cancer.

Disclosure statement

JD has formerly been recipient of grants to his institution for research
on HPV vaccines from a manufacturer of such vaccines (Merck). The
other authors report no conflicts of interest.

Figure 2. Incidence rate of invasive cervical cancer over year since a normal smear, by year of the smear.

Table 3. Incidence rate ratio of invasive cervical cancer in different follow-up
periods after a normal smear, comparing 2009–2012 to 2002–2008 at
smear taken.

Follow-up period Year of smear IRR (95%CI) p value

0–2.5 years 2009–2012 1.04 (0.88–1.24) .6502
2002–2008 Ref.

3–4 years 2009–2012 1.52 (1.25–1.84) <.0001
2002–2008 Ref.
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