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In Finland the cervical cancer screening programme has reduced the incidence
and mortality of cervical cancer substantially over the decades. Currently the
nationwide participation rate of the screening programme is around 70 %. The
effectiveness of cervical cancer screening needs now more research and adjustment
than ever, as new screening tests are taking place, HPV-vaccination programme
has started and the incidence rate of cervical cancer is growing among 30 - 40 year
old women.
Our aim in this thesis is to assess the current situation and possible new trajectories
of Finnish cervical cancer screening, and to further examine the differences in the
effectiveness of the screening programme in different age groups and in different
health care districts. This is examined with moving average modelling of age
and district dependent time series of incidence, mortality and participation rates.
There are significant age-dependent differences in all of these. The age-dependent
incidence and mortality rates follow similar trends in all five of the health care
districts. The participation rate levels are lower among younger women in all of
the districts, but the directions of the participation rate trends differ between the
districts.
We also examine the effects of the COVID-19 pandemic to the cervical cancer
screening participation in Finland by comparing the cumulative participation rates
of the years 2019 and 2020. The cumulative participation rate is significantly lower
in 2020 than in 2019.
Based on our research, and earlier research, there are differences in the effectiveness
of the screening programme in different demographic groups and different areas.
In the future we need to focus on correcting these inequalities by creating better
nationwide guidelines and by adding the knowledge of the importance of cervical
cancer screening.
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Kohdunkaulan syövän seulontaohjelma on vähentänyt kohdunkaulan syövän il-
maantuvuutta ja kuolleisuutta Suomessa merkittävästi vuosikymmenten aikana.
Koko Suomen laajuinen osallistumisaktiivisuus seulontaohjelmaan on 70 % luokkaa.
Seulonnan vaikuttavuus tarvitsee tällä hetkellä, uusien seulontatestien tultua käyt-
töön, HPV-rokoteohjelman alettua ja ilmaantuvuuden noustessa 30 - 40-vuotiaiden
naisten keskuudessa, enemmän tutkimusta kuin koskaan.
Tavoitteemme tässä opinnäytetyössä on kartoittaa kohdunkaulan syövän seulon-
nan tämänhetkistä vaikuttavuutta eri ikäryhmissä ja eri terveydenhuollon eri-
tyisvastuualueilla, sekä pohtia seulonnan tulevia suuntia. Tutkimme seulonnan
vaikuttavuutta visualisoimalla ilmaantuvuus-, kuolleisuus- ja osallistumisaikasarjat
ikäryhmittäin ja erityisvastuualueittain, sekä mallintamalla näiden aikasarjojen
trendejä liikkuvien keskiarvojen avulla. Ilmaantuvuus- ja kuolleisuustasot, sekä
niiden trendit ovat hyvin samankaltaisia eri erityisvastuualueiden välillä. Huo-
lestuttava ilmaantuvuuden kasvu nuoremmissa ikäryhmissä on nähtävissä sekä
valtakunnallisella tasolla, että eri alueiden yksittäisissä aikasarjoissa. Osallistumi-
saktiivisuus oli alhaisempaa nuorissa ikäryhmissä kaikilla eri erityisvastuualueilla,
mutta osallistumisaktiivisuustrendien suunnat vaihtelivat alueittain.
Tutkimme myös COVID-19 pandemian vaikutusta kohdunkaulan syövän seulon-
nan osallistumisaktiivisuuteen Suomessa vertailemalla vuosien 2019 ja 2020 ku-
mulatiivista osallistumisaktiivisuutta. Kumulatiivinen osallistumisaktiivisuus oli
huomattavasti pienempi vuonna 2020 kuin vuonna 2019.
Tutkimuksemme, sekä aiempien tutkimusten, perusteella, seulonnan vaikuttavuu-
dessa on eroja eri väestöryhmien ja maantieteellisten alueiden välillä Suomessa.
Tulevaisuudessa meidän täytyy keskittyä näiden erojen kaventamiseen luomalla
kattavempia, yhtenäisiä ohjeita seulonnan järjestäville kunnille ja lisäämällä yleistä
tietoisuutta kohdunkaulan syövän seulonnan tärkeydestä.

Avainsanat: kohdunkaulansyöpä, kohdunkaulan syövän seulonta, kohdunkaulan
syövän ilmaantuvuus, kohdunkaulan syövän kuolleisuus, osallistu-
misaktiivisuus kohdunkaulan syövän seulontaan, COVID-19
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1 Introduction
Cervical cancer is the most common gynecological cancer in the world. Its incidence
varies highly between different continents and countries and it possesses a major
public health risk especially in the lower-resource countries. Unlike many other
cancers, cervical cancer is the most common among young, fertile women. Thus the
harmful effects it causes, both on individuals and on society, can be greater than
the effects of other cancers. The development of cervical cancer has been found to
primarily be a cause of two factors; human papillomavirus (HPV) infection and lack
of sufficient screening. [1]

The formation of cervical cancer is most often preceded by a persistent HPV
infection and several long-lasting precursors, which makes it an excellent target for
cancer screening. The main intention of cervical cancer screening programmes is to
reduce the incidence and mortality of cervical cancer. The screening programmes
have proved their efficacy, and in many countries having sufficient screening, cervical
cancer incidence and mortality have reduced to a low level. [2]

Finnish cervical cancer screening programme was established in 1963. Before this
nationwide screening programme, cervical cancer was the 3th most common cancer
among women, but has since dropped to be only the 19th most common. However,
after 1990 cervical cancer incidence has started to increase again in higher-resource
countries, also in Finland. The increase in the incidence can be seen especially
among younger women, aged between 30 and 40. New screening tests are taking
place alongside Papanicolau tests, and their effects on the efficacy of the screening
programme need constant validation. Also a HPV vaccination programme started
in Finland in 2013 and it will have an effect on the cervical cancer incidence in the
future. [3]

In this thesis we examine the incidence and mortality rates and trends of cervical
cancer among different age groups and different health care districts in Finland. Our
goal is to find out and highlight any age and district dependent differences, so that
their reasons could be further analyzed in consequent studies. In order to see, if the
same age-dependent trends in cervical cancer incidence and mortality can be seen
also in other Nordic countries, which have quite similar screening programmes, we
compare the incidence and mortality data from Finland to the corresponding data
from other Nordic countries.

The nationwide participation rate of the cervical cancer screening programme in
Finland is around 70 %. Younger women participate less to the screening, which has
thought to be one of the causes behind the more steeply rising incidence rates among
younger women. The participation in the cervical cancer screening programme also
varies between the different health care districts. In this thesis we want to examine
how the age-specific participation rates vary between the five health care districts of
Finland and if the current age-specific participation rate trends are similar between
the districts. We also further examine if there is a clear link between the age-specific
cervical cancer screening participation and the age-specific cervical cancer incidence
in different health care districts in Finland. It is important to know how much the
screening participation has an effect on the incidence of cervical cancer and if there
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are any regional differences in the magnitude of this effect. [4]
In the year 2020 the world suffered from the COVID-19 pandemic. The pan-

demic had various effects to the health care system, and most of them are yet to
uncover themselves. We also examine the effect of the COVID-19 pandemic to the
participation in the cervical cancer screening programme in Finland.
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2 Background

2.1 Cervical cancer
Worldwide, cervical cancer was the fourth most common cancer and the fourth most
common reason for cancer death among women in 2018. Approximately 570 000
women developed cervical cancer and 311 000 died from it. The incidence and
mortality of cervical cancer are significantly higher in lower-resource countries, in
which 84 % of cervical cancer cases and 88 % of all cervical cancer deaths occur. [5]
The establishment of nationwide cervical cancer screening programmes have reduced
the incidence and mortality of cervical cancer in many higher-resource countries.
Despite the clear effectiveness of these screening programmes, they need constant
evaluation and development in order to keep the incidence low. There are big
differences in the effectiveness of these programmes in different demographic groups,
and this fact needs to be more closely studied.

Almost all cervical cancer cases are caused by a persistent HPV infection. In
1995 Bosch et al. studied 932 invasive cervical cancers collected from 22 countries
and found that 92.9 % of these samples were HPV positive. [6] In a later study
Walboomers et al. showed that most of the 7 % of HPV negative samples from the
previous study were actually also HPV positive. [7]

Cervical cancer is most commonly found on women of reproductive age, and
interestingly the incidence of cervical cancer has been increasing among women under
the age of 40 since 1990. Reasons for this remain to be unknown. [5]

2.1.1 Human papillomavirus

Human papillomavirus infection is the most common cause of sexually transmitted
disease worldwide, but large majority of the infections are benign. There are around
170 different HPV types and 40 of them can cause infection on the genital area.
HPVs can also be classified to low-risk (nononcogenic) and high-risk (oncogenic)
viruses. High-risk HPV types can be found in cervical cancers and other anogenital
cancers, whereas low-risk types are mainly found in genital warts and non-malignant
lesions. [8]

Most cervical cancer cases are caused by persistent infection of certain 15 genotypes
of HPV, especially HPV16 and HPV18, which are the two most carcinogenic genotypes
of HPV. Together HPV16 and HPV18 are responsible of 70 % of cervical cancer
cases. HPV16 has been shown to more likely cause squamous intraepithelial lesions,
and thus squamous cervical cancer, and HPV18 is linked to adenocarcinoma. [9]

2.1.2 HPV prevalence

The worldwide HPV prevalence among women with normal cytology is 10 %. Highest
HPV prevalence is in Africa, 22.1 %. The prevalence is especially high in Eastern
Africa, 31.6 % and the lowest in Asia , 8.0 %, and in Europe, 8.1 % . The genotype
distribution of HPVs also differs between regions. Worldwide the most common
genotype is HPV16, which prevalence is 2.5 %. Other four most common genotypes
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are HPV18, HPV31, HPV58 and HPV52. HPV16 is also regionally the most common
genotype in every region except for Japan and Taiwan and Eastern Africa, where
the most common type is HPV52. [10]

The highest prevalence of HPV infections is found on women under the age of 25,
since women are usually infected right after their first sexual relationship. After the
age of 25 the prevalence decreases rapidly. The infections on young and middle aged
woman are usually transient, but some persist and can cause cervical lesions. [11]

Studies have found a second peak in HPV infection prevalence among older
woman, close to the age where cervical cancer prevalence is the highest. In fact,
the age-specific prevalence curve seems to follow an U-shape, meaning that the
prevalence is at its lowest among middle aged women. This finding has been done in
many different populations all over the world, except in Asia where the age-specific
prevalence curve is smoothly decreasing. These differences in the prevalence curves,
could be a consequence of different sexual behaviours among different cultures or
of different HPV prevalence levels in different areas. However in a prevalence study
meta-analysis the adjustment for potential confounding factors (such as study design,
sampling collection device, and HPV assay) resulted in a flattening of the U-shaped
curve in the older age groups, so we can not say with confidence that the U-shape is
statistically significant. [12]

The prevalence of the infection roughly depends on two variables, acquisition
of the virus and its persistence. The first peak of the curve is mainly explained by
the high level of viral acquisition in young women. The second peak among older
women instead is mainly caused by viral persistence and maybe by the activation of
the latent infection due to immunosuppression. Interestingly, the second peak of the
prevalence curve has been found to be more prominent for the nononcogenic types of
HPV virus than the first. [13]

In men, HPV prevalence is lower than in women. It ranges from 3.5 % to 45 %
for all HPV types, and from 2.3% to 34.8% for high-risk HPV types. HPV prevalence
in men increased as the number of their sexual partners increased. Homosexual and
bisexual man have a particularly high HPV prevalence. The peak prevalence in men
have been found to be in the 30 - 39 age group. [12]

2.1.3 HPV transmission

The primary route of genital HPV infection is sexual intercourse, which includes
both vaginal and anal intercourse. Other mechanisms for infection are also plausible
but less common. Oral and digital infections with genital HPV also occur, but
transmission by digital–genital or oral–genital contact is rare. HPV infection can
also transmit perinatally, but this is very rare and the infections are not likely to
persist in the infants. [12]

The tansmissibility of HPV is very high, much higher then the transmissibility
of other sexually transmitted human viral infections. In a study using stochastic
simulation and empirical data the probability of HPV transmission per sexual act
was found to range from 5 % to 100 %, median being 40 %. In an another study,
using seroprevalence data from Finland, the per-partner male-to-female transmission
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probability for HPV16, a high-risk type of HPV, was found to be 60 %. This trans-
mission probability is similar to the transmission probabilities of highly transmissible
bacterial STIs. [12]

2.1.4 HPV pathogenesis

The papillomavirus infection happens in the basal layer cells of cervix, since the
infection requires epidermal or mucosal epithelial cells that are still able to proliferate.
Expression of early viral genes (E5, E6 and E7) leads to enhanced cell proliferation
and lateral expansion of these proliferated cells. When some of these progeny cells
migrate to the suprabasal layers, the expression of late viral genes starts and viral
oncoproteins are produced. [1]

Of the early viral genes E5 stimulates cell growth and is responsible for the earliest
stages of the infection. It does not have a proven malignant potential and is shown
to be deleted when viral DNA becomes integrated into the host-cell DNA, which
happens as HPV-infected lesions progress to cervical cancer. [1]

E6 and E7 instead have a significant role in the malignant transformation, and
are consistently expressed in cancer tissue. Their function is based on their capacity
to immortalize human cells, which leads to increased cell proliferation and eventually
cancer. Both of them inhibit known tumor suppressors, E6 p53 and E7 RB. E6
also inhibits apoptosis and activates telomerase enzyme, which both increase cell
proliferation. E7 induces centriole amplification causing aneuploidy, which is an
important part of tumorigenesis. [1]

Interestingly it is shown that only the E6 and E7 genes of high-risk HPV types
have malignant potential. [1]

2.1.5 Non-HPV risk factors

Only a very small percentage of the high-risk HPV infections develop into cervical
cancers. This means that there needs to be some other factors in addition to the
HPV infection that induce the cervical cancer formation. Some of these factors are
represented in Figure 2.1.5.

Cervical cancer and its precursors need a persistent HPV infection in order to
develop and most of the women infected clear the HPV infection by immunological
mechanisms. One important risk factor for cervical cancer is a long-lasting immuno-
suppression, since it can prevent the clearance of the HPV infection leading to a
persistent infection. Causes of immunosuppression can be for example HIV infection,
organ transplantation or an autoimmune disease. [1]

Genetic predisposition has also found to have a role in cervical cancer formation.
Magnusson et al. used the data from Swedish national registers to compare the
incidence of the disease between biological and non-biological relatives having cases of
cervical tumour. They found significant clustering among biological relatives. They
also conducted that this clustering can not be a result of vertical transmission of
HPV from mother to child, since there was no difference in the risk among siblings
who have a mother or father in common. Hence the familiality of this disease is
mainly due to genetic factors. [14]
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It was first discovered in transgenic mice studies that human cervical cancer might
also be estrogen dependent. Interestingly these mice studies highlight the fact that
estrogen acts as a cocarcinogen together with HPV oncogenes. Riley et al. created
three types of transgenic mice, one strand that expressed only viral protein E7, one
strand that expressed only viral protein E6 and one strand that expressed both E6
and E7. All of these strands were treated with estrogen. The E7 expressive strand
produced both high-grade cervical dysplasia and invasive cervical malignancies. The
E6 expressive strand did instead only create low-grade cervical neoplasia in the 6
month treatment period. The E6 and E7 double-transgenic mice produced larger and
more extensive malignancies, which indicates the fact that even though E6 doesn’t
induce malignancies alone, together with E7 it has a malignancy modulating effect.
In conclusion E7 has a cocarcinogenig effect with estrogen and E6 further modulates
this carcinogenesis. [15]

Further studies on transgenic mice discovered that estrogen might not only have
an effect on the onset of cervical malignancies but also to their persistence and
progression. HPV16 transgenic mice that were treated for a 6 month long period
with exogenous estrogen followed by a 3 month period with no estrogen treatment
created significantly fewer and smaller cervical malignancies than HPV transgenic
mice with 9 month continuous exogenous estrogen treatment. It was also shown
that withdrawing the exogenous estrogen exposure after 6 month exposure actually
created a partial regression of cervical dysplasia. [16]

Since cervical neoplasias are estrogren dependent, high parity and the use of
hormonal contraceptives increase the risk of developing a cervical neoplasia, once the
persistent infection with hrHPV has happened. Smoking also increases the risk of
cervical cancer and its precursors, as well as low socioeconomical status. These two
previously mentioned factors are heavily linked to each other, so their independent
effects remain somewhat unclear. [1]

2.1.6 Diagnosis and treatment of cervical neoplasias

The diagnosis of cervical neoplasia happens always via histopathological analysis
of cytological test. Cervical precancerous lesions are divided into two subgroups
based on the new diagnostic criteria, low-grade squamous intraepithelial lesions
(LSIL), previously classified cervical intraepithelial neoplasia (CIN) I, and high-grade
squamous intraepithelial lesions (HSIL), previously classified as CIN II or III. Signs
of LSIL are mildly atypical nuclei and mitotically active cells in the lower third of
the cervical epithelium. Signs of HSIL are more profoundly atypical nuclei, abnormal
mitotic figures and abnormally matured cells in at least the lower two thirds of the
cervical epithelium. [17]

In 1992 Syrjänen et al. conducted a study in which they studied the effects of the
new classification of cervical lesions into two grades instead of the earlier three grades.
In this prospective 10 year study, cervical precancerous lesions of 528 women were
studied. Of these lesions 77.4 % (376 of 486) were classified as LSIL and 22.6 % as
HSIL. In colposcopy the LSILs appeared more often as normal, 22.1 % of the lesions,
than the HSILs, of which only 8.5 % appeared as normal. The spontaneous regression
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Figure 1: The development of invasive cervical cancer and risk factors for cervical
neoplasias
HPV risk factors for cervical cancer are a persisting infection caused by a high-risk
type of HPV, high load of the virus and potentially more infectious virus variants.
In addition to these, there are also non-HPV risk factors, which act together with
the HPV risk factors. Non-HPV risk factors consist of smoking, mutagens, several
sexual partners, other mutagenic infections, such as herpes simplex virus, hormones,
immunosuppression and genetic predisposition. The right side of this figure shows
the development process of invasive cervical cancer and its precursors. All starts
with a HPV infection and HPV DNA persistence, which lead via the activation of
viral genes and oncoproteins to low and high grade squamous intraepithelial lesions.
These lesions can further develop to carcinoma in situ and to invasive cervical cancer.
Similar figures are presented in the literature, see [1]

was significantly higher among LSILs (63.6 %) than among HSILs (38.2 %). The
progression rate of HSILs was significantly higher (39.1 %) than of LSILs. This study
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suggests that the new classification should be revised, since it loses diagnostically
and prognostically valuable information and may lead to overtreatment, which causes
unnecessary worry in the patients. [18]

After 1992 the guidelines for sequential treatments of cervical lesions have been
improved to minimize the risk of overtreatment. Since around 90 % of LSILs have
been found to regress spontaneously over time [19], subsequent treatments of LSILs
are not usually recommended, but the next cervical screening should be arranged in
12 months. If histological LSIL persists for over 24 months, it can be treated with
excision. HSILs do not regress so often and have a higher risk to progress towards
severe malignancies, which is why treatment of HSILs is recommended. HSIL
regression is more likely to happen in younger women and with extreme caution,
HSILs of women under the age of 30 can be left without immediate treatment with
the correct follow-up monitoring. [20]

In addition to LSIL and HSIL, which are both neoplasias arising from squamous
cells of the cervical epithelium, there can also be neoplasias arising from the cervical
glandular cells. These atypical glandular cells (AGC or AGC-NOS) can develop
into adenocarcinoma in situ (AIS) and further into an adenocarcinoma. If there
is a finding of AGC-NOS but no other cytological finding (HSIL, AIS or cancer),
follow-up test is recommended after 12 months but no treatment is required. In the
case of AIS, excision is recommended. [20]

According to studies, around 20 - 30 % of these large precancerous lesions will
develop into invasive cervical cancers within 5 to 10 years. Traditionally, radical
hysterectomy has been the primary option for stage I invasive cervical cancer. Nowa-
days minimally invasive surgery has become a primary treatment for younger women,
who want to preserve their fertility, with stage I tumours. Stage II - IV tumours
are usually treated with radiotherapy and chemotherapy. The best treatment for
adenocarcinoma is yet to be found. [1]

2.1.7 Age dependency of cervical neoplasia

The spontaneous regression of cervical precancerous lesions is highly dependent on
the age of the patient. In 1991 Oortmarssen and Habbema studied this by trying to
create a stochastic model that would best describe the regression rates in women
of different age in a scenario without screening. They fitted their model into a
data from British Columbia collected in 1955 - 1957. The model fitted the data
best when different regression rates were assigned to lesions which develop under
and over the age of 34. Below the age of 34, 84 % of the precancerous lesions will
regress spontaneously and over the age of 34, only 40 % of these lesions will regress
spontaneously. [21] The risk of HSIL compared to LSIL is also higher in the older
age groups. Syrjänen et al. discovered that 46.8 % of all women with LSIL were 24
or younger, when only 37.3 % of the women with HSIL were 24 or younger. [18]

Most of young women who are tested HPV infection positive will clear the infection
in 24 months. Young women with persistent high risk HPV infections have a 14.1 %
risk in developing HSIL, which is still quite low. [22]
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2.2 Screening
2.2.1 Screening tests

Papanicolau test (Pap test or Pap smear) is a cytological method, which was es-
tablished in 1943 by Papanicolau and Traut. [23] In a conventional Pap test cells
from the transformation zone of cervix are collected onto a microscope slide using a
spatula. The collected cells are then inspected with a microscope by a pathologist
for any cellular abnormalities. The problem of Pap test is that it can sometimes lead
to false-negative results. Approximately two thirds of these false-negative results
are due to a sampling error and one third due to a detection error. Sampling error
happens, when the abnormal cells in cervix are not either collected or are collected
but not transferred to the detection slide. The most common cause of sampling error
occurs, when the cells are not collected from the transformation zone of cervix, from
where the HPV infection induced cervical neoplasias arise. [24]

In addition to the conventional Pap test there is also a newer method, liquid-based
cytology. In liquid-based cytology, the sample cells are collected as in conventional
Pap test, but after that the cells are placed to a fixative solution, filtered and finally
collected to a detection slide. This method increases the detectability of cellular
abnormalities by decreasing the amount of other sampled material, like blood and
mucus, and deposits the cells to a monolayer on the slide. [24]

In addition to the Pap test, high-risk human papillomavirus (hrHPV) test can
be used as a primary test in a population-based cervical cancer screening. In a
high-risk HPV test, cells from cervix are screened for high-risk human papillomavirus
DNA. There are several different hrHPV tests and in order for a test to be used in a
population-based screening, it has to meet the requirements of International Agency
for Research on Cancer (IARC) and World Health Organization (WHO). All new
hrHPV tests are compared to the most studied Hybrid Capture 2 (HC2) and PCR
GP5+/6+ enzyme immunoassay tests. Any new test candidate must have a good
clinical sensitivity and specificity for detection of cervical intraepithelial neoplasia
grade 2 or 3 and treatable cancer. [25]

The main challenge with hrHPV tests is that they must be able to differentiate
between the hrHPV infections that have developed or will develop to a cervical
intraepithelial lesions grade 2 (CIN 2) or grade 3 (CIN 3) and transient hrHPV
infections. In other words their specificity must be good. These transient infections are
very common among young women and this is why hrHPV tests are not recommended
as a primary screening test for participants aged below 30 (in Finland 35). Even
slight reductions to the clinical test specificity will increase the unneeded follow-up
procedures significantly, which increases costs and creates unnecessary worry and
anxiety in the screening participant. [25]

In a Canadian study, 10 154 women were randomly assigned to either a con-
ventional Pap test or to a hrHPV test. The hrHPV test sensitivity for cervical
intraepithelial neoplasia of grade 2 or 3 was found to be 39.2 % more than the
sensitivity of Pap test. The sensitivity of hrHPV test was 94.6 % and the sensitivity
of Pap test was 55.4 %. The specificity of hrHPV test was 94.1 %, which was almost
as good as the specificity of Pap test, 96.8 %. When these two tests were used
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together the sensitivity was 100 %, and the specificity was 92.5 %. [26]

2.2.2 Screening in Finland

In Finland, the screening programme for cervical cancer was established in 1963
and it has effectively decreased the incidence and mortality rates of cervical cancer.
Before the screening programme was established, cervical cancer was the third most
common cancer among women in Finland, but in 2016 its ranking had dropped to
the 19th. [3] Nowadays, yearly 160 - 170 women get diagnosed with cervical cancer
in Finland and around 50 women die from it. The relative 5 year survival rate of
cervical cancer patients is 71 %. [27]

The establishment of the screening programme was quite fast in Finland. In the
1950s the use of Pap smear got more common and it became a routine test for cervical
cancer. In 1957 first screening test was performed for 750 women, who worked at a
Helsinki post office. In this test screening the doctors found five cervical cancer cases
and one case of severe dysplasia. This test screening and its findings inspired other
larger screening tests, which occurred at Karhula, Nokia, Turku, Kotka and Espoo.
Based on the results of these tests, Finnish Cancer Association suggested that the
screening should be done to women aged between 40 and 50 with 5 year screening
interval. Screenings started rapidly and in 1964 38 municipalities arranged screenings
for women aged from 40 to 50. In 1967 the number was already 250 municipalities
and at the turn of the decade almost all Finnish municipalities arranged cervical
cancer screening. Remarkable in the beginning was also the high participation in
the screening, mean participation being 79 %. [28]

The Finnish nationwide screening programme for cervical cancer currently covers
almost the whole female population. Since 1992 there has been a bylaw that demands
the municipalities to arrange screenings for women aged between 30 and 60, but
some municipalities screen women from age 25 to age 65. The screening test interval
is 5 years, which means that women turning 30, 35, 40, 45, 50, 55 and 60 are invited
to take part in the screening tests every year. If a woman belongs to a risk group,
screening tests might be done more often than every 5 years. Risk group indication
is previous abnormal cytological findings. [29]

In the Finnish programme the screening tests are taken by a trained nurse in
local health care facilities. The screenings are free for the participants, which is a
remarkable difference to other countries with cervical screening programmes. [30]
Previously screening only consisted of a Pap test. Nowadays also a hrHPV test can
be included to the screening. In Finland the hrHPV test is taken together with Pap
smear from screening participants aged over 35. If the hrHPV test is positive, the
Pap smear will be analyzed for cytological findings. [3]

The incidence of invasive cervical cancer was 15 per 100 000 woman in Finland
during 1955 - 1964. After the establishment of the screening programme the incidence
rapidly decreased, being only 2.8 per 100 000 woman in 1991. [30]

In Finland the target population is invited to the screening tests via letter based
on the information from the population registry. The invitational coverage was
almost complete since 1971. [2] Participation rate is around 70 %, depending on the
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region, which is the borderline acceptance level according to EU guidelines. The
desirable participation rate is over 85 %. However the opportunistic screenings are
not included in the participation rate in Finland. In a study done at 2008 where
the opportunistic screenings were also taken into account, the 5-year coverage was
estimated to be 87 % of the desired population. [4]

During 2004 - 2008 an annual average of 530,000 Pap tests were taken. 84
% of these were screening tests and 16 % follow-up tests done after an abnormal
finding. 40 % of the screening tests were taken in the screening programme, 5% in
secondary healthcare and 55% as opportunistic tests. This is a remarkable finding
since opportunistic screenings are not registered centrally. [4]

2.2.3 Screening in other Nordic countries

The Council of the European Union recommends systematic population-based screen-
ing for cervical cancer. Out of all European Union member states only 9 had an
ongoing population-based cervical cancer screening programme in 2016. The Nordic
countries have been true pioneers in cervical cancer screening, since population-based
programmes started in Finland, Iceland and Sweden in the 1960s, in Denmark in the
1980s and in Norway in the 1990s. [31]

In Denmark the screening programme started in 1967 and since 1986 the targeted
age range has been 23 - 59. The recommended screening interval is 3 years (5 years
in some counties) and the screening is free. Overall recommended number of lifetime
smears is 13. [2] Currently both hrHPV test and cytology test are used in the
screening. [31]

In Iceland the screening programme started in 1964 and it has covered the age
group 20 - 69 since 1988. The recommended screening interval is 2 years, which leads
to 25 recommended smears in a lifetime. Screening is not free and a screening test
costs around 25 euros. [2]

In Norway a screening pilot started in 1992 and the actual population-based
screening programme in 1995 (in 1959 in one county). The screening programme
has covered the age group 25 - 69 since the pilot started in 1992. Recommended
screening interval is 3 years and screening is not free. Recommended number of
lifetime smears is 15. [2]

In Sweden the screening programme started during 1967–1973 in different counties
and in 1977 in Gothenburg. The screened age group has been 23 - 60 since 1999.
The screening interval is 3 years in ages 23–50 years and 5 years in ages 51–60
years. Screening is free in some counties, but not in all. Recommended number of
lifetime smears is 12. [2] Currently both hrHPV test and cytology test are used in
the screening. [31]

In all Nordic countries, except for Finland, only women without a recent smear
are invited with a letter. Otherwise the target population is not personally invited,
they just have the opportunity to participate in the smears. [2] Despite this the
coverage is good in all Nordic countries, between 78 and 84 % in Iceland, Norway
and Sweden.

Study conducted by Vaccarella et al. estimated that without the screening
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Table 1: Screening programmes in the Nordic countries

This table presents the starting years, the target ages, the recommended
screening intervals and the costs to the participant of the cervical cancer
screening programmes in Nordic countries. The population-based screening
programmes started in the 1960s in Denmark, Iceland, Sweden and Finland. In
Norway the population-based cervical screening programme was established as
late as in the 1990s. The information for this table is gotten from a larger table in [31].

Country Programme
established

Target age
group (since)

Recommended
screening in-
terval

Cost to the
participant

Finland 1963 30–60 (1993)
(25 - 60 in
some munici-
palities)

5 years Free

Sweden 1967–1973 in
different coun-
ties, Gothen-
burg 1977

23–60 (1999) 3 years in ages
23–50 years; 5
years in ages
51–60 years

Not free

Norway 1995, pilot
1992 (pro-
gramme in
one county in
1959–1977)

25–69 (1992) 3 years Not free

Denmark 1967 23–59 (1986) 3 years (some
counties 5
years in >45
or 50)

Free

Iceland 1964 20–69 (1988) 2 years Not free
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programmes cervical cancer rates in Nordic countries, would be comparable to the
highest ones observed in low-resource countries. In this study Vaccarella et. al
used ad hoc-refined age-period-cohort (APC) models, which were applied to the last
50-year incidence data from Denmark, Finland, Norway and Sweden, to model the
expected cervical cancer cases in a no-screening scenario. They estimated that over
60 000 cervical cancer cases have been prevented in Nordic countries with screening
programmes and treatment of screen-detected cervical lesions. They also found out
that the benefit of the screening increased over time. [32]

2.2.4 Cervical cancer screening among gender minorities

As HPV is the most common sexually transmitted disease and it spreads between
partners in any gender and sexual orientation, it is clear that HPV infections can also
be found in people belonging to gender minorities. In USA there are 1 - 1.4 million
transgender individuals, whom most of are aged between 18 and 24. In Finland
around 800 individuals go to gender-identity tests every year. Female-to-male (FTM)
transgender individuals receive varying amount of hormone therapy, depending on
the outcome they want. [33]

Adkins et al. studied 11 FTM individuals receiving androgen therapy and found
out that the risk for abnormal and unsatisfactory Pap test results is higher among
these individuals than among cisgender women. 57 % of the patients had a negative
Pap test for abnormal cells, 13 % had an unsatisfactory result, 13 % had atypical
squamous cells of undetermined significance, 13 % had atypical squamous cells with
a possibility of HSIL and 4 % had HSIL. The corresponding rates for cisgender
women are; unsatisfactory tes result 0.5 %, atypical squamous cells of undetermined
significance 7 %, atypical squamous cells with a possibility of HSIL 0 % and HSIL
0.5 %. Despite the small sample size, this study shows that there should be more
emphasis on cervical cancer screening among FTMs and also other gender minorities.
[33]

In this study, the rate of hrHPV (33 %) was also similar to the one among
cisgender women (20.4 %). HrHPV positivity was associated with dysplasia, 50 % of
hrHPV positive individuals had dysplastic Pap test results. Accordingly, 100 % of
individuals tested hrHPV negative had benign Pap test results. [33]

One reason for the higher risk of unsatisfactory Pap test result among FTMs
springs from the psychological pain these tests cause. Cervical cancer screening tests
have been shown to trigger gender dysphoria for FTM individuals. There is also
higher risk for physical pain due to possible genital changes induced by hormone
therapy and psychological discomfort. [34]

There are no consensus guidelines for cervical screening among gender minorities,
but Canadian Cancer Society recommends screening for FTMs over 21 years old
and have had sexual contacts. Also the American College of Obstetricians and
Gynecologists advises the FTM with intact cervices to follow the exact same screening
routine as cisgender women. In Finland, there is no mention of gender minorities in
any cervical cancer screening guidelines. [34]

In the future, there should be clearer guidelines and instructions for the cervical
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cancer screening among gender minorities. More research on this topic is also needed.
The physical and psychological pain occurring in screening tests can be reduced by
educating health care practitioners on the special needs of different individuals and
establishing a safe and trusting relationship between the patient and the health care
practitioners.

2.3 HPV vaccination
HPV vaccines contain HPV L1 virus-like-particles (VLP). These L1 VLPs gather
autonomously into non-infectious capsids containing no genetic material. The vaccine
is given intramuscularly and it induces a 50-fold antibody production compared
to the natural HPV infection. These antibodies are then preserved either in the
secretions of cervical epithelium or elsewhere in the body. Currently there are two
VLP vaccines available, Gardasil and Cervarix. Cervarix is used in Finland. [35]
Both vaccines target hrHPV types 16 and 18 and Gardasil also targets HPV6 and
HPV11. [1]

Both of these vaccines have proven to give almost perfect protection against
HPV16 and HPV18 type infections in young women without previous exposure to
these HPV types. In a study where placebo group and test group with quadrivalent
vaccine (Gardasil) were compared, both consisted of young women without pre-
existing infections, the vaccine prevented 98 % of HPV16 or HPV18 related HSILs.
When the same study was repeated among a population of women with and without
prevalent cervical lesions and HPV infections, the vaccine prevented 44 % of HSILs.
[36]

In Finland the national HPV vaccination programme started in March 2013.
Cervarix-vaccine is offered to all 11 - 12 year old girls at school. During the first
two years of the vaccination programme, also girls aged between 13 - 15 were offered
the vaccine. The HPV vaccination series with Cervarix consists of three doses, the
second dose is given a month after the first dose and the third dose 6 months after
the first dose. HPV vaccines are free to all the girls in the vaccination programme.
Vaccination is voluntary and requires a written approval from the guardian. The
municipalities are responsible for the execution of the vaccination programme. [35]

In the fall of 2020 the national HPV vaccination programme in Finland extended
to cover also boys. In the beginning the vaccine is offered to all boys aged between
11 and 15. The purpose of this extension in the vaccination programme is to further
prevent HPV from spreading and also to decrease the incidence of HPV driven
cancers in boys. [37]

Finnish institute for health and welfare follows the coverage of vaccination pro-
gramme through national HPV vaccination register. Around 70 % of girls born in
2006 have gotten the vaccine, but the regional differences are bigger than in other
vaccination programmes in Finland. In many cities, especially in the Eastern and
Southern Finland, the coverage is good, between 80 and 90 %. The coverage is the
lowest in the Pohjanmaa region, where it is below 54 %. Possible reasons for these
regional differences can for example be the differences in the vaccination customs
between schools and the strongly regional religious movements. [38]
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3 Results

3.1 Incidence and mortality in Finland
Unless otherwise mentioned, the data used in the results section is obtained from
Finnish Cancer Registry.

We examined the incidence rate in Finland by visualizing the age standardized
(to Finnish population) incidence rate and the 5 year simple moving average, which
tells us the trend of the incidence rate. Here the trend tells the prevailing tendency
of the incidence rate and can thus tells us more about the future directions of the
incidence, which makes it important for our analysis. In Figure 2 the black line
represents the incidence rate, the blue line represents the moving average and the red
vertical line shows us the year 1963, when the screening programme was established
in Finland. We can see that cervical cancer incidence rate has dropped significantly
after the screening programme started. Clear decrease in the incidence continued
until 1990, after which the incidence rate reached a stagnation. The incidence rate
has stayed at a low level after 1990, but there can be seen a slight increase in the
incidence trend after 2010.

Next we visualized the incidence rates by age group, the black lines representing
the incidence rates, blue lines again the 5 year simple moving averages (trend) and
the red vertical lines the year when the screening programme started, see Figure
3. There are clear age dependent differences in how the incidence rate has changed
over the decades. Before the establishment of the screening programme, the highest
incidence rate values were among middle aged women (from 40 to 60). This is why
screening has affected most the incidence rates in these age groups; the steepest
and most abrupt decrease in the incidence rate after the year 1963 can be seen in
them. In the older age groups the incidence rate levels were not as high as among
the middle aged women before the establishment of the screening programme, and
the decrease of the incidence rate after it has been slower and more modest.

In the age group 20 - 29 the incidence rate was close to zero before 1963 and the
screening programme had little to no effect on this already low incidence of cervical
cancer in this age group. In fact, the cervical cancer screening programme did not
include women this young in its first decades and even nowadays they are screened
only in some of the municipalities. However, in the 2010s there can be seen a minor
peak in the incidence rate and the trend in the age group 20 - 29, which is concerning
and should be taken into account, when the screening of this age group is discussed.
In the future the vaccination programme will show its effects first on this age group.

The age group 30 - 39 is the most interesting one. The incidence rate levels in
this age group were not as high as in the older age groups before the establishment of
the screening programme and they decreased until 1980s. In the 1980s the incidence
rate levels stayed stagnant, but in the 1990s there started a concerning incidence
rate increase. In 2018 the incidence rate was up to almost the same level as it was in
this age group before the establishment of the screening programme. Concerningly
also the incidence rate trend has been up from the 1990s onward and shows no signs
of a decrease in the near future. A similar upward trend can also be seen in the age
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Figure 2: Age standardized incidence rate in Finland
Here is visualized the age standardized incidence rate in Finland throughout the
years 1953 - 2018. The red line represents the year 1963, when the national screening
programme started, the black line is the age standardized incidence rate and the blue
line is a simple moving average with 5 year interval, which tells us the trend of the
incidence rate. Incidence rates have decreased remarkably after the establishment
of the nationwide screening programme. There is a slightly increasing trend in the
incidence rate after 2010 (see the blue line).
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Figure 3: Incidence rate in Finland by age group
Here are visualized the incidence rates in Finland by age group throughout the years
1953 - 2018. The red lines represent the year 1963, when the national screening
programme started, the black lines are the incidence rates and the blue lines are
simple moving averages with 5 year intervals, which tell us the trend of the incidence
rates. The incidence rates have decreased the most among women aged between 40
and 69, after the screening programme started. There is a concerning new trend of
an increase in the incidence rate among the age groups 30 - 39 and 40 - 49.
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Figure 4: Age standardized incidence rate in Finland by educational level
Here are visualized the age standardized incidence rates in Finland by educational
level throughout the years 1953 - 2018. The black lines represent the incidence rates
and the blue lines are simple moving averages with 5 year interval, which tell us the
trend of the incidence rates. The incidence rate is the highest among the demographic
group with primary or unknown and the lowest in the group with higher education.
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group 40 - 49, even though the incidence rate level has not increased as much as in
the age group 30 - 39 from the 1980s. These rising incidence rates and upward going
trends can be due to the changed sexual behaviour of younger generations, or the
lack of participation in the screening programme.

In addition to the age dependent differences in the incidence rate, there are also
differences among other demographic groups. We visualized the incidence rate by
education level in Figure 3.1. The data is from Finnish Cancer Registry and it starts
from the year 1985. We visualized the age standardized (to Finnish population)
incidence rates, the black lines, and the 5 year moving averages, the blue lines. From
this Figure 3.1 it is clearly seen that the highest incidence rate level is among the
people who have primary education or an unknown education status. The second
highest incidence rates are among people with secondary education and the lowest
among people with higher education. However, the direction of the trend curves are
somewhat similar in all of these groups and the trend has been up after 2010 in the
groups of higher and secondary education, and after 2015 in the group with primary
or unknown education. The differences in the absolute levels of the incidence rate
might occur to the different lifestyles associated with these educational levels. People
with a higher education smoke less and have less children, which are both risk factors
for cervical cancer, see Figure 2.1.5. There might also be some differences in the
participation in the screening tests among these groups. The different incidence rate
levels and their causes among different demographic groups need more research in
Finland, and also in other countries.

Cervical cancer mortality was at its highest just before the screening programme
in Finland started, and it peaked in the year 1961, when the age standardized
mortality rate per 100 000 was 14.05. We visualized the age standardized (to Finnish
population) mortality rate (black line) and the 5 year moving average of it (blue line)
in Figure 5. In this Figure the red vertical line represents the start of the screening
programme in 1963. After 1963 the mortality rate has decreased, until it stagnated
in the 2010s. In 2018 the age standardized mortality rate per 100 000 was 1.82.

There are age dependent differences in the decrease of mortality rate. In Figure
6 we visualized the mortality rates in different age groups (black lines) and the 5
year moving averages of the mortality rates (blue lines), which is the trend. The red
vertical lines in this figure represent the year of the establishment of the screening
programme. Even though the incidence rate was highest among middle aged women
before the screening programme, see Figure 3, the mortality rates were highest among
the older women. This means that the older women have a higher probability to die
to cervical cancer, when they have been diagnosed with it. They might also have
more aggressive types of cervical cancer, than middle aged women. Also the decrease
in the mortality rates after the screenings started has been slower in the older age
groups, than in the younger. This is a sign of the fact that the early diagnosis
may not improve the survival of older women as much as the survival of younger
women. Also other factors than the establishment of the screening programme can
play a role in the decreasing mortality rates, such as the constantly developing cancer
treatments.

Overall trend seems to be, the younger the age group the faster its cervical cancer
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Figure 5: Age standardized mortality rate in Finland
Here is visualized the age standardized mortality rate in Finland throughout the
years 1953 - 2018. The red line represents the year 1963, when the national screening
programme started, the black line is the age standardized mortality rate and the
blue line is a simple moving average with 5 year interval, which tells us the trend of
the mortality rate. Mortality rates have decreased constantly after the establishment
of the nationwide screening programme.
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Figure 6: Mortality rate in Finland by age group
Here are visualized the mortality rates in Finland by age group throughout the years
1953 - 2018. The red lines represent the year 1963, when the national screening
programme started, the black lines are the mortality rates and the blue lines are
simple moving averages with 5 year intervals, which tell us the trend of the mortality
rates. The mortality rates have dropped significantly after the establishment of the
cervical cancer screening programme, but there are age-dependent differences in the
steepness of this drop.

mortality rate has reached a stagnation after the screening programme started. There
is not a similar recent upward trend in the mortality rates of younger women as there
was in the incidence rates, see Figure 6.

3.1.1 Differences among the five health care districts

The same trends in cervical cancer incidence and mortality, both age-dependent and
not, can be seen when the the data from different special responsibility health care
districts, further referred as health care districts, are looked at individually. The five
different health care districts in Finland are Helsinki, Tampere, Kuopio, Oulu and
Turku. Of these districts, Helsinki district has the largest population, around 2 200
200, while all other districts have a population of 700 000 - 900 000. [39] It must
be noted that the borders of these health care districts have not always remained
exactly the same, and the regional changes in these districts might affect the data a
bit.

In Figure 7 are the age standardized (to Finnish population) incidence rates
(black lines) and the 5 year moving averages of the incidence rate (blue lines) from
all of these five districts visualized. Before the screening programme started the
incidence rate was the lowest in Oulu and Kuopio, which are both relatively sparsely
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Figure 7: Incidence rate in Finland by health care districts
Here are visualized the incidence rates in the 5 different health care districts in
Finland throughout the years 1953 - 2018. The red lines represent the year 1963
when the national screening programme started, the black lines are the incidence
rates and the blue lines are simple moving averages with 5 year intervals, which tell
us the trend of the incidence rates. We can see that the incidence rates were in
different levels before the year 1963, but decreased in all districts after that. The
directions of the current trends differ between districts.

populated districts. After the screening programme started, the incidence rate trend
(blue line) was downward for several decades in all of the health care districts. In
the 1990s the trend changed, and either stagnated or turned upwards depending on
the district. The most clearly upward going trends after 2000 can be seen in the
Helsinki, Oulu and Tampere districts. In Helsinki and Oulu the incidence rates have
been in the same level after 2010, around 5 per 100 000, but in Tampere the rates
have been significantly higher than in the other districts, almost reaching 10 per 100
000. This can partly be explained by the extensive use of hrHPV tests in addition to
the Pap tests in Tampere district, [40]. The hrHPV test is more sensitive and can
thus find more cervical cancer cases than Pap test, see Section Screening tests.

We visualized the age standardized (to Finnish population) mortality rates (black
line) and its 5 year moving average (blue line), to show the trend of the mortality rates,
in Figure 8. The red vertical line represents the start of the screening programme.
In the mortality rates there has been a quite stable decrease after the screening
programme was established in all of the health care districts. The decrease has not
been as steep as in the incidence rates and it continued until the early 2000s in all of
the districts, after which it stagnated. In Oulu district the trend has been slightly
up in recent years and the mortality rate in 2018 was a bit higher than in the other
districts. The higher incidence rate in Tampere district does not show here as a
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Figure 8: Mortality rate in Finland by health care districts
Here are visualized the mortality rates in the five different health care districts in
Finland throughout the years 1953 - 2018. The red lines represent the year 1963
when the national screening programme started, the black lines are the mortality
rates and the blue lines are simple moving averages with 5 year intervals, which tell
us the trend of the mortality rates. The decrease has not been as steep as in the
incidence rates and it continued until the early 2000s in all of the districts, after
which it stagnated.

higher mortality rate, which supports the fact that the higher incidence rates occur
because of different testing customs.

The age-dependent incidence rates and trends, seen in Figure 3, can also be seen
in district specific visualizations. The age-specific incidence rates (black lines) and
5 year moving averages (blue lines) are visualized by each health care district in
Figures 9, 10, 11, 13 and 12. The red lines in these visualizations represent the
establishment of the screening programme.

In the young age groups, 20 - 29 and 30 - 39 the incidence rates started to increase
after the 1990s in all of the health care districts. In 2010s the incidence rate among
30 - 39 year old has risen higher (except for the incidence rate in the age group
40 - 49 in some districts) than the rates in other age groups, even though this age
group had the second lowest incidence rates before the establishment of the screening
programme. This could be explained by the changed sexual behaviour of younger
generations, or by the low cervical cancer screening participation rate among young
women. Nowadays the incidence rates are highest in Turku and Tampere health
care districts. The trend is also most upward in Turku and Tampere districts in this
age group. In Helsinki district the trend is a bit up, but not as much as in Turku
and Tampere. In Oulu the trend is stagnant and in Kuopio it has been down in the
recent years. In Finland the hrHPV test is not recommended as a screening test for
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women under 35, so the differences in the screening tests used between districts will
probably not explain these incidence rate differences.

The most steep and significant decrease in the incidence rates after the start
of the screening has happened in the age groups 40 - 49 and 50 - 59 in all health
care districts. In the 1960s the highest incidence rates in these age groups were in
Helsinki health care district and Turku health care district, see Figures 9 and 11.
Interestingly in Oulu health care district, there was a big difference in the incidence
rates between the age group 40 - 49 (incidence rate a bit over 30 per 100 000) and the
age group 50 - 59 (incidence rate around 50 per 100 000) in 1960s, see Figure 12. In
the other health care districts the difference in the incidence rates between these age
groups was a lot smaller. In the 1980s the incidence rates in the age groups 40 - 49
and 50 - 59 dropped below 10 per 100 000 in all of the health care districts. However,
in Helsinki district the rates remained a bit higher than in the other districts.

In the age group 40 - 49 the incidence rate trend has been upward after 2010 in
all of the districts, except for Turku, where the trend has turned downward. The
highest incidence rate values can be seen in Tampere and Oulu districts, but also
Helsinki and Kuopio districts have steeply upward incidence rate trends. In Oulu,
the trend has turned down in 2018, but we can not make any assumptions based on
a one year. The incidence rate in the age group 40 - 49 is still remarkably high in
Oulu. The high rates in Tampere district can maybe be explained by the extensive
use of hrHPV test in the screening, but we need more data of the tests used in order
to hypothesize this more.

In Tampere and Oulu, and also more slightly in Helsinki, the incidence rate trends
have been up in the age groups 50 - 59 and 60 - 69 after 2010. In Turku and Kuopio
the trend has been somewhat stagnant. The incidence rate levels are quite similar
in Helsinki, Tampere and Oulu, but if the incidence rates keep growing this fast in
Oulu and Tampere, their incidence rate levels will surpass the incidence rate level in
Helsinki. In Turku and Kuopio the incidence rates in these age groups are almost
half of those in the other districts. The differences between districts might again
be a consequence of different testing practises or of different participation rates to
the screening tests in different districts, which we will examine later in this thesis.
These district-specific upward going trends in these age groups could also show in
the mortality rates, which we will examine next.

We visualized the age-specific mortality rates (black lines) and 5 year moving
averages (blue lines) by health care district in Figures 14, 17, 15, 16 and 18. The red
vertical lines represent again the year when the screening programme was established
in Finland. As from the nationwide plot, see Figure 5, we can see that the steepest
decrease in the mortality rate after the start of screening programme happens in the
age groups 40 - 49 and 50 - 59 in every district.

In age groups 20 - 29 and 30 - 39 the mortality rate was really low before the
establishment of the screening programme and has remained close to zero during the
decades in all health care districts. However, the mortality rate trend has turned
upward in the age group 30 - 39 in Tampere district. This is concerning as Tampere
district also has had the highest incidence rate in recent years in this age group out
of all the districts and one of the most strongly upward going incidence rate trends.



25

Figure 9: Incidence rates in Helsinki health care district by age group
Here are visualized the incidence rates in different age groups in Helsinki district
throughout the years 1953 - 2018. The red lines represent the year 1963 when the
national screening programme started, the black lines are the incidence rates and the
blue lines are simple moving averages with 5 year intervals, which tell us the trend
of the incidence rates.
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Figure 10: Incidence rates in Tampere health care district by age group
Here are visualized the incidence rates in different age groups in Tampere district
throughout the years 1953 - 2018. The red lines represent the year 1963 when the
national screening programme started, the black lines are the incidence rates and the
blue lines are simple moving averages with 5 year intervals, which tell us the trend
of the incidence rates.
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Figure 11: Incidence rates in Turku health care district by age group
Here are visualized the incidence rates in different age groups in Turku district
throughout the years 1953 - 2018. The red lines represent the year 1963 when the
national screening programme started, the black lines are the incidence rates and the
blue lines are simple moving averages with 5 year intervals, which tell us the trend
of the incidence rates.
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Figure 12: Incidence rates in Oulu health care district by age group
Here are visualized the incidence rates in different age groups in Oulu district
throughout the years 1953 - 2018. The red lines represent the year 1963 when the
national screening programme started, the black lines are the incidence rates and the
blue lines are simple moving averages with 5 year intervals, which tell us the trend
of the incidence rates.
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Figure 13: Incidence rates in Kuopio health care district by age group
Here are visualized the incidence rates in different age groups in Kuopio district
throughout the years 1953 - 2018. The red lines represent the year 1963 when the
national screening programme started, the black lines are the incidence rates and the
blue lines are simple moving averages with 5 year intervals, which tell us the trend
of the incidence rates.
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This also supports the fact that the rise in the incidence in this age group does not
depend on the extensive use of hrHPV test in Tampere district.

In the age group 40 - 49 the mortality rate trend is a bit on the rise on Helsinki
and Oulu districts. In both of these districts also the incidence rate trend was up,
but Oulu and Tampere districts had the highest incidence rate values. There is
also a small bump in the mortality rate trend in Tampere, between 2007 and 2017.
However, all of these changes in the mortality rate values and the changes in the
mortality rate trends are so small in this age group that not much can be said for
certain.

In the age groups 60 - 69 and 70 - 79 the decrease in the mortality rate has been
slower after the establishment of the screening than in the other age groups. The
rising incidence trends in the age group 60 - 69 in Tampere and Oulu, show also on
the mortality trends in these districts. The mortality rate trend has been slightly up
in the 60 - 69 age group from the 2005 in Tampere and from the 2015 in Oulu. The
highest mortality rates in this age group have been in Oulu in the last years, but
also Turku and Tampere have slightly higher rates than Helsinki and Kuopio. In
Turku the mortality rate trend is up in the 70 - 79 age group, which is in line with
the upward going incidence trend in this age group.

All in all, there have been many differences in the incidence and mortality between
the health care districts in the recent years, both age-specific and not. Oulu district
has the most rising mortality trend. In Tampere district the incidence trend is the
most steeply on the rise and the incidence rate values are the highest at the moment,
but this does not directly show in the mortality rates and trends. This supports
the theory that higher incidence rates in Tampere might be a cause of the extensive
use of hrHPV test as a screening test. In Kuopio district, both the mortality rates
and incidence rates are the lowest, in almost all age groups. Helsinki and Turku
district show increase in the incidence and mortality trends of some age groups, and
stagnation in others.
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Figure 14: Mortality rates in Helsinki health care district by age group
Here are visualized the mortality rates in different age groups in Helsinki district
throughout the years 1953 - 2018. The red lines represent the year 1963 when the
national screening programme started, the black lines are the mortality rates and
the blue lines are simple moving averages with 5 year intervals, which tell us the
trend of the mortality rates.
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Figure 15: Mortality rates in Tampere health care district by age group
Here are visualized the mortality rates in different age groups in Tampere district
throughout the years 1953 - 2018. The red lines represent the year 1963 when the
national screening programme started, the black lines are the mortality rates and
the blue lines are simple moving averages with 5 year intervals, which tell us the
trend of the mortality rates.
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Figure 16: Mortality rates in Turku health care district by age group
Here are visualized the mortality rates in different age groups in Turku district
throughout the years 1953 - 2018. The red lines represent the year 1963 when the
national screening programme started, the black lines are the mortality rates and
the blue lines are simple moving averages with 5 year intervals, which tell us the
trend of the mortality rates.
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Figure 17: Mortality rates in Oulu health care district by age group
Here are visualized the mortality rates in different age groups in Oulu district
throughout the years 1953 - 2018. The red lines represent the year 1963 when the
national screening programme started, the black lines are the mortality rates and
the blue lines are simple moving averages with 5 year intervals, which tell us the
trend of the mortality rates.
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Figure 18: Mortality rates in Kuopio health care district by age group
Here are visualized the mortality rates in different age groups in Kuopio district
throughout the years 1953 - 2018. The red lines represent the year 1963 when the
national screening programme started, the black lines are the mortality rates and
the blue lines are simple moving averages with 5 year intervals, which tell us the
trend of the mortality rates.
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3.2 Incidence and mortality rates in the Nordic countries
3.2.1 Incidence

In every Nordic country the incidence rates have decreased during the decades, but
the starting time of the decrease varies between the countries. The start of the
decrease depends on the establishment of the screening programme in that country,
see Table 2.2.3. In Denmark, Finland, Sweden and Iceland the screening programme
started in the 1960s, but in Norway as late as in the 1990s.

We visualized the age standardized (to Nordic population) incidence rate trends
using 5 year moving average, see Figure 19, and 10 year moving average, see Figure
20, by age group in all of the Nordic countries. The data is from Nordcan 2.0. In
these Figures the incidence rate trend in Finland is shown in yellow, in Denmark in
red, in Iceland in green, in Norway in blue and in Sweden in purple. The incidence
trend distributions differ more between age groups in the same country, than between
countries in the same age group. The incidence rate levels are different between
countries, but the age-specific trends follow the same patterns.

In every country, based on the 5 and 10 year moving averages, the age standardized
incidence rate has decreased the most in the age groups 40 - 49 and 50 - 59, see
Figures 19 and 20. Decreases in the incidence rates in these age groups differ from
the other age groups by their steepness and abruptness, which was also the trend in
regional and nationwide analyses from Finland.

In the age groups 40 - 49 and 50 - 59, the cervical cancer incidence peaked in the
1960s in Denmark, Finland and Sweden, in the beginning of 1970s in Iceland and in
the end of 1970s in Norway. There is also an incidence peak in the 30 - 39 age group
in Denmark in the 1960s.

The trend curves in Iceland are not as smooth as in other countries, which is
due to the greater variance in data. Population in Iceland is around 350 000, which
leads to a smaller sample size, than in the other Nordic countries, and thus greater
variance in the data. Despite of this, the same trends can be seen in the incidence
rates, especially in the more smoothed 10 year interval moving average, see Figure
20.

In Finland the cervical cancer incidence rates are much lower than in the other
countries, especially in the younger age groups. The biggest gap to the other countries
can be seen in the age group 30 - 39, but as the incidence rate trend in this age
group is more steeply up in Finland than in the other countries, the gap has started
to grow narrower, see Figure 19.

Until the year 2000, the highest incidence rates were in Denmark. After that
Norway has reached its incidence rates in most of the age groups and other countries
follow. The decrease in the incidence rate was big in Denmark after the establishment
of the screening programme, and still continues in the older age groups. Unlike in
the other Nordic countries, the incidence rate trend in Denmark continues to stay
stagnant in the younger age groups.

The trend curves in Sweden look highly similar to the ones in Finland. The rates
in Finland are lower in all of the age groups, except for the age groups 60 - 69 before
1980s and 70 - 79 before 1990s, when the rates these age groups have decreased more
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Figure 19: Age-standardized incidence rate trends, with 5 year intervals, in the
Nordic countries
Here are visualized the 5 year moving averages of the age-standardized (to the Nordic
population) incidence rates in the Nordic countries from the 1940s to the 2010s by
age group. These moving average curves show us the trends of the incidence rates
in the Nordic countries. The incidence rate trend in Finland is shown in yellow, in
Denmark in red, in Iceland in green, in Norway in blue and in Sweden in purple.

rapidly in Finland than in Sweden. The decrease in the rate has stagnated already
in the 1980s in the younger age groups, which can also be seen in the rates from
Finland.

In all Nordic countries, except in Denmark, there is a recent trend of incidence
rate increase in the age groups 30 - 39 and 40 - 49. This can be seen in both, 10 and
5 year moving average curves, see Figures 19 and 20. In the 30 - 39 age group this
trend is most clearly seen in Finland and Iceland. In the 40 - 49 age group the trend
has been more prominent after 2010 in Finland, Norway and Sweden, in which the
curves resemble each other a lot.

To conclude the age group specific incidence rate trends in the other Nordic
countries follow the same patterns as in Finland, but the incidence rate values differ
between countries. Finland still has one of the lowest incidence rate values, but the
trends are going up a bit more than in some of the other countries in the age groups
30 - 39 and 40 - 49.
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Figure 20: Age-standardized incidence rate trends, with 10 year intervals, in the
Nordic countries
Here are visualized the 10 year moving averages of the age-standardized (to the
Nordic population) incidence rates in the Nordic countries from the 1940s to the
2010s by age group. These moving average curves show us the trends, from longer
time period, of the incidence rates in the Nordic countries. The incidence rate trend
in Finland is shown in yellow, in Denmark in red, in Iceland in green, in Norway in
blue and in Sweden in purple.
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3.2.2 Mortality

We visualized the age standardized (to Nordic population) mortality rate trends
using 5 year moving average, see Figure 21, and 10 year moving average, see Figure
22, by age group in all of the Nordic countries. The data is from Nordcan 2.0. In
these Figures the mortality rate trend in Finland is shown in yellow, in Denmark in
red, in Iceland in green, in Norway in blue and in Sweden in purple.

The mortality rate distributions have also more differences between the age groups
in the same country, than between the same age group in different countries, see
Figures 21 and 22. The moving averages from Icelandic data are again more wavering
than the ones from other countries, which is due to the high variation caused by a
small sample size. This means that the trend observations made from the Icelandic
data may not predict the future trends as well as in other countries.

In Denmark after the screening programme had been established in 1967 the
mortality rates started to drop the most rapidly in the age groups 30 - 39, 40 - 49
and 50 - 59. In the age groups 60 - 69 and 70 - 79 there was a small lag in the start
of the decrease and it did not begin before the 1980s. In the age groups 20 - 29, 30 -
39 and 50 - 50 the trend has stayed stagnant in recent years and decreasing in the
age groups 40 - 49 and 60 - 69. In the age group 70 - 79 there is a small upward
going trend after 2010, see Figure 21, but this is probably just a periodical peak,
since after 1990, there has been a small peak in the mortality rate trend in every
eight years. This effect vanishes when we look at the 10 year moving average, see
Figure 22. Until ithe recent years, the mortality rate levels in Denmark have been
higher in every age group than in the other Nordic countries. However, after 1990
the mortality rates of Norway have been reaching the same levels as Denmark in
most of the age groups.

In Norway the decrease has been modest but quite stable during the decades.
There is no steep drops in the mortality rate in any age group. The decrease started
to accelerate in the age groups 60 - 69 and 70 - 79 after the screening programme
started in the 1990s. In the younger age groups the decrease has started to stagnate
in the recent years.

In Sweden the downward trend in the mortality rates has been less steep than in
the other Nordic countries. Sweden had the lowest mortality rates in the 60 - 69 and
70 - 79 age groups before 1980s. After 2000 the trend line has been stagnant in the
age groups 30 - 39, 40 - 49 and 50 - 59.

In the age groups 20 - 29, 30 - 29 and 40 - 49 the mortality rates have been
throughout the decades the lowest in Finland. After the year 2000, the gap between
Finnish mortality rates and the mortality rates of the other countries has been
growing narrower in almost every age group. This is caused by the more downward
going trend in the other Nordic countries, as the trend in Finland mainly stagnates
or is slightly up depending on the age group.



40

Figure 21: Age-standardized mortality rate trends, with 5 year intervals, in the
Nordic countries
Here are visualized the 5 year moving averages of the age-standardized (to the Nordic
population) mortality rates in the Nordic countries from the 1940s to the 2010s by
age group. These moving average curves show us the trends of the mortality rates
in the Nordic countries. The mortality rate trend in Finland is shown in yellow, in
Denmark in red, in Iceland in green, in Norway in blue and in Sweden in purple.
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Figure 22: Age-standardized mortality rate trends, with 10 year intervals, in the
Nordic countries
Here are visualized the 10 year moving averages of the age-standardized (to the
Nordic population) mortality rates in the Nordic countries from the 1940s to the
2010s by age group. These moving average curves show us the trends, from a bit
bigger time period, of the mortality rates in the Nordic countries. The mortality
rate trend in Finland is shown in yellow, in Denmark in red, in Iceland in green, in
Norway in blue and in Sweden in purple.
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3.3 Participation in the screening programme in Finland
In Finland the overall participation rate of the cervical cancer screening programme
has been around 70 % for several years. We wanted to see if there are clear differences
in the participation rates of different districts and different age groups. We also
examined the differences between different age groups in different districts. The
data is from Finnish Cancer Registry and it starts from 1991, when the systematic
collection of screening participation data started. We define participation rate here
as the amount of attendees of all of the invited.

We visualized the participation rate in all five health care districts in Figure
23. Participation rate in Helsinki health care district is shown in pink, in Tampere
district in blue, in Turku district in purple, in Oulu district in green and in Kuopio
district in yellow. Participation rate levels have quite big differences among these
districts. Helsinki district had the lowest participation rate until 2014, when the
participation rate in Kuopio district passed underneath it. In recent years the rate
has been constantly below 70 % in Kuopio district and also in some years in Helsinki
district. In 1991 Turku district had the highest participation rate of 80 %, but
after that the rate decreased and in 1995 fell below the rate in Tampere district.
Between 1995 and 2005 Tampere district had the highest participation rate until it
dramatically dropped after 2005 and the participation rate in Turku district again
passed it, being now the highest at 75 %. In recent years the participation rate
in Tampere district has been around 72.5 % as well as the participation rate in
Oulu. The rate in Oulu has been quite steadily around 72.5 % over the decades.
Interestingly, there was a drop in the participation rates in all districts around 2010,
except in Helsinki district a bit later.

To more clearly see the past and future trends of the participation rates in different
districts, we visualized the 5 year moving averages of these rates in Figure 24. The
most severe downward trend can be seen in Kuopio district, where the trend has
been down the whole time frame examined here. This is concerning as the absolute
participation rate is also the lowest in Kuopio district at the moment. In Helsinki
district, where the rate is the second lowest at the moment, and has been the lowest
until the recent years, the trend is most varying. It went up from 1991 to 2000, but
then suddenly started to go down until it again started to go up after 2010. Now the
participation rate trend in Helsinki district is still going up, which is good since the
absolute participation rate values are still low.

In Turku district the participation rate has had a slow downward trend, until
after 2010 is started to stagnate. Despite this slow downward trend, the absolute
rate remains still highest in Turku. In Oulu district the participation rate trend has
wavered a bit throughout the years, but has stagnated after 2015. The participation
rate level has also been quite stable in Oulu throughout the examined time frame.
In Tampere the participation rate trend went down really slowly between 1991 and
2007, after which it started a rapidly downward going trend. After 2010 the trend
stagnated and the participation rate remains above 70 %.

The participation rate also strongly depends on the age of the participants. We
visualized the age-specific participation rates (black lines) and their 5 year moving
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Figure 23: Participation rates in the five health care districts of Finland
Here are visualized the participation rates to the cervical cancer screening tests in
the Finnish health care districts. The participation rate in Helsinki is shown in red,
in Kuopio in yellow, in Oulu in blue, in Tampere in green and in Turku in purple.

Figure 24: Participation rate trends in the five health care districts of Finland
Here are visualized the 5 year moving averages, representing the trend, of the
participation rates to the cervical cancer screening tests in the Finnish health care
districts. The participation rate trends in Helsinki is shown in red, in Kuopio in
yellow, in Oulu in blue, in Tampere in green and in Turku in purple.
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averages (blue lines) in each health care district in Figures 25, 28, 27, 26 and 29.
Similar effect can be found in each of the health care districts: the younger the age
group, the lower the participation rate.

In the age groups 25 - 29 and 65 - 69 the participation rate levels differ the most
out of all age groups between districts. Next we will focus on the participation rates
among the age group 25 - 29. Of all the districts the participation rate in this age
group has been the highest in Tampere district. Throughout the years it has been
over 60 %, but it started to decrease around 2015 and is now reaching 55 %, see
Figure 26. In Turku district the participation rate among 20 - 25 year old was over
60 % before 2005, after which it started to decrease and stagnated to a lower level,
see Figure 29. In Helsinki district the participation rate among the age group 25 - 29
has been constantly below 60 %, but the trend has been up after 2010, see Figure 25.
The trend and the level of the participation rate is the most concerning in Kuopio
district. The trend of the participation rate among 25 - 29 year has been strongly
downward after 2015 and the rate has dropped around 30 %, Figure 28. In Oulu
district the participation rate in this age group was higher before the year 2000, after
which the trend started to go down and the rates decreased below 40 %, see Figure
27. Recently there has been a flat peak in the participation in Oulu district, but in
2018 the rate was again close to 40 % in this age group.

The participation rate levels are quite similar between different districts in the
age groups 30 - 34, 35 - 39, 40 - 44, 45 - 49, 50 - 54, 55 - 59 and 60 - 64, but directions
of the trend differ. The situation seems to be the most concerning in Kuopio district,
where the trend is slightly down in every one of these age groups, see Figure 28.
Due to this constant downward trend the participation rates have recently decreased
lower than in the other districts in every one of these above mentioned age groups
in Kuopio. In Oulu and Tampere districts the recent trend has been is slightly up
in the younger age groups (30 - 34, 35 - 39), but has stagnated in the older age
groups (40 - 44, 45 - 49, 50 - 54, 55 - 59 and 60 - 64), see Figure 27 and 26. Also the
participation rate levels in these two districts are quite similar in these age groups.
In Turku district the participation rate trend is stagnant and the participation rate
levels are the highest out of all of the districts in all of these age groups, see Figure
29. In Helsinki district the recent participation rate trend is up in the age groups 30
- 34, 35 - 39, 40 - 44, 45 - 49, 50 - 54 and 55 - 59, and somewhat stagnant in the
age group 60 - 64, see Figure 25. The participation rates in Helsinki district in all of
these age groups have been lower than in Turku, Tampere and Oulu but are now
reaching those, due to the upward going trends.

In Helsinki district there was a similar drop in the participation rates as in
Tampere district, but it was few years later, see Figure 25. The drop in Helsinki
district also follows the rule; the younger the age group, the bigger the drop. Before
this drop the participation rate trend was decreasing, but after it, the trend has been
increasing again.

In Tampere district there was a drop in the participation rates in all of these age
groups before the year 2010 in every age group, see Figure 26. The drop was the
larger and continued the longer, the younger the age group was.

As the age group 25 - 29, the age group 65 - 69 does not follow the same rules
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Figure 25: Participation rates in Helsinki health care district by age group
Here are visualized the participation rates in different age groups in Helsinki district
throughout the years 1991 - 2018. The black lines represent the mortality rates and
the blue lines are simple moving averages with 5 year intervals, which tell us the
trend of the participation rates.

as the age groups mentioned in the previous chapter. In Helsinki district the 65 -
69 age group curve resembles most the other age groups in the same district, see
Figure 25. This can be due to the larger sample size (Helsinki district has double
the amount of population as the other districts) and thus smaller variance or some
differences in the data collection protocol. In Helsinki district the participation rate
among the age group 65 - 69 has stagnated between 70 % and 80 %. In Oulu district
the participation rate levels have stagnated around 80 %, which is quite high, but
the variation between yearly observations is also quite high. Although, the trend
does not seem to be going up or down in this age group in Oulu district, see Figure
27. In Turku district the trend in the participation rate among this age group is
down, but still in a good level, around 80 %, see Figure 29. From Tampere district
there is no data available in some years, and we can not really make any assumptions
from this curve, see Figure 26.
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Figure 26: Participation rates in Tampere health care district by age group
Here are visualized the participation rates in different age groups in Tampere district
throughout the years 1991 - 2018. The black lines represent the mortality rates and
the blue lines are simple moving averages with 5 year intervals, which tell us the
trend of the participation rates.

Figure 27: Participation rates in Oulu health care district by age group
Here are visualized the participation rates in different age groups in Oulu district
throughout the years 1991 - 2018. The black lines represent the mortality rates and
the blue lines are simple moving averages with 5 year intervals, which tell us the
trend of the participation rates.
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Figure 28: Participation rates in Kuopio health care district by age group
Here are visualized the participation rates in different age groups in Kuopio district
throughout the years 1991 - 2018. The black lines represent the mortality rates and
the blue lines are simple moving averages with 5 year intervals, which tell us the
trend of the participation rates.

Figure 29: Participation rates in Turku health care district by age group
Here are visualized the participation rates in different age groups in Turku district
throughout the years 1991 - 2018. The black lines represent the mortality rates and
the blue lines are simple moving averages with 5 year intervals, which tell us the
trend of the participation rates.



48

3.3.1 The relationship between the participation and incidence rates

The lowest screening participation rate levels in Kuopio district do not directly show
as a higher incidence rate levels or as a more upward going incidence trends. In fact
Kuopio district has the lowest incidence rates than the other health care districts in
most of the age groups. Even the extremely low participation rate among 25 - 29
year old (30 %) in Kuopio, does not translate to the incidence among this age group.
This might be due to the rarity of cervical cancer cases among women under 30 and
the low participation rate might show in the incidence rate as these women age.

Tampere health care district has the highest incidence rates in almost all of the
age groups, which is not a direct cause of the participation rate, since Tampere has
one of the highest participation rates in almost all of the age groups. However, there
was a drop in the participation rate in the beginning of 2010 in Tampere, in almost
all of the age groups, which can play a role in the recent upward incidence trend.

The recent trends in the participation rates in most of the age groups in Helsinki
district have been up. These positive trends in the participation rate do not seem to
affect the incidence rate trends, which are also up.

In Oulu the participation rate trends have been stagnant in all of the age groups
from 1991 to 2018. However, the incidence rate trends have been up in recent years
in the age groups 30 - 39, 40 - 49, 50 - 59 and 60 - 69.

In Turku the participation rates have also been in a good level throughout the
decades. The incidence rates are also one of the lowest out of all the districts in
every age group and the incidence rate trends are not up like in the other districts.
So these two factors, the high participation rate and the low incidence rate (and not
upward going trend), might have some correlation in Turku health care district.

To conclude, the incidence rate levels do not directly depend on the participation
rate levels. There might be some correlation which is overruled by other explanatory
variables. The underlying factors behind the (rising) incidence rate levels need further
studies and analyses.

3.4 The effect of the COVID-19 pandemic on the cervical
cancer screening in Finland

The SARS-CoV-2 virus and the COVID-19 pandemic it has caused, have had a
big impact in the everyday life all around the world in 2020. In Finland, the first
COVID-19 case was discovered in 29.1.2020, but this case did not lead to sequential
infections. The first infection in a Finnish citizen was discovered in 26.2.2020, after
which the epidemic started to gain ground in Finland. In February 2020 the situation
was concerning, and the worry of the hospital capacity sufficiency started to grow. In
May 2020 the infection amounts continued to rise and the Emergency Powers Act took
place in 17.3.2020. The epidemic situation remained in control due to the restrictions
made in the government, municipalities and cities. Also strong recommendations for
social distancing were made and Finnish people restricted their social contacts for
70 % in the spring 2020. The epidemic started to subside in the beginning of the
summer 2020 and the Emergency Powers Act ended in 15.6.2020.
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We studied a dataset of screening samples collected in 2019 and 2020. The
dataset is obtained from Finnish Cancer Registry and it consists of the information
from 14 different hospital districts; Kanta-Häme, Päijät-Häme, Ahvenanmaa, Etelä-
Pohjanmaa, Itä-Savo, Kainuu, Keski-Pohjanmaa, Keski-Suomi, Lappi, Länsi-Pohja,
Pohjois-Karjala, Pohjois-Pohjanmaa, Vaasa and Varsinais-Suomi. Data has the
number of invites sent per year in each hospital district and the samples taken per
month from January 2019 to October 2019 and from January 2020 to October 2020
from each district. For our analysis we combined the data from Kanta-Häme and
Päijät-Häme, and called this new variable Häme.

In Figure 30 we visualized the cumulative participation rate of the cervical cancer
screening between 2019 and 2020. We combined the samples and invites from the 14
hospital districts together in this Figure 30, so it would describe the situation as a
whole. To get the cumulative participation rate we divided the cumulative number
of samples per month by the number of invites sent per year. This Figure 30 shows
us that the cumulative participation rate remains lower in 2020 than in 2019. In
October 2019 the cumulative participation rate reached 63.2 %, but in October 2020
it stayed at 51.6 %. The first two months of these years show similar cumulative
participation rates, but the gap between the rates starts to grow in March. The
gap continues to grow through April, but the growth calms down in May and June,
leaving the cumulative participation rate in 2020 significantly lower than in 2019.
This is in line with the stages of the COVID-19 epidemic in Finland.

In Figure 31 we visualized the absolute number of samples taken in 2019 and
2020 in the Varsinais-Suomi hospital district, where the epidemic situation was the
worst out of these hospital districts. There are natural differences in the amounts of
samples taken between different months, which can be due to the invitation timing
or for example summer holidays, but the monthly number of samples taken should
be some what similar between the years. The curves between spring 2019 and spring
2020 look extremely different. The red lines in this Figure 31 represent the start
and the ending of the Emergency Powers Act in the spring 2020. We can see that
the absolute number of samples taken is a lot smaller in 2020 especially during the
months that the Emergency Powers Act took place.

We wanted to also examine the yearly differences in the participation rate in
these hospital districts. In Figure 32 the amounts of invites sent and samples taken
in 2019 and 2020 are visualized per hospital district. Invites sent in 2019 are shown
in pink and invites sent in 2020 are shown in green. The amounts of invites sent per
hospital district are quite similar between these two years. Samples taken in 2019
are shown in light blue and samples taken in 2020 are shown in purple. The number
of samples taken seems to be smaller in 2020, compared to the number of samples
taken in 2019 in some hospital districts. Of these districts, the population size is
biggest in the Varsinais-Suomi hospital district, which can also be seen in Figure 32.
Interestingly also the difference between the amounts of samples taken in 2019 and
2020 seems to be biggest in Varsinais-Suomi.

We must take into account the fact that the 14 districts we examined here, lack
some of the hospital districts with the most severe epidemic situation in the spring
2020, such as the hospital district of Helsinki and Uusimaa. In reality, the amount of
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Figure 30: Participation in the cervical cancer screening tests in Finland in 2019 and
in 2020
Here are visualized the cumulative participation in the cervical cancer screening tests
in Finland throughout the months January - October (x-axis) in 2019 and in 2020.
The participation rate in 2019 is represented in red and the participation rate in 2020
is represented in blue. The cumulative participation rate in October 2019 is much
higher than the cumulative participation rate in October 2020. The gap between
the cumulative participation rates in these two years grows the most from March
to May. These are the months that had the most severe epidemic situation and the
Emergency Powers Act in effect in 2020.
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Figure 31: Cervical cancer screening samples taken during 2019 and 2020 in Varsinais-
Suomi hospital district
Here are visualized the amounts of cervical cancer screening samples taken from
January to October in 2019 and in 2020 in the Varsinais-Suomi hospital district. The
red vertical lines represent the start and the ending of Emergency Powers Act. The
amount of samples taken in Spring 2020, during the Emergency Powers Act, was
significantly smaller than the corresponding amount in Spring 2019.
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Figure 32: Cervical cancer screening samples and invitations in 2019 and in 2020
Here are visualized the amounts of invitations and samples taken between January
and October in 2019 and 2020 by hospital district (x-axis). The screening invitations
sent in 2019 are presented as red bars, the screening invitations sent in 2020 are
presented as green bars, the screening samples taken between January and October in
2019 are presented as blue bars and the screening samples taken between January and
October in 2020 are presented as purple bars. The amounts of screening invitations
are quite similar between these two years in all of the hospital districts, but the
amount of samples taken vary between these two years in some hospital districts.

cervical cancer screening samples that were not taken, is probably larger than this
data suggests.

3.4.1 Proportion test

In order to examine if there is a statistically significant difference in the participation
in the cervical cancer screening between the years 2019 and 2020, we performed
a two-tailed two-sample proportion test, see Appendix A. Two-sample proportion
test examines whether the proportions are similar between two populations. We
wanted to see if the proportion of samples, further referred as the participation rate,
is similar or not between the years 2019 and 2020. Our null hypothesis was that the
participation rates in these two years are similar and the COVID-19 pandemic had
no effect on the participation in the cervical cancer screening in these 14 hospital
districts. Our alternative hypothesis was that the participation rate in 2020 was
smaller than the participation rate in 2019. We performed this proportion test
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separately for the data from each of the 14 hospital districts and to the data from
all of these hospital districts combined. We used the significance level of 0.01 and
discarded the null hypothesis if the p-value of the proportion test was smaller than
0.01.

We used Hochberg’s method for p-value adjustment, see Appendix B. P-value
adjustment was done, because the risk of error in statistical tests rises, when there
are multiple tests done in the same test set. The crude p-values obtained from the
proportion test and the adjusted p-values obtained from the Hochberg’s adjustment
are shown in Table 2. Based on these adjusted p-values, we can reject the null
hypothesis and accept the alternative hypothesis, the participation rates are not
similar between these two years, in Etelä-Pohjanmaa, Itä-Savo, Lappi, Pohjois-
Karjala, Pohjois-Pohjanmaa, Vaasa, Varsinais-Suomi and in all combined. Based on
our visualizations, see Figures 30 and 32, and our observations from the data, we can
see that the participation rate in the districts that we could reject the null hypothesis
in, is smaller in 2020. So with a statistically significant difference the participation
rate during 2020 was smaller than during 2019 in Etelä-Pohjanmaa, Itä-Savo, Lappi,
Pohjois-Karjala, Pohjois-Pohjanmaa, Vaasa, Varsinais-Suomi hospital districts and
in all of the hospital districts combined. So based on our research there were fewer
participants in the cervical cancer screening tests in 2020, than in 2019.

In Finland the epidemic was worse in hospital districts with more population
and higher population density, since people on these districts will have more human
contacts and the SARS-CoV-2 virus gets more ground to spread. This can be seen
also from our results. The districts that we could not reject the null hypothesis in
are small, more sparsely populated districts, Ahvenanmaa, Häme, Kainuu, Keski-
Pohjanmaa, Keski-Suomi and Länsi-Pohja. Of these Ahvenanmaa, Keski-Suomi and
Häme had a small sample size (below 2000), due to the small population, which also
affects to the significance of the result. Although, for example in Itä-Savo, which also
had a small sample size, there was a significant decrease in the participation rate.

To see if this kind of variation in the participation rate of the cervical cancer
screening is normal between consequent years, we examined the participation rates of
these hospital districts from previous years. In Figures 33 and 34 are the participation
rates from all of these 14 hospital districts visualized from 1991 to 2018. In some
hospital districts there can be big differences between consequent years, but this is
mainly the case in the hospital districts that are so small that the small sample size
causes higher natural variation. However, the differences between consequent years
in the participation rate are not as big as in some districts between 2019 and 2020.
Also the difference in the participation rates during 2019 and 2020 arises mainly from
the differences between the three months (March, April and May), with the most
severe epidemic situation. All of the findings above suggest that the statistically
significant differences in our proportion tests arise from the COVID-19 pandemic.
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Figure 33: Participation rates in different hospital districts in 1991 - 2018
Here are visualized the participation rates to the cervical cancer screening tests in 7
of the 14 hospital districts we had the participation rate data of 2019 and 2020 from,
from 1991 to 2018.

Figure 34: Participation rates in different hospital districts in 1991 - 2018
Here are visualized the participation rates to the cervical cancer screening tests in 7
of the 14 hospital districts we had the participation rate data of 2019 and 2020 from,
from 1991 to 2018.
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Table 2: Adjusted and crude p-values from the proportion test
In this table are presented all the p-values of our proportion tests. The
first column presents the hospital district, for which the proportion test was
done, second column presents the crude p-values from the proportion test and
the third column presents the p-values that were adjusted with the Hochberg method.

Hospital district P-value of prop. test Hochberg adjusted p-
value

Häme 7.986894e-03 3.993447e-02

Ahvenanmaa 5.833357e-01 5.833357e-01

Etelä-Pohjanmaa 3.514964e-08 3.514964e-07

Itä-Savo 4.778205e-04 2.866923e-03

Kainuu 3.627806e-01 5.833357e-01

Keski-Pohjanmaa 8.635629e-02 3.454252e-01

Keski-Suomi 3.303860e-01 5.833357e-01

Lappi 2.726840e-07 2.454156e-06

Länsi-Pohja 1.041538e-04 7.290767e-04

Pohjois-Karjala 4.677407e-55 5.145148e-54

Pohjois-Pohjanmaa 1.888550e-65 2.266260e-64

Vaasa 3.799351e-05 3.039481e-04

Varsinais-Suomi 0.000000e+00 0.000000e+00

All combined 0.000000e+00 0.000000e+00
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4 Discussion
The Finnish cervical cancer screening programme has proved its effectiveness through-
out the decades. Since the establishment of this remarkable programme, cervical
cancer incidence and cervical cancer mortality have decreased significantly. In this
thesis we focused on the age-specific incidence, mortality and participation rates
and their trends. The age group specific incidence and mortality rate curves follow
similar trends, not only between different health care districts in Finland, but also
between different Nordic countries. This highlights the universal age-dependedness of
cervical cancer formation, which is at least partly caused by the HPV driven etiology
of this disease.

The concerning trend of rising incidence rates, which can be seen especially among
women in the age groups 30 - 39 and 40 - 49, requires more research. In this thesis
we studied the participation rates to the screening tests in Finland and found out
that the participation rates are concerningly low among younger women, in the age
group 25 - 29 below 60 % and in the age group 30 - 34 around 60 %, see Figure 23.

We studied the participation rates separately in each of the five special health
care districts of Finland, and found that the rates and their trends differ among these
districts. Interestingly the participation rate levels depend more on the age group
than on the district, but the direction of the trend depends more on the district than
the age group. For example in Kuopio district, the participation rate trend is slightly
down in almost every age group while in Helsinki district the trend is slightly up in
almost every age group. These district-dependent participation rate trends might
occur due to inviting policy differences or some demographic differences between the
health care districts and it needs further studies.

We compared the visualizations of incidence rate trends and participation rate
trends in these different districts and did not find a direct correlation between the
recent participation rate trends and incidence rate trends in the same age groups.
However the participation rate data starts from 1991, and it would be interesting to
see if there would be a more clearly visible correlation between the participation and
incidence, when observed within a bigger time-frame.

The relatively low nationwide participation rate in Finland (70 %) compared
to the other Nordic countries, is explained by the fact that opportunistic screening
tests are not counted to this participation rate unlike in the other Nordic countries.
The reason for this is the fact that in Finland the opportunistic screenings are not
registered anywhere. The establishment of a comprehensive register including also
the opportunistic screening tests taken would require large amounts of resources from
the municipalities, but in the long run it would benefit the screening participants
and the municipalities arranging the screening tests.

The equality of the cervical cancer screening programme in Finland has been
studied, and the socioeconomical and educational factors have been shown to play a
role in the participation rates for the screening as well as the incidence and mortality
rates of cervical cancer. However, more research is still needed, as the socioeconomical
polarization of our society is constantly increasing and income differences are growing.
At the moment cervical cancer screening in Finland does not take gender minorities
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into account in any ways and this needs to be corrected in the future. The screening of
gender minorities requires a lot of research and training of the health care professionals
responsible for screening tests.

The testing guidelines for cervical cancer screening are constantly evolving, as
new tests, such as new hrHPV tests and liquid based cytology tests, are developed.
The differences in the tests ued in different municipalities in Finland can lead to
non-comparable data. For example, extensive use of hrHPV tests as a primary
screening test can lead to overdiagnosis, but can also expose more cervical neoplasia
lesions and cancers, since hrHPV tests are more sensitive. This can be seen in the
data from Tampere district, where the hrHPV is mostly widely used. It is important
to standardize the guidelines in Finland so that different municipalities would have
equal screening programmes and the data would remain comparable.

The HPV vaccination programme started in 2013 in Finland. The effects of this
programme can not yet be seen in the incidence rates. After the next decade or so,
as the first vaccinated age groups age, we will begin to see the effects in the incidence
rate data.

In this thesis we found out that the COVID-19 pandemic decreased the partic-
ipation in the cervical cancer screening. In 2019 the participation rate was 63.2
% in the 14 hospital districts we studied, and in 2020 it had decreased by 11.6 %,
being 51.6 %. All of the hospital districts that had a target population (women
invited to the cervical cancer screening) of over 5000 had a statistically significant
decrease in the participation rates. Also one of the hospital districts with target
population of less than 5000 had statistically significant decrease in the participation
rate. However, most of the smaller hospital districts, with target populations below
5000, did not have a statistically significant decrease in the participation rate. This
might be due to the smaller sample size, or it might be caused by differences in the
severity of COVID-19 epidemic between more and less populated hospital districts.
The decrease in the participation rate is probably even bigger in the Helsinki and
Uusimaa district, which had the most severe COVID-19 epidemic and the strictest
restrictions in Finland.

It would be important to reinvite the women who did not make it to the cervical
cancer screening tests in 2020, so that there would be no increase in the cervical cancer
incidence rates in the future. It would also be crucial to see if some demographic
groups were more likely to skip the cervical cancer screening tests due the COVID-19
situation than others.
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A Proportion test
If we have an event A that happens X times out of n trials, we can estimate the
population proportion via sample proportion X

n
In order to execute a proportion

test [41], our n trials need to follow a binomial distribution. The mean of binomial
distribution is np and standard deviation

√︂
np(1 − p). When we want to estimate

the mean of the sample proportion, we get:
np

n
= p (A1)

and standard deviation: √︂
np(1 − p)

n
=

√︄
p(1 − p)

n
(A2)

If our n is large we can use normal approximation of binomial distribution. The
test statistic for hypothesis testing under normal distribution is:

Z = X̂ − µ

σ
(A3)

By substituting the mean and standard deviation we get:

Z = X̂ − p√︄
p(1 − p)

n

(A4)

In this case our X̂ is p̂ and p is X

n
and so we get our equation for one sample

proportion test:

Z =
p̂ − X

n⌜⃓⃓⃓
⎷ X

n
(1 − X

n
)

n

(A5)

In this thesis we used two-sample proportion test. In two-sample proportion test
we can again approximate the sample distributions normally distributed. So we have
normally distributed sample distribution of p1̂, which is centered around p1, and
of p2̂, which is centered around p2. The difference of these two sample proportions
is p1̂ - p2̂ and also normally distributed. The mean of this distribution is p1 - p2

and its standard deviation is
√︄

p1(1 − p1)
n1

+ p2(1 − p2)
n2

. In the case of two-sample
proportion test we assume our H0: p1 - p2 = 0. When we substitute everything to the
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normal distribution test statistic we get the test statistic for two sample proportion
test:

Z = (p1̂ − p2̂) − 0√︄
p̂(1 − p̂) + ( 1

n1
+ 1

n2
)
, p̂ = X1ˆ + X2ˆ

n1 + n2
(A6)

We used the prop.test() -function in R 4.0.3 for the two-sample proportion test.
This function formally calculates a X2 test statistic, which in the case of a two-sample
proportion test is just the square of equation A6. This transformation is based on the
fact that the square of a N(0, 1) -distributed random variable is X2(1) -distributed,
so the test statistic used here was:

X2 = (p1̂ − p2̂)2

p̂(1 − p̂) + ( 1
n1

+ 1
n2

)
, p̂ = X1ˆ + X2ˆ

n1 + n2
(A7)

We calculated a two-tailed two-sample test, with:

H0 : p1̂ = p2̂

H1 : p1̂ ̸= p2̂
(A8)
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B P-value adjustment
When multiple statistical inferences are calculated, the risk of error in the infer-
ences increases. To prevent this increase from happening we can perform p-value
adjustments to the calculated p-values. P-value adjustment methods create a stricter
accepted significance level, in order to minimize the error in the result.

In this thesis we used Hochberg method [42] for p-value adjustment. Hochberg
method controls the family-wise error rate (FWER), instead of false discovery rate
(FDR) as some of the p-value adjustment methods do. FWER tells the probability
of making one or more false discovery (incorrectly rejected null hypothesis) and FDR
is the expected proportion of false discoveries among all discoveries.

B.1 Why we chose FWER controlling method?
Next we will show why FWER control also controls FDR, but FDR control does not
always control FWER. [43]

We define false discovery proportion (FDP):

FDP = FD

D
, where

⎧⎨⎩
FD

D
, if D > 0

0, if D = 0
,

FD = falsely rejected null hypotheses and D = rejected null hypotheses

(B1)

and FDR is the expected value of FDP:

FDR = E(FDP ) = Pr(D = 0) · 0 + Pr(D > 0) · E(FD

D

⃓⃓⃓
D > 0)

= Pr(D > 0) · E(FD

D

⃓⃓⃓
D > 0)

(B2)

and FWER is the probability that there is one or more false discoveries:

FWER = Pr(FD > 0) (B3)
FDR is the same as FWER only when all null hypotheses are true, because in

this case FD = D (all of the observed discoveries are false no matter how many there
is). We can substitute FD as D in the equation B2. If FD is 0, FDR (and FWER)
is 0 and if FD > 0, FDP = 1 and the equation B2 consists only of Pr(FD > 0) =
FWER. This means that by controlling FDR we only control FWER when all null
hypotheses are true. In other cases FDR ̸= FWER.[44]

When the amount of true null hypotheses is smaller than the amount of overall
null hypotheses and there is at least one FD, we have FDP = FD

D
≤ 1. We can also

think that the indicator function of FD being more than 1 is here always 1, which
means that it is always bigger than FDP in this case. So 1F D≥1 ≥ FDP and when we
take the expected value out of this we get: Pr(FD >0) ≥ E(FDP), which is the same
as FWER ≥ FDR. This means that by controlling FWER we also control FDR the
same amount.
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Controlling FWER controls the type I error (false discoveries), since it always
allows only one false discovery. When we only control FDR, we control the proportion
of the false discoveries, which means that we have a smaller probability for type II
errors (falsely rejected null hypotheses), since the control is not too strong. FDR
based control is good if we have a really large sample size and type II errors are more
Likely to happen.

In our case FWER based control is the best, because it also controls the FDR,
and our sample size is so small that the probability of type II errors is not high.

B.2 Hochberg method
Hochberg method is an extension of Simes method, which is a modification of
Bonferroni correction. All of these methods are based on FWER control.

Bonferroni correction:

FWER = P{
m0⋃︂
i=1

(pi ≤ α

m
)} ≤ α, (0 ≤ α ≤ 1) (B4)

Here pi is a single p-value, m number of (null) hypotheses and α a given significance
level.

Bonferroni correction rejects each pi ≤ α

m
, and thus keeps the FWER ≤ α

While Bonferroni correction examines each p-value individually Hochberg method
is a step-down procedure, which rejects all null hypotheses that are smaller than the
largest pi satisfying:

For any given α and for any i = m, m-1,. . . , 1:

pi ≤ α

(m − i + l) (B5)

Hochbergs method starts testing p-values from the largest and stops when it finds
the first p-value, lets note this p-value by pk that satisfies the equation B5. Then
it rejects the hypothesis corresponding to this p-value and all the hypotheses with
smaller p-values than pk.
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