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Abstract
Background For cervical cancer (CC), the implementation of preventive strategies has the potential to make cervical 
cancer occurrence and death largely avoidable. To better understand the factors possibly responsible for cervical 
cancer, we aimed to examine possible differences in age and social parameters as well as screening status between 
women with low- or high-stage cervical cancer and matched controls.

Methods Through the Danish Cancer Registry (DCR), women diagnosed with cervical cancer in Denmark between 
1987 and 2016 were included. These were age- and residence-matched in a 1:5 ratio with controls from the general 
female population. The study population was sub grouped into a low-stage subpopulation with women with 
early-stage cervical cancer and matched controls and a high-stage subpopulation with women with late-stage 
cervical cancer and matched controls. Age and social parameters were compared within the subpopulations as well 
as between low- and high-stage cases. For part of the study population, screening attendance was examined to 
compare differences in adherence.

Results Overall, we found that the risk of cervical cancer is significantly increased in socially disadvantaged women 
and not least non-attenders in screening. Interestingly, the high-stage subpopulation was significantly older than the 
low-stage subpopulation (p < 0.001), and when examining the impact of age further, we found that for cervical cancer 
cases, the risk of having low-stage disease decreases significantly with increasing age, whereas the risk of having 
high-stage disease increases significantly with increasing age. In the screening cohort, significantly less cases than 
controls were attenders in screening with the most pronounced differences seen in the old subpopulation (women 
aged 50–64 years) and in the high-stage subpopulation (p-values all < 0.001). Interestingly, when examining the risk of 
CC for attenders and non-attenders, we demonstrated that many social parameters continue to influence the risk of 
cervical cancer, even in women attending screening.

Conclusions Older women, socially disadvantaged women, and non-attenders in screening are particularly 
vulnerable in terms of developing cervical cancer, especially high-stage disease. Therefore, improvements in the 
participating rate in screening as well as a revision of the current screening guidelines are needed.
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Background
A persistent infection with carcinogenic human papillo-
mavirus (HPV) genotypes is the cause of nearly all cases 
of cervical cancer (CC) [1]. This knowledge has opened 
new pathways for primary (prophylactic HPV vacci-
nation) and secondary (cervical cancer screening and 
treatment of precancerous lesions) prevention [2]. HPV 
vaccination was introduced into the free-of-charge Dan-
ish childhood vaccination program in January 2009 for 12 
year-old girls [3], and the HPV vaccination program cur-
rently has a 80% coverage among eligible girls (Girls born 
2008) [4]. The implementation of HPV vaccination has 
caused a reduction in the incidence of HPV associated 
diseases in many countries [5–8]. Likewise, screening is 
estimated to reduce the CC incidence rate by 50–60% [9], 
and precancerous lesions can be treated, preventing pro-
gression to invasive disease [10–15]. In Denmark, cervi-
cal cancer screening was introduced in 1962 [16], and in 
2007, it changed from being based on recommendations 
from the Danish Health Authorities to being an invita-
tion of women aged 23–49 years every third year, and of 
women aged 50–64 years every fifth year [17]. After the 
introduction of cervical cancer screening, CC incidence 
decreased radically, but since year 2000, the incidence 
has remained stable [18] with approximately 350 Dan-
ish women being diagnosed with the disease each year 
[19], and with the incidence peaking in two age groups; 
women aged 35–44 years and women aged 75–84 years, 
respectively [20, 21].

Thus, the effectiveness of primary and secondary pre-
vention is indisputable, and therefore, in order to reach 
the best protection against CC, high attendance in 
both HPV vaccination and cervical cancer screening is 
required. On the basis of this, World Health Organiza-
tion (WHO) recently presented a roadmap for the period 
2022–2030 to accelerate the elimination of CC as a pub-
lic health problem in the WHO European Region [22]. It 
offers a vision for the path towards CC elimination in the 
Region by 2030 through universal access to HPV vaccina-
tion and appropriate cervical cancer screening and treat-
ment services for the population. They describe a global 
strategy including three ambitious so-called 90-70-90 
global targets aiming for the following: 90% of girls fully 
vaccinated with the HPV vaccine by the age of 15; 70% 
of women screened using a high-performance test by the 
age of 35, and again by the age of 45; and 90% of women 
with precancer treated, and 90% of women with invasive 
cancer managed.

Interestingly, previous data show that non-adher-
ence to HPV vaccination is clearly associated with 

non-participation in cervical cancer screening [23–33], 
and furthermore, a large proportion of women with CC 
are non-attenders in cervical cancer screening, particu-
larly women with more advanced disease stages [34–36]. 
Thus, to make an elimination of CC a reality, a better 
adherence to preventive strategies is essential. The aim 
of the present study was to examine possible differences 
in ageand social parameters as well as cervical cancer 
screening adherence between women with and women 
without a CC diagnosis, but also between women with 
early stages (localized disease according to ICD-10 [37]) 
and women with more advanced stages (regional dis-
ease or distant metastases according to ICD-10 [37]) of 
CC. A knowledge of these differences may contribute to 
a better understanding of the factors possibly responsible 
for the barriers to HPV vaccination and cervical cancer 
screening.

Methods
Setting and study population
This study is a population-based, nationwide, cohort 
study, where data were retrieved from different Danish 
National Health-care registries. Due to equal access to 
a centralized, tax-funded healthcare system for all resi-
dents in Denmark, a population-based study design was 
possible. Health service utilization is recorded in nation-
wide registries using each resident’s unique social secu-
rity number (CPR number), which has been provided to 
all residents in Denmark since 1968 [38]. By means of 
the CPR number, cross-linkage of data on an individual 
level across registries is possible [39]. Thus, different reg-
istries were used to identify our study population; a case 
group with all CC patients diagnosed between 1987 and 
2016, and a control group consisting of five matched 
women per case. First, we used the Danish Cancer Reg-
istry (DCR) to identify all women aged 18 years or more 
with a diagnosis of CC between 1987 and 2016. The DCR 
records information on all cancers diagnosed in Den-
mark, with registration being mandatory from 1987 [40]. 
Furthermore, DCR gives specific information on the 
stage of a cancer, were data from 1978 to 2003 has been 
converted from the modified ICD-7 classification to ICD-
10 for diagnosis [37] making data from 1978 and onwards 
comparable. In most situations, the optimal control – to 
- case ratio is five [41], and therefore, for each CC patient, 
we identified five randomly matched women by year, 
date of birth (± 7 days), and area of residence at matching 
date (i.e., index date) through the Danish Civil Registra-
tion System (DCRS). To be in the control group, a per-
son should [1] be alive and resident in Denmark at the 

Keywords Epidemiology, Nationwide, Denmark, Social parameters, Cervical cancer screening, Non-attendance, 
Screening guidelines
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time of the CC diagnosis for a matched patient from the 
case group (henceforth the ‘index date’); [2] not have a 
CC diagnosis in DCR; [3] and be matched only with one 
patient from the case group. The DCRS was furthermore 
used to access data on vital status and migration status 
for the study population. Figure 1 depicts the selection of 
the study population.

Information regarding relevant comorbidities up to ten 
years prior to the index date was retrieved from the Dan-
ish National Patient Registry (DNPR), and we classified 
these using the Charlson Comorbidity Index (CCI) (cat-
egorized as low [0], moderate [1 or 2], or high [> 2]) [42]. 
To ensure agreement of cancer diagnoses, incident CC 
cases were furthermore identified via DNPR, and these 
data were linked with the obtained data from the DCR. 
Since 1977, the DNPR contains information on all inpa-
tient consultations according to the International Clas-
sification of Disease (ICD), and after 1995, the register 

contains information on all outpatient (ambulatory) hos-
pital consultations as well [43]. Information on social 
parameters was retreated from Danish central registries. 
The socio-economic status of all women included was cal-
culated using the information about personal equivalent 
disposable income in the year of the index date [44].The 
socio-economic status was defined as 0 - ‘low’ if the wom-
an’s income was lower than the median of 213,993 DKK, 
and 1-high if the income was equal to or higher than the 
median. Education was calculated using information 
about the woman’s highest completed education and was 
defined in three categories: (i) 0 - low (municipal primary 
and lower secondary school), (ii) 1 - medium (upper 
secondary school), and (iii) 2 - high (higher education 
including bachelor, masters, and doctoral levels) [45]. 
Variable civil status was constructed using the house-
hold information, and it was defined as 0 - `yes’ if another 
adult was registered at the same address or 1- `no` if no 

Fig. 1 Selection of study population
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other adult was registered at the same address [46]. Infor-
mation about the woman’s working status in the year 
of the diagnosis was used to define the woman’s social 
group; (i) 0 - employed, (ii) 1 - senior citizen, or (iii) 2 
- other.

Since 2007, the Danish national cervical cancer screen-
ing program has involved a screening invitation every 
third year for women aged 23–49 years and every fifth 
year for women aged 50–64 years [17]. The Danish Qual-
ity Database for Cervical Cancer Screening (DQCCS) 
monitors the quality of the nationwide screening pro-
gram, and annual reports have been published since 2009 
[47]. DQCCS was therefore used to collect information 
on screening attendance for women in our study popu-
lation with an index date within a specific timeframe. 
Information on cervical smears in this database does not 
distinguish between smears collected for screening or 
smears collected as either a follow-up sample after previ-
ous detection of a precancerous lesion or as a part of the 
procedure for diagnosing CC, the last-mentioned in com-
bination with a biopsy collection (i.e., colposcopy, biopsy, 
and cervical smear). Thus, since part of the diagnostic 
procedure includes collection of a cervical smear, cases 
from our total study population would most likely have 
a recent record of a smear prior to their diagnosis. There-
fore, with the aim of only including and analyzing as 
many cervical smears collected for screening as possible, 
we decided to determine screening attendance as having 
a cervical smear taken more than 90 days prior to index 
date. Furthermore, since data in DQCCS is only available 
from year 2009 and onwards, and since screening is initi-
ated at age 23, we included only part of the study popu-
lation (i.e., subpopulation with known screening status) 
according to both index date and age at index date. Thus, 
to ensure that all women in this subpopulation would 
have been invited to screening prior to their index date 
and that sufficient screening history was available for 
all women, we only included women aged minimum 26 
years and maximum 64 years. Furthermore, since some 
women attend screening with a reasonable delay after a 
screening invitation, we allowed for six months of delay, 
and thus, only women meeting the following criteria 
were included in the final subpopulation with known 
screening status: 26–49 year old women with an index 
date between 1st of July 2012 and 31st of December 2016, 
and 50–64 year old women with an index date between 
1st of July 2014 and 31st of December 2016. Moreover, to 
ensure no inequality within the two age groups, only 3.5 
years of screening history was included for all women in 
the young subpopulation, and only 5.5 years of screening 
history was included for all women in the old subpopu-
lation, regardless of index date (Figure S1). By means 
of these criteria, 3.5 and 5.5 years of screening history 
prior to index date were available for the young and the 

old subpopulation, respectively. Controls comprised the 
same controls who were matched to the cases when they 
were included in the total study population. Furthermore, 
to enable determination of possible differences in screen-
ing attendance between women invited for screening 
every third year and women invited every fifth year, the 
subpopulation was subdivided into a young subpopula-
tion aged 26–49 years at index date and an old subpopu-
lation aged 50–64 years at index date (Fig. 1). Because the 
screening interval changes from every third to every fifth 
year at age 50, we made subanalyses excluding women 
aged 50–54 years from the analysis and thus ensuring 
that all women included in the two age cohorts have been 
invited for screening either within the last three or five 
years, respectively.

The Danish Vaccination Register (DDV) contains infor-
mation on vaccinations reported by doctors and hospitals 
[48]. However, reporting of vaccinations was not manda-
tory until 15th of November 2015, and thus we were not 
able to gather information on HPV vaccination adher-
ence in our study population. Furthermore, since HPV 
vaccination was not part of the free-of-charge Danish 
childhood vaccination program before 2009, only few 
from the study population would have been invited.

Subgrouping of the study population
Treatment of CC depends on the stage of the disease 
[49], where women with localized disease are mainly 
treated with surgery and women with advanced disease 
with chemoradiation. Furthermore, the stage of the dis-
ease is the most important predictor of survival from CC, 
and the risk of death increases drastically with increasing 
disease stage [50]. Thus, to examine possible differences 
within the CC cases, information on the stage of the dis-
ease was retrieved from DCR [40], and the study popula-
tion was sub-grouped into a low-stage subpopulation and 
a high-stage subpopulation, and separate analyses were 
performed on these subpopulations. Cases in the low-
stage subpopulation included women with early-stage 
CC (localized disease according to ICD-10) and age- 
and residence-matched women from the overall control 
group. Cases in the high-stage subpopulation included 
women with advanced stage CC (regional disease or dis-
tant metastases according to ICD-10) and age- and res-
idence-matched women from the overall control group.

Similarly, our subpopulation with known screening sta-
tus was also sub-grouped into a low-stage subpopulation 
with known screening status and a high-stage subpopula-
tion with known screening status.

Statistical analyses
STATA version 17 (StataCorp, College Station, TX) was 
used for all statistical analyses. We used an approxima-
tion of the Fisher exact test for descriptive analyses. We 
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performed logistic regression analyses adjusted for age, 
cohort and possible interaction between age and year of 
inclusion (cohort). Furthermore, to ensure that interac-
tion between parameters are taken into account, strength 
of correlation between the explanatory parameters in a 
regression model were detected using a variance infla-
tion factor (VIF). Here, a value of 1 indicates no correla-
tion between a given explanatory variable and any other 
explanatory variable in the model, a value between 1 and 
5 indicates moderate correlation but not severe enough 
to require attention, and a value greater than 5 indicates 
potentially severe correlation, making the coefficient esti-
mates and p-values in the regression output unreliable. 
Furthermore, we conducted additional analyses by incor-
porating all relevant parameters as independent variables 
in a full model to investigate their impact on the outcome 
in both the total study population and the subpopulation 
with known screening status. We considered a p-value of 
≤ 0.05 as statistically significant.

Results
Study population
In the total study population, we included 12,160 cases 
with CC and 60,753 matched controls (Fig.  1). After 
sub-grouping of cases according to disease stage, we 
identified 984 cases with unknown disease stage and the 
4,904 controls matched to these cases, leaving 11.176 
patients with known stage CC (case group) (median age 
at index date 50.19 years) and 55,849 age- and residence-
matched references (median age at index date 50.16 
years) (Table  1). The low-stage subpopulation included 
early-stage CC patients (localized disease, n = 6,126) 
(median age at index date 42.80 years) and age- and 
residence-matched controls (n = 30,618) (median age at 
index date 42.80 years), and the high-stage subpopulation 
included advanced stage CC patients (regional disease 
or distant metastases, n = 5,050) (median age at index 
date 61.23 years) and age- and residence-matched con-
trols (n = 25,231) (median age at index date 61.21 years) 
(Table 1).

From the total study population (12,160 cases and 
60,753 controls), we included 1,021 cases and 5,104 
controls matched to these cases in the subpopulation 
with known screening status (N = 6,125), and these were 
sub-grouped according to age and afterwards according 
to disease stage (Fig.  1). Sub-grouping according to age 
resulted in 4,927 women aged 26–49 years in the young 
subpopulation and 1,198 women aged 50–64 years in the 
old subpopulation (Fig.  1). After sub-grouping of these 
two subpopulations according to disease stage, we identi-
fied 123 cases with unknown disease stage and the 615 
controls matched to these cases, leaving 898 patients with 
known stage CC and 4,489 age- and residence-matched 
references. The low-stage subpopulation included 

early-stage CC patients (localized disease, n = 651) and 
matched controls (n = 3,255), and the high-stage subpop-
ulation included advanced stage CC patients (regional 
disease or distant metastases, n = 247) and matched con-
trols (n = 1,234).

Risk of CC according to age and social parameters and 
screening attendance
Since cases with unknown stage CC may be a biased sub-
population, we analyzed baseline characteristics for both 
the total study population and the sub-grouped study 
population with known disease stage. For both popula-
tions, we showed some significant differences in the same 
social parameters between cases and controls (Table  1). 
Thus, for the total study population, significantly more 
cases had a short education, were living alone, and were 
born in Denmark (p-values all < 0.001), whereas sig-
nificantly less cases were working, and had a high socio-
economic status (p-values all < 0.001). When comparing 
women within the low- and the high-stage subpopula-
tions, significant differences were observed in all the 
same parameters (p-values all < 0.001) with the most sig-
nificant differences seen in the high-stage subpopulation. 
When comparing cases within the low- and high-stage 
subpopulations, our data show pronounced differences in 
almost all social parameters but also that high-stage cases 
were significantly older than low-stage cases (p < 0.001) 
(Table 1), highlighting a generally great difference in age 
between the low- and the high-stage subpopulation.

Even after adjusting for age, year of index date (cohort), 
and possible interaction between age and cohort, we 
found that the risk of getting CC remains influenced by 
various social parameters with significant differences 
according to level of education, working status, socio-
economic status, civil status, and especially screening sta-
tus (Table 2). In continuation of this, we showed that for 
CC cases, the same parameters influence the risk of hav-
ing high-stage disease. These findings demonstrate that 
social parameters and screening status influence the risk 
of getting CC as well as the risk of having high-stage dis-
ease regardless of age. To ensure that interaction between 
parameters are taken into account, all parameters were 
further included in one model, and a VIF was used to 
detect strength of correlation between the explana-
tory parameters. Based on the whole study cohort, our 
results show that estimated VIF for all parameters were 
lower than 5, which means that it does not require extra 
attention. Moreover, using all possible combinations of 
parameters, our models showed that the change in esti-
mated coefficients do not exceed one decimal regard-
less of the used combination of parameters. Overall, our 
findings show that the estimated effect of parameters 
were non-significantly different from the effect estimated 
for each parameter separately. This means that there is 
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indeed interaction between parameters, but these param-
eters also independently influence on the risk of get-
ting CC and of having high-stage disease. Nonetheless, 
acknowledging the potential correlation between social 
parameters, we conducted an additional analysis to assess 
the influence of each parameter while controlling for all 
other variables (i.e., education, comorbidity, working sta-
tus, socio-economic status, civil status, country of birth, 
and age). Since all variables were only available for 59,288 
women from the total study population (9,278 cases and 
50,010 controls) and stage was only available for 8,635 
women (5,200 in the low-stage subgroup and 3,435 in the 
high-stage subgroup), the analyses were only conducted 
on these women. Our findings show that the risk of get-
ting CC is still influenced by education, socio-economic 
status, civil status, and country of birth. However, work-
ing status no longer has a significant impact on the risk 
(Table S1). In terms of the risk of having high-stage dis-
ease, our findings show that education, civil status, and 
age play a significant role, whereas working status and 
socio-economic status no longer have an impact (Table 
S1). In summary, the unadjusted and adjusted findings 
both demonstrate that various social parameters inde-
pendently contribute to the risk of getting CC and of hav-
ing high-stage disease.

As described earlier, screening attendance in the sub-
population with known screening status was defined 
as a screening sample taken more than 90 days prior to 
index date. For this subpopulation, we found that the risk 
of CC and especially high-stage disease is significantly 
increased in non-attenders compared to attenders in cer-
vical cancer screening (OR for CC 2.85, 95% CI 2.37; 3.13 
and OR for high-stage disease 2.76, 95% CI2.02; 3.76) 
(Table  2). Like with the total study population, a model 
including all parameters concluded that interaction 
between parameters is independent of the risk of CC.

Nonetheless, it can be concluded from Table  2 that 
screening status has a substantial impact on a wom-
an’s outcome. Consequently, it is highly probable that 
screening status itself is the parameter responsible for 
the detected effect on the social parameters analyzed in 
Tables 1 and 2 (i.e. education, comorbidity, working sta-
tus, socio-economic status, civil status, and country of 
birth). Therefore, to determine the possible impact of 
screening status on our findings, we conducted additional 
analyses on the subpopulation with known screening sta-
tus similar to our analyses on the total study population. 
Thus, like in Table  1 for the total study population, we 
examined baseline characteristics for the subpopulation 
with known screening status (Table S2). Similar to our 
findings in the total study population, there were signifi-
cant disparities between cases and controls in education, 
working status, socio-economic status, civil status, and 
country of birth, and these differences were even more 
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pronounced than in the total study population (Table 
S2). Additionally, after subgrouping the subpopulation 
according to screening status, similar differences were 
observed between cases and controls. Thus, for attenders, 
there were significant differences between cases and con-
trols according to comorbidity index, working status, 
civil status and country of birth (p-values all < 0.001), 
whereas for non-attenders, education level, working sta-
tus, civil status, and country of birth differed significantly 
between cases and controls (Table S2). Furthermore, for 
cases, attenders and non-attenders had significantly dif-
ferent education levels and working statuses (p-values all 
< 0.001), with a higher proportion of attenders having a 
high education level and being working. Conclusively, 
it seems that the only parameter probably slightly influ-
enced by screening status is education.

In Table  1, we saw a significant difference in age 
between the low- and the high-stage subpopulation. 
Thus, in CC cases, we studied the impact of age more 
closely by examining a possible difference in the risk of 
having low- or high-stage disease according to age (Fig. 2 
and Table S3). When using women aged < 35 years as our 
reference group, we found that the risk of having low-
stage disease decreases significantly with increasing age; 
from an OR of 0.65 (95% CI 0.47; 0.90) in the 35–44 year 
old age group to 0.06 (95% CI 0.04; 0.09) in the > 74 year 
old age group (Fig. 2 and Table S3). Furthermore, the risk 
of having high-stage disease increases significantly with 
increasing age; from an OR of 1.54 (95% CI1.11; 2.14) 
in the 35–44 year old age group to 15.40 (95% CI 10.64; 
22.29) in the > 74 year old age group. In Denmark, CC 
incidence peaks in two age groups; in women around 
35–44 years and in women around 75–84 years, respec-
tively [20, 21]. Thus, our findings show that for women 
with CC, high-stage disease burden is predominantly car-
ried by older women. We further found that the cohort 
(i.e. the year of index date) does not affect the risk of hav-
ing low- or high-stage disease (Table S3), meaning that 
the risk of having low- or high-stage disease is not dif-
ferent in women diagnosed before compared to women 
diagnosed after the introduction of the nationwide rec-
ommendations for cervical cancer screening in 2007.

CCS attendance according to age group and stage
For the total screening cohort, we found that significantly 
less cases than controls had previously attended screen-
ing, and this difference was even more pronounced in 
the high-stage subgroup (Table 3). Similarly, after having 
sub-grouped the screening cohort according to age, we 
found that for both for the young- and the old subpopu-
lation, and the sub-grouped screening cohort according 
to disease stage, significantly less cases than controls 
had previously attended screening (p-values all < 0.001). 
The disparity was once again particularly evident in the 
high-stage subpopulation (Table 3), highlighting the low 
attendance of screening among women diagnosed with 
advanced stages of cervical cancer. Further, in both the 
young- and the old subpopulation, significantly more 
low-stage cases than high-stage cases had previously 
attended screening (p-values < 0.001) (Table 3). As previ-
ously described, we made a subanalysis excluding women 
aged 50–54 years, and results of this analysis show simi-
lar results on screening (data not shown).

Risk of CC in the subpopulation with known screening 
status
As described previously, screening status significantly 
influences the risk of getting CC (Table 2). Consequently, 
we further aimed to evaluate the risk of CC accord-
ing to age and social parameters for non-attenders and 

Table 2 Risk of cervical cancer according to social parameters 
and screening attendance

Risk of getting 
CC (total study 
population) 
(n = 72,913)

Risk of having high-
stage disease (total 
cases with known stage) 
(n = 11,176)

OR (95%CI) OR (95%CI)
Education
 Medium vs. Short
 High vs. Short

0.76 (0.73; 0.81)
0.64 (0.61; 0.68)

0.71 (0.64; 0.78)
0.54 (0.47; 0.61)

Comorbidity
 CCI = 1 vs. CCI = 0
 CCI = 2 vs. CCI = 0
 CCI > 2 vs. CCI = 0

1.06 (0.98; 1.14)
1.07 (0.98; 1.17)
1.14 (1.00; 1.30)

1.13 (0.96; 1.32)
1.13 (0.93; 1.37)
1.12 (0.83; 1.52)

Working status
 Senior vs. Working
 Other vs. Working

1.34 (1.26; 1.43)
1.25 (1.17; 1.32)

1.61 (1.42; 1.82)
1.47 (1.30; 1.66)

Socio-economic 
status
 Low vs. High 1.27 (1.22; 1.33) 1.28 (1.17; 1.41)
Civil status
 Living alone vs. Liv-
ing with a partner

1.37 (1.31; 1.43) 1.13 (1.03; 1.23)

Born in Denmark
 No vs. Yes 0.84 (0.78; 0.90) 1.08 (0.93; 1.25)

Risk of getting CC 
(total subpopula-
tion with known 
screening status) 
(n = 6,125)

Risk of having high-stage 
disease (total cases in sub-
population with known 
screening status and 
known stage) (n = 898)

Screening 
attendance1

 No vs. Yes 2.85 (2.37; 3.13) 2.76 (2.02; 3.76)
Adjusted for age, cohort, and possible interaction
1 Screening attendance was only evaluated for part of the total study 
population, i.e., the subpopulation with known screening status, consisting 
of the following women from the population: 26–49 year old women with an 
index date between 1st of July 2012 and 31st of December 2016, and 50–64 year 
old women with an index date between 1st of July 2014 and 31st of December 
2016
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attenders, respectively. Interestingly, for non-attenders, 
only civil status and country of birth significantly affected 
the risk of getting CC with an increased risk in women 
living alone and in women born outside Denmark (OR 
1.28 (1.02; 1.16) and 2.64 (1.95; 3.59), respectively), 
whereas for attenders, working status, socio-economic 
status, civil status, and country of birth all significantly 
affected the risk of getting CC (Table S4). This shows 
that even though screening status significantly influence 
the risk of getting CC (Table 2), many of the same social 
parameters as described earlier (Tables  2 and 3) con-
tinue to influence the risk of CC, even in women attend-
ing screening. For CC cases, we showed that for both 
attenders and non-attenders, the risk of having high-
stage disease was significantly increased in women ≥ 50 
vs. women < 50 years (OR attenders 2.49 (1.47; 4.21) and 
non-attenders 3.08 (1.90; 4.99)) and in seniors vs. work-
ing women (OR attenders 2.29 (1.13; 4.63) and non-
attenders 4.57 (2.35; 8.87)) but significantly decreased in 
women with high vs. women with short educations (OR 
attenders 0.49 (0.25; 0.97) and non-attenders 0.41 (0.23; 
0.74) (Table S4). This corresponds well with our findings 
on CC cases in Fig. 2 showing that compared to women 
aged < 35 years, the risk of having high-stage disease 
increases significantly with increasing age. Like with the 
previous statistical analyses on both the total popula-
tion and the subpopulation with known screening status 
(Table 2), all parameters were included in one model, and 
here, we found that interaction between parameters is 

independent of the risk of CC. Once again, we also con-
ducted an additional analysis to assess the influence of 
each parameter while controlling for all other variables 
(i.e., education, comorbidity, working status, socio-eco-
nomic status, civil status, country of birth, and age). All 
variables were only available for 6,222 women from the 
subpopulation (4,419 attenders and 1,706 non-attenders) 
and stage was only available for 898 women. The results 
from this additional analysis showed that the risk of CC is 
still influenced by working status, civil status, and coun-
try of birth, whereas socio-economic status of attenders 
no longer has a statistically significant impact. The risk 
of high-stage disease in CC cases is still significantly 
affected by age and working status, whereas education no 
longer reaches statistical significance.

Differences in age and social parameters between 
attender- and non-attender controls
Since Table 2 showed a very significant impact of screen-
ing status in both the risk of CC and the risk of high-
stage disease, we found it interesting to further examine, 
whether possible differences in baseline characteristics 
exist between attenders and non-attenders in cervical 
cancer screening. However, in our subpopulation with 
known screening status, a great proportion of CC cases 
would most likely belong to the non-attender group, and 
an inclusion of cases in these analyses would therefore 
introduce possible bias. Thus, with the aim of prevent-
ing this, potential differences in baseline characteristics 

Fig. 2 Risk of having low- or high-stage CC according to age
The reference group consists of cases < 35 years
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between attenders and non-attenders were only exam-
ined for the controls from our subpopulation with known 
screening status (N = 5,104). Furthermore, these con-
trols are Danish women matched to women with CC 
and may therefore not be completely representative for 
Danish women overall, and this must of course be taken 
into account. Nevertheless, we established that signifi-
cantly more attenders than non-attenders had a medium 
or high education (44.1% vs. 39.1% and 41.3% vs. 31.1%, 
respectively), were working (79.3% vs. 60.8%), had a high 
socio-economic status (43.9% vs. 28.5%), were living with 
a partner (74.7% vs. 65.0%), and were born in Denmark 
(85.6% vs. 73.0%) (p-values all < 0.001) (Table S6). Simi-
lar results are found in the subanalysis excluding women 
aged 50–54 (data not shown). These parameters com-
bined highly suggest the impact of different social param-
eters and not least country of birth on cervical cancer 
screening attendance.

Discussion
To our knowledge, this is the first study to assess the 
association between age and social parameters and CC 
in a nationwide setting spanning almost three decades. 
Participation is a prerequisite for a screening program 
to succeed, and non-attendance has been shown to be 
the foremost risk factor for CC related to the screening 
program [14]. Nevertheless, the current screening cover-
age in Denmark is only 73% [51], and improvements in 
the participation rate in preventive strategies are there-
fore crucial. Thus, besides examining differences in age 
and social parameters between women with (cases) and 
women without (controls) CC as well as within the sub-
populations (low-stage- and high-stage subpopulation, 
respectively), we furthermore examined the cervical can-
cer screening attendance in part of our study population 
(i.e., subpopulation with known screening status).

Overall, we found notable differences in social param-
eters between cases and controls, but also that the 
high-stage subpopulation was significantly older than 
the low-stage subpopulation. These findings empha-
size that social status (i.e. education level, comorbidity 
level, working status, socio-economic status, civil status 
and country of birth) and age play an important role in 
regards to who develops CC and in what disease stage the 
cancer is detected. In continuation hereof, we found that 
compared to women aged < 35 years, the risk of having 
high-stage CC increases significantly with increasing age. 
These observations demonstrate that for the incidence 
of CC in Denmark, which has been shown to peak in 
women around 35–44 years and in women around 75–84 
years, respectively [20, 21], the peak in older women is 
primarily driven by women diagnosed with high-stage 
disease. Previous studies have also reported this impact 
of social parameters and not least age. A Danish study 

found that low education, older age, and living alone are 
related to advanced CC stages due to non-attendance in 
cervical cancer screening [52]. Others suggest that CCs 
in less-advantaged women might be diagnosed at a more 
advanced stage because of low screening uptake, delay in 
seeking health care, and poor access to specialist care [53, 
54]. After having adjusted for age, our findings support 
this by showing that the risk of getting CC and the risk 
of having advanced stage disease remains significantly 
increased in socially disadvantaged women and not least 
non-attenders in screening. The only rather unexpected 
finding is that the risk of CC is significantly decreased in 
non-natives compared to natives (OR 0.84, 95% CI 0.78; 
0.90). One may speculate if this could be explained by 
different lifestyles or genetic differences between these 
two groups. However, this cannot be examined with 
the current data. In line with previous studies showing 
that most cases of CC develop in unscreened or under-
screened women [14, 55, 56], we furthermore found a 
higher screening attendance among controls, and when 
comparing attenders and non-attenders in screening, 
our data show that significantly more non-attenders are 
less educated, not working, living alone, and more often 
non-natives compared to attenders. In line with these 
observations, findings from several studies from vari-
ous countries and screening settings have underlined the 
influence of social parameters on the uptake of cervical 
cancer screening by showing an increased risk of being 
a non-attender in women with basic educational level or 
low income [57–63], in unmarried women [60–62, 64], 
and in women from ethnic minority backgrounds [65–
67], specifically within the 50–64 year age group [68]. In 
continuation of this, others have shown that both HPV 
vaccination and cervical cancer screening coverages are 
considerably lower among non-natives and especially 
among women from non-western countries [33, 63, 69–
72]. These evident findings on the impact of age, social 
status, and ethnicity on screening attendance underlines 
the importance of re-evaluating the current strategies 
for preventing CC, especially for these specific groups 
of women. This is supported by our finding that the risk 
of neither low-stage nor high-stage CC has changed sig-
nificantly after the implementation of systematic nation-
wide screening in Denmark in 2007. However, it should 
be mentioned that some Danish counties had organized 
screening and relatively high coverage rates prior to 2007 
[73], which may partly explain this, but nevertheless, it 
seems that screening behavior remains largely unchanged 
in the same type of women after the implementation 
of systematic nationwide screening. Prior studies have 
investigated the barriers to screening attendance spe-
cifically in older women, and a recent review suggests 
that these women cite embarrassment, an absence of 
symptoms, fear of pain, and bad experiences (including 
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difficulties with the sample-taker accessing the cervix) 
as reasons for avoiding screening [74]. Another contrib-
uting factor is that many older women see themselves as 
being at lower risk of CC if they have had a single sexual 
partner for a long time or are no longer sexually active 
[75]. A recent qualitative study has examined how bar-
riers to attending screening among older women (aged 
50–64 years) from lower socio-economic and ethnic 
minority backgrounds may be broken down. They con-
cluded that information designed specifically for older 
women should ensure that they understand the purpose 
and relevance of screening. Also, underlining changes 
to the programme that have made the experience less 
uncomfortable, and improved sample taker awareness of 
how women feel, may help to reduce the concerns related 
to previous negative experiences [76]. Furthermore, new 
screening technologies such as homebased HPV testing 
may increase screening participation by allowing women 
to use a self-sampling test kit at home. An overall posi-
tive effect on participation has been shown in several 
trials [77, 78], and a recent Danish study showed the 
benefits of homebased HPV testing especially in western 
immigrants and lower socioeconomic groups [79]. Thus, 
besides spreading the relevance of attending screening 
for these groups of women, we argue that an intensified 
effort including both more frequent and more specially 
designed screening invitations and follow-up reminders 
as well as an expansion of the use of self-sampling kits to 
a wider group of women may contribute to an improved 
screening participation rate among these vulnerable 
women.

In addition to improving the participating rate in 
women within the screening age, another very impor-
tant factor to discuss is when to terminate cervical can-
cer screening. Current Danish cervical cancer screening 
guidelines advice women to stop screening at age 65 if 
they have an adequate prior normal result. However, 
recent findings question the appropriateness of these 
current guidelines [80, 81]. Reporting of CC incidence 
and mortality strongly relies on correction for hysterec-
tomy [21, 82], and failure to do so may cause an under-
estimation of the true CC incidence [82–86], which may 
then mask the effect of preventive strategies. After con-
trolling for hysterectomy, previous data show that CC 
incidence may not decline until at least age 85 [87] with 
the peak incidence seen in women aged 75–79 years [21]. 
Furthermore, older women attending screening are diag-
nosed at earlier stages than non-attending older women 
[88], and marked racial disparities exist in CC diagnoses 
over the age of 65 [89]. This vulnerability in older women 
in regards to developing CC is supported by results from 
the current study showing an increasing risk of high-stage 
disease with increasing age and further for attenders in 
cervical cancer screening, a significantly increased risk 

of getting high-stage disease in women aged 50–64 years 
compared to women aged < 50 years. These findings dem-
onstrate that older women are more vulnerable in terms 
of developing high-stage CC, presumably due to difficul-
ties with the sample-taker accessing the cervix of these 
post-menopausal women. Therefore, it seems that a revi-
sion of the current screening guidelines regarding when 
to terminate screening but not least improved screen-
ing techniques to ensure that viable material is collected 
from women of all ages is warranted.

Conclusions
In spite of preventive strategies, the incidence of CC in 
Denmark has remained stable since year 2000. Here, we 
found that age, social status, and cervical cancer screen-
ing attendance significantly influence the risk of develop-
ing CC. Increasing age carries an increasing risk of CC 
and an increasing risk of having advanced stage disease. 
Additionally, socially disadvantaged women and non-
attenders in cervical cancer screening are highly sus-
ceptible to the disease. These findings emphasize that in 
order to eliminate CC, different initiatives are needed, 
including; (i) specially designed initiatives to improve the 
participating rate in cervical cancer screening including 
e.g. by means of a more widespread use of homebased 
HPV testing, more frequent screening, and more spe-
cially designed screening invitations and, (ii) consider 
a revision of the current screening guidelines regarding 
when to terminate screening, and not least (iii) improved 
screening techniques to ensure that viable material is col-
lected from women of all ages.
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