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ARTICLE INFO ABSTRACT
Keywords: Objective: To analyze the demographic and socioeconomic determinants of non-participation in
Mass screening cervical, colorectal and breast cancer screening programs in Denmark.
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Study design and setting: We conducted a cross-sectional study involving all women aged 53-65
years residing in Denmark on March 31, 2018, utilizing comprehensive individual data from
population registries. Logistic regression models were employed to assess associations between
demographic and socioeconomic factors and non-participation compared with participating in
one, two, and three cancer screening programs, presenting odds ratios (ORs) with 95 % confi-
dence intervals (CIs). Both unadjusted and adjusted models were applied for each level of
screening participation.

Results: Significant associations with non-participation in the three cancer screening programs
were observed across all demographic and socioeconomic covariates considered. Women with
low incomes demonstrated the highest likelihood of non-participation (none vs. three programs
attended, OR: 2.95, 95 % CI: 2.82-3.08). Similarly, increased odds of non-participation were
noted among immigrants (Western immigrants: OR: 2.08, 95 % CI: 1.96-2.21; non-Western im-
migrants OR 1.26 95 % CI: 1.20-1.32), women living alone (OR: 2.08, 95 % CI: 2.02-2.14),
women outside the labor force (OR: 1.92, 95 % CI: 1.86-1.99), and women with lower educa-
tional levels (OR: 1.44, 95 % CL: 1.39-1.50) in the model comparing non-participation to
participating in three screening programs. A progressive intensification of the association with
non-participation was noted with each incremental increase in screening participation (from one
to two to three programs).

Conclusions: Demographic and socioeconomic variables are significantly associated with non-
participation in all three Danish cancer screening programs, particularly affecting women from
vulnerable demographic and socioeconomic backgrounds. Future research should prioritize
strategies to enhance participation within this subgroup, aiming to alleviate social inequities in
cancer screening.
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1. Introduction

Cancer is a leading cause of death with almost two million deaths in 2020 in Europe [1]. In the same year, the incidence of cancer in
Europe was estimated at four million new cases with breast cancer accounting for 530,000 cases and colorectal cancer for 520,000
cases, making them the most common cancers in Europe [2]. Internationally, cancer is characterized by significant disparities so-
cioeconomic morbidity and mortality [3-5].

Since cancer screening contributes to prevention and early detection, population-based screening for breast, colorectal, and cer-
vical cancer has been recommended by the European Union Council since 2003 [6]. For a screening program to be effective, it is
essential to have a high participation rate [7,8]. While some women opt for all three screening offers, others choose to participate in
only one or two programs, and some do not participate at all [9,10]. Two European studies have shown participation rates concurrent
in all three programs ranging from 35 % to 54 %, with 10 %-12.6 % of individuals not participating at all [11,12]. Similarly, Danish
participation rates have been found to be 55 % for all screening programs, and with 7 % not participating in any [10].
Non-participation poses a challenge for healthcare planners. Several studies have sought to identify factors predicting an increased risk
of non-participation in cancer screening programs [9,13-15], and demographic and socioeconomic factors have been identified as
some of the factors associated with non-participation in cancer screening and, consequently, causing disparity in cancer screening [13,
16-20].

However, it has yet to be explored if women not participating in any cancer screening programs constitute a more vulnerable group
with shared demographic and socioeconomic characteristics. In-debt knowledge of this subpopulation could contribute to a more
tailored screening offer. Subsequently, this could have the potential to reduce social inequity in cancer screening and, furthermore,
reduce cancer morbidity and mortality for this population.

In this national register-based cross-sectional study, we identified any shared demographic and socioeconomic profiles of non-
participants in both breast, cervical and colorectal cancer screening programs in Denmark as compared with those participating in
one, two, or three cancer screening programs.

2. Materials and methods
2.1. Setting

Denmark has implemented three organized cancer screening programs; cervical cancer screening, breast cancer screening, and
most recently colorectal cancer screening since 2014.

Women aged 23-64 years are invited to screening for cervical cancer, with the option to schedule an appointment at a general
practitioner. The screening tests for cervical cancer alternate between cytology and HPV testing every three to five years based on the
woman’s age. If a cervical sample is not registered after an invitation, up to two reminders are sent after three and six months,
respectively.

Women aged 50-69 years receive a biennial invitation for a pre-booked mammography. In the event of non-attendance, one
reminder is sent.

Colorectal cancer screening is offered biennially using a Fecal Immunochemical Test (FIT), which is mailed to all residents aged
50-74 years along with a prepaid return envelope. A reminder is sent if a fecal sample is not registered within 45 days after the
invitation.

All three programs operate under a call-recall invitation strategy, and all residents are invited when in the screening-eligible age
based on population registers [21]. The programs are administered by the five Danish regions, who ensure timely invitations and
reminders for residents overdue for screening.

The Danish healthcare system is mainly financed through taxes, and this includes cancer screening, subsequent diagnostics and
potential treatment. Residents receive invitations, reminders and test results through secure, digital mail, which all residents are
obliged to have (exemptions are provided) [21].

2.2. Design and study population

The study was a national cross-sectional study based on extensive register data on the Danish population. As previously reported
[10], the study population consisted of 468,507 women aged 53-64 years living in Denmark on March 31, 2018 and with continuous
residency in Denmark since April 1, 2012. Women with a prior diagnosis of cervical, breast, or colorectal cancer, or those who had
undergone a hysterectomy, were excluded, as they were not considered eligible in all three screening programs. Women were
considered participants in each screening program if they had undergone at least one mammography, cervical sample, or FIT between
April 1, 2012 and March 31, 2018. Based on this, the study population was categorized as participating in none, one, two, or all three
cancer screening programs.

2.3. Data sources

All Danish residents receive a unique civil registration (CPR) number at birth or upon immigration, which can be used as an
individual-level data linkage [21]. The population was identified using the Civil Registration System, which contains migration and
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vital status records for the entire Danish population since 1968 [22].

As described elsewhere [10], information on participation in breast cancer screening was obtained from the Danish Breast Cancer
Screening Database. Participation data for cervical cancer screening was obtained from the Danish Pathology Registry, and partici-
pation data for colorectal cancer screening was obtained from the Danish Colorectal Cancer Screening Database.

Information on hysterectomy was collected from the Danish National Patient Registry, and information on cancer cases was
retrieved from the Danish Pathology Registry [23].

Demographic and socioeconomic data were obtained from Statistics Denmark [24]. Ethnicity was categorized based on Statistics
Denmark’s classification by country of origin into three groups: Danish, Western (including countries within the European Union,
Andorra, Australia, Canada, Iceland, Liechtenstein, Monaco, New Zealand, Norway, San Marino, Switzerland and the USA), and
non-Western (others). Marital status was categorized as either living alone or cohabitating (including being married, living in a
registered partnership, and cohabitating). Occupation was classified into three groups: part of the labor force, outside the labor force
(including unemployment, receiving benefits, welfare recipients, early retirement pensioners, and those with no category), and retired
(due to age). Household income was categorized according to the Organization for Economic Co-operation and Development
(OECD)-modified equivalence scale, based on tertiles and rounded off to the nearest 1000 Euros. Highest educational attainment was
classified according to the United Nations Educational, Scientific and Cultural Organization’s (UNESCO) classifications as low (<10
years), middle (11-15 years), or high (>15 years). All demographic and socioeconomic data were collected at an individual level.

2.4. Statistical analysis

Demographic and socioeconomic characteristics were summarized using descriptive statistics (numbers and proportions) and
differences were tested using Pearson’s chi-squared test. Odds ratios (ORs) with 95 % confidence intervals (CIs) were calculated using
logistic regression to estimate the associations between demographic and socioeconomic factors and non-participation, comparing
non-participation with participation in one, two, or three programs. Initially, an unadjusted analysis was performed for each de-
mographic and socioeconomic factor. Subsequently, an adjusted analysis was conducted that included all the independent variables.

As sensitivity analyses, stratified analyses were performed for each independent variable to assess the significance of potential
interactions in the adjusted model, which compared non-participation with participation in the three programs.

Missing data were not considered in the analysis due to their limited presence within the dataset.

All tests were two-sided and P-values <0.05 were considered statistically significant. Statistical analyses were conducted using
STATA V.17.

2.5. Ethics approval

The study was listed in the record of processing activities for research projects in the Central Denmark Region (R. No.: 1-16-02-217-
21). According to Danish Legislation, notification of register-based research project to the research committee is not required. Hence,
this study may be conducted without an approval from ethics committees.

Study population

N=468,507
Previous cancer
" n=13,567
"l Hysterectomy
\ 4 n=37,361
Eligible in all three
programs
n=417,579
Y Y A
Participation Participation Participation Participation
in 0/3 in1/3 in 2/3 in 3/3
n=31,692 n=44,020 n=94,602 n=247,265

Fig. 1. Flowchart of the study population. *Previous cancer: cervical cancer, breast cancer, and colorectal cancer.
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3. Results

A flowchart of the population is presented in Fig. 1. Out of the initial 468,507 women included, 13,567 were excluded due to a
history of previous breast, cervical, or colorectal cancer, and 37,361 women were excluded due to hysterectomy. Among the 417,579
women eligible for all three screening programs, 59.2 % (n = 247,265) had participated in all three, 22.7 % (n = 94,602) in two, 10.5
% (n = 44,020) in one, and 7.6 % (n = 31,692) in none of the cancer screening programs.

Characteristics of the included population are detailed in Table 1. Statistically significant differences were observed for all de-
mographic and socioeconomic covariates. Missing data were more frequent in the group of non-participants, while no socioeconomic
variables were missing for those participating in three programs, except for educational data.

The unadjusted and the adjusted ORs for non-participation, compared with participating in one, two, or three programs, are
presented in Table 2. Following adjustment, the OR for non-participation increased with age across each level of participation.

Immigrants were more likely not to participate in cancer screenings, with a progressively increasing likelihood of non-participation
across higher levels of participation. The ORs for Western immigrants were 1.44 (0 vs. 1, 95 % CI:1.34-1.55), 1.83 (0 vs. 2, 95 % CI:
1.71-1.96), and 2.08 (0 vs. 3, 95 % CI: 1.96-2.21), compared with ethnic Danes. For non-Western immigrants, the ORs for non-
participation were 1.07 (0 vs. 1, 95 % CI: 1.01-1.13), 1.10 (0 vs. 2, 95 % CI: 1.04-1.16), and 1.26 (0 vs. 3, 95 % CI: 1.20-1.32).

Living alone, compared with cohabitating, was associated with increased odds of non-participation across all levels of participa-
tion, progressing from attending one to three programs (0 vs. 1, OR: 1.25, 95 % CI: 1.21-1.29; 0 vs. 2, OR: 1.58, 95 % CI: 1.53-1.62;
0 vs. 3, OR: 2.08, 95 % CI: 2.02-2.14). In terms of occupation, being outside the labor force was negatively associated with screening
participation. The ORs for non-participation were as follows: 1.24 (0 vs. 1, 95 % CI: 1.19-1.29), 1.48 (0 vs. 2, 95 % CI: 1.43-1.53), and
1.92 (0 vs. 3, 95 % CI: 1.86-1.99).

Women with less than 11 years of education were more likely to be non-participants, compared to those who had more than 15
years of education. The ORs for non-participation were: 1.12 (0 vs. 1, 95 % CI: 1.08-1.17), 1.32 (0 vs. 2, 95 % CI: 1.27-1.389, and 1.44
(0 vs. 3,95 % CI: 1.39-1.50). Women with 11-15 years of education exhibited an increased likelihood of participating, with an OR of

Table 1
Demographic and socioeconomic characteristics of the study population by participation in cancer screening programs.
0/3 n = 31,692 1/3 n = 44,020 2/3 n = 94,602 3/3 n = 247,265 P-value®
n % n % n % n %
Age (years)
Median in years 59.7y 589y 58.7y 59.1y <0.01
53-55 6909 21.8 % 11,812 26.8 % 26,743 28.3 % 64,473 26.1 %
56-60 11,137 35.1 % 16,942 38.5% 36,941 39.1 % 94,539 38.2%
61-65 13,646 43.1 % 15,266 34.7 % 30,918 32.7 % 88,253 35.7 %
Ethnicity
Danish 25,622 80.9 % 38,516 87.5% 85,501 90.4 % 230,687 93.3 % <0.01
Western immigrants 1654 5.2% 1706 3.9% 2839 3.0% 6114 2.5%
Non-Western immigrants 2861 9.0 % 3551 8.1 % >6255" 6.6 % 10,464 4.2 %
Missing 1555 4.9 % 247 0.6 % <5" 0% 0 0 %
Marital status
Cohabitating® 13,952 44.0 % 24,529 55.7 % 61,740 65.3 % 184,367 74.6 % <0.01
Living alone 16,185 51.1 % 19,244 43.7 % >32,855" 34.7 % 62,898 25.4 %
Missing 1555 4.9 % 247 0.6 % <5" 0% 0 0 %
Income’
High tertile 4241 13.4 % 9481 21.5% 28,458 30.1 % 94,232 38.1 % <0.01
Middle tertile 7614 24.0 % 13,305 30.2% 31,347 33.1% 88,171 35.7 %
Low tertile 18,282 57.7 % 20,987 47.7 % >34,790h 36.8 % 64,862 26.2 %
Missing 1555 4.9 % 247 0.6 % <5" 0% 0 0 %
Occupation
Part of the labor force 13,295 42.0 % 23,923 54.4 % 59,592 63.0 % 169,509 68.6 % <0.01
Outside the labor force® 13,611 43.0 % 14,973 34.0 % 24,271 25.7 % 42,348 17.1 %
Retired 4010 12.7 % 4972 11.3 % 10,739 11.4 % 35,408 14.3 %
Missing 776 25% 152 0.4 % 0 0 % 0 0%
Education’
High (>15 years) 7392 23.3% 11,667 26.5 % 28,932 30.6 % 80,114 324 % <0.01
Middle (11-15 years) 11,552 36.5 % 17,866 40.6 % 40,842 43.2% 113,737 46.0 %
Low (<10 years) 11,075 35.0 % 13,060 29.7 % 23,069 24.4% 50,921 20.6 %
Missing 1673 5.3% 1427 3.2% 1759 1.9% 2493 1.0 %

Abbreviations: y, years.
@ Tested by Pearson chi-squared test.
b Exact numbers are not given in pursuance of Danish data protection legislation.
¢ Cohabitating includes: being married, living in a registered partnership, and cohabitating.
4 Household income according to the Organization for Economic Co-operation and Development (OECD)-modified equivalence scale. Based on
tertiles and rounded off to the nearest 1000 Euros. High tertile: >49.000 Euros, middle tertile: 33.000-49.000 Euros, low tertile: <33.000 Euros.
¢ Outside the labor force include: unemployment, receiving benefits, welfare recipients, early retirement pensioners, and those with no category.
f Education according to the classification of United Nations Educational, Scientific and Cultural Organization.
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Table 2
Unadjusted and adjusted odds ratios with 95 % confidence intervals for association between demographic and socioeconomic variables and non-
participation versus participation in one, two, or three cancer screening programs.

0 vs. 1 screenings attended 0 vs. 2 screenings attended 0 vs. 3 screenings attended

Crude OR (95 % Adjusted OR (95%  Crude OR (95 % Adjusted OR (95%  Crude OR (95 % Adjusted OR (95 %

(@) (6] (@) (6] CI) (@)]

Age (years)
53-55 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)
56-60 1.12 (1.08-1.17) 1.10 (1.06-1.14) 1.17 (1.13-1.21) 1.11 (1.07-1.15) 1.10 (1.07-1.13) 1.03 (0.99-1.06)
61-65 1.53 (1.47-1.59) 1.33 (1.27-1.39) 1.71 (1.65-1.77) 1.40 (1.34-1.45) 1.44 (1.40-1.49) 1.19 (1.15-1.23)
Ethnicity
Danish 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Western immigrants 1.46 (1.36-1.56) 1.44 (1.34-1.55) 1.94 (1.83-2.07) 1.83 (1.71-1.96) 2.44 (2.30-2.58) 2.08 (1.96-2.21)
Non-Western 1.21 (1.15-1.28) 1.07 (1.01-1.13) 1.53 (1.46-1.60) 1.10 (1.04-1.16) 2.46 (2.36-2.57) 1.26 (1.20-1.32)

immigrants
Marital status
Cohabitating” 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Living alone 1.48 (1.44-1.52) 1.25 (1.21-1.29) 2.18 (2.12-2.24) 1.58 (1.53-1.62) 3.40 (3.32-3.48) 2.08 (2.02-2.14)
Income”
High tertile 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Middle tertile 1.28 (1.22-1.34) 1.16 (1.11-1.22) 1.63 (1.56-1.70) 1.35(1.29-1.41) 1.92 (1.85-1.99) 1.49 (1.43-1.55)
Low tertile 1.95 (1.87-2.03) 1.46 (1.39-1.54) 3.53 (3.40-3.66) 2.03 (1.94-2.13) 6.26 (6.05-6.48) 2.95 (2.82-3.08)
Occupation
Part of the labor force 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Outside the labor 1.64 (1.59-1.69) 1.24 (1.19-1.29) 2.51 (2.44-2.59) 1.48 (1.43-1.53) 4.10 (3.99-4.21) 1.92 (1.86-1.99)

force®
Retired 1.45 (1.39-1.52) 1.03 (0.97-1.09) 1.67 (1.61-1.74) 0.99 (0.94-1.04) 1.44 (1.39-1.50) 0.81 (0.77-0.84)
Education®
High (>15 years) 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Middle (11-15 years) 1.02 (0.98-1.06) 0.97 (0.93-1.01) 1.11 (1.07-1.14) 0.99 (0.95-1.02) 1.10 (1.07-1.13) 0.92 (0.89-0.96)
Low (<10 years) 1.34 (1.29-1.39) 1.12 (1.08-1.17) 1.88 (1.82-1.94) 1.32 (1.27-1.38) 2.36 (2.28-2.43) 1.44 (1.39-1.50)

Abbreviations: OR, odds ratio; CI, confidence intervals; ref, reference.
The adjusted model included age, ethnicity, marital status, income, occupation, and education.
@ Cohabitating includes: being married, living in a registered partnership, and cohabitating.
> Household income according to the Organization for Economic Co-operation and Development (OECD)-modified equivalence scale. Based on
tertiles and rounded off to the nearest 1000 Euros. High tertile: >49.000 Euros, middle tertile: 33.000-49.000 Euros, low tertile: <33.000 Euros.
¢ Outside the labor force include: unemployment, receiving benefits, welfare recipients, early retirement pensioners, and those with no categor
4 Education according to the classification of United Nations Educational, Scientific and Cultural Organization (UNESCO).

0.92 (0 vs. 3, 95 % CI: 0.89-0.96). The ORs comparing participation in one and two screenings to none were non-significant for this
education group: 0.97 (0 vs. 1, 95 % CI: 0.93-1.01) and 0.99 (0 vs. 2, 95 % CI: 0.95-1.02). Income was inversely associated with non-
participation; lower income levels were linked to increased odds of non-participation across all levels of screening attendance.
Additionally, these odds increased when comparing higher numbers of screenings attended to non-participation (0 vs. 1, middle tertile
OR: 1.16, 95 % CI: 1.11-1.22, low tertile OR: 1.46, 95 % CIL: 1.39-1.54; 0 vs. 2, middle tertile OR 1.35, 95 % CI: 1.29-1.41, low tertile
OR: 2.03, 95 % CI: 1.94-2.13; 0 vs. 3, middle tertile OR: 1.49, 95 % CI: 1.43-1.55, low tertile OR: 2.95, 95 % CI: 2.82-3.08).
Sensitivity analyses stratified by age group, ethnicity, marital status, income, occupation, and education did not alter the observed
patterns in the ORs for complete non-participation when comparing none to three screenings attended (Supplemental material).

4. Discussion
4.1. Main findings

In this nationwide register-based cross-sectional study, differences in the odds of non-participation were observed across all de-
mographic and socioeconomic subgroups. Notably, immigrants, women living alone, women with lower disposable incomes, those
outside the labor force, and less educated women exhibited a progressive increase in the odds of non-participation as the number of
screenings attended increased. These findings indicate growing socioeconomic disparities among those who do not engage in cancer
screenings.

4.2. Strengths and limitations

An important strength of the study is our access to nationwide data, facilitating the linkage of the CPR number with high-validity
and high-quality registry data [21]. The use of national registries enables the conduction of large-scale studies that integrate individual
data, eliminating reliance on self-reported information and minimizing missing data. Consequently, the potential for selection and
information bias is reduced. However, data on sociodemographic variables are updated only annually. For our analysis, we utilized
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data spanning from 2016 to 2018, favoring the most recently available information for each individual. Nevertheless, sociodemo-
graphic factors such as marital status and income can be dynamic, potentially leading to misclassification.

Interactions among the sociodemographic variables may influence the accuracy of the estimates. However, it is important to
highlight that the primary aim was to analyze the social component among women who did not participate in all three screening
programs, rather than the effect of each variable independently. Further, sensitivity analyses demonstrated only minor changes in the
patterns of the ORs for non-participation, suggesting the adjusted model was robust.

We cannot rule out potential implications from residual confounding, given that factors beyond demographic and socioeconomic
variables have demonstrated associations with cancer screening participation. This study lacked access to data on lifestyle factors,
healthcare utilization (e.g., severe comorbidities and medication use), level of health literacy, and psychological factors. These var-
iables could contribute to the observed disparities in participation among different demographic and socioeconomic groups [25-29].

4.3. Comparison with other studies

Existing studies have primarily focused on each cancer screening program independently and its association with demographic and
socioeconomic factors. One exception is a recent Dutch study [12] that closely resembles the population and health system in
Denmark. Variables included in the Dutch study are the population density of the place of residence and the median annual household
income of the postal code area of residence. Our study contributes to the existing literature by incorporating multiple individual-level
covariates and by analyzing variations across different levels of participation. This approach allows for a comprehensive depiction of
demographic and socioeconomic distinctions between non-participants and those with progressively higher levels of screening
participation.

In line with both national and international studies from each of the separate programs, non-native women exhibited higher odds of
non-participation compared to native women [16,19,30,31]. The reasons for this may vary between Western and non-Western immi-
grants. While most Western immigrants in Denmark originate from nations with largely comparable healthcare services, culture and
socioeconomic development, their participation rates in screening are lower. This may be due to continued reliance on healthcare ser-
vices in their home countries, but due to the unavailability of health data from countries other than Denmark, we cannot validate or refute
this hypothesis. This could be of key interest in future research. Conversely, the lower participation rates among non-Western immigrants
are often attributed, among other factors, to language barriers, limited awareness and knowledge, and cultural differences [31].

However, after adjustment, the association for non-Western immigrants substantially decreased when comparing non-participation
to attending two and three screenings. Furthermore, non-Western immigrants were found to be less prone to non-participation
compared to Western immigrants. This observation may suggest that social determinants play a more prominent role in influencing
non-participation in cancer screening than ethnicity for non-Western immigrants. Women were included in our study only if they had
resided continuously in Denmark for a minimum of six years, providing time for adaption and understanding of the Danish health
system.

Previous research has indicated that immigrants, particularly non-Western individuals, exhibit a lower baseline risk of cancer,
including cervical, colorectal and breast cancer [32,33]. However, this risk tends to align with that of the host population over time
spent in the new country [34], although the exact length of stay was not available in our dataset.

Living alone was associated with increased odds of non-participation, consistent with the findings in previous studies [16,19,20,
271, encompassing colorectal, cervical and breast cancer screening separately. Possible explanations could include a lack of support
and decision-making assistance from a partner, or a perception of reduced accountability to a partner [35,36].

A socioeconomic gradient has been firmly established across cancer screening programs, as noted in a review by Young and Robb
[25]. Consistent with other European studies examining non-participation in each program, our results demonstrated an elevated
likelihood of non-participation for women currently outside the labor force [19,20], women with an education of 10 years or less [19,
20,271, and as income declines [17,19,36,37]. Furthermore, with each increment in screening participation, the association with
non-participation intensifies. All three cancer screening programs in Denmark are provided free of charge, hence factors other than
financial considerations must contribute to non-participation. The Danish system provides practically complete invitation coverage in
all three cancer screening programs, and private options and opportunistic screenings are not readily accessible for breast cancer or
colorectal cancer.

Women with the highest levels of education were slightly more likely to be non-participants than women with intermediate-level
education, indicating a U-shaped association, as also previously reported [17,20,38]. However, the association was only statistically
significant when comparing none to three screenings attended. Our criteria for being in the high-education group were more stringent
than in many other studies that demonstrated a linear correlation between the length of education and participation, which may
explain the differing findings [19,27]. The reasons for non-participation among highly educated women may differ from those among
less educated. Women with shorter education may face challenges related to e.g. health literacy levels [39]. Conversely, it has been
suggested that well-educated women in leadership positions may be making a more deliberate choice not to participate in cancer
screening due to ongoing debates regarding its benefits and harms [16,17,38]. Another reason could be a heavier workload and
reluctance to take time off for a mammography appointment and general practitioner visit for cervical cancer screening. This aspect
may partly explain why retired women had lower odds of complete non-participation compared with employed women, in alignment
with findings in other studies [17,40]. However, this explanation does not apply to self-sampled colorectal cancer screening.

As different socioeconomic groups may have distinct ways of engaging in health prevention, research into what happens in the
interaction between resident and the healthcare system is needed to address the inequities shown in this study. Prioritizing in-
terventions aimed at socioeconomically vulnerable groups holds significant potential for reducing inequity across Danish cancer
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screening programs.
5. Conclusions

While our findings align with those from previous studies that focused on individual programs, our study adds value by providing a
more nuanced understanding of the complex interplay of factors influencing non-participation in multiple cancer screening programs.
The direction of the associations mirrors those observed within each program independently, but our findings reveal a clear gradient
when comparing non-participants to those participating in one, two, and three programs, with disparities increasing at each level. This
underscores the necessity of approaches to address participation barriers across diverse screening context for socioeconomic
vulnerable groups.

Data availability

In compliance with Danish data privacy regulations, the datasets generated and analyzed in this project are not publicly available
and are restricted to pre-approved researchers at Statistics Denmark. Access to the data may be granted upon submission of a
reasonable scientific proposal to Statistics Denmark, limited to the scope of the current project and solely for scientific purposes.

Funding
No external funding was received for this study.
CRediT authorship contribution statement

Anne Dorte Lerche Helgestad: Writing — review & editing, Writing — original draft, Methodology, Formal analysis, Data curation,
Conceptualization. Berit Andersen: Writing — review & editing, Supervision, Methodology, Conceptualization. Sisse Helle Njor:
Writing — review & editing, Methodology, Formal analysis. Mette Bach Larsen: Writing — review & editing, Supervision, Methodology,
Data curation, Conceptualization.

Declaration of competing interest
None.
Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.org/10.1016/j.heliyon.2024.e31163.

References

[1] H. Sung, J. Ferlay, R.L. Siegel, M. Laversanne, 1. Soerjomataram, A. Jemal, F. Bray, Global cancer statistics 2020: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries, CA A Cancer J. Clin. 71 (3) (2021) 209-249.
[2] T.Dyba, G. Randi, F. Bray, C. Martos, F. Giusti, N. Nicholson, et al., The European cancer burden in 2020: incidence and mortality estimates for 40 countries and
25 major cancers, Eur. J. Cancer 157 (2021) 308-347.
[3] T.Z. Minas, M. Kiely, A. Ajao, S. Ambs, An overview of cancer health disparities: new approaches and insights and why they matter, Carcinogenesis 42 (1)
(2021) 2-13.
S. Vaccarella, D. Georges, F. Bray, O. Ginsburg, H. Charvat, P. Martikainen, et al., Socioeconomic inequalities in cancer mortality between and within countries
in Europe: a population-based study, Lancet Reg Health Eur 25 (2023) 100551.
[5] G. Ammitzbgll, A.K.G. Levinsen, T.K. Kjer, F.E. Ebbestad, T.A. Horsbgl, L. Saltbzk, et al., Socioeconomic inequality in cancer in the Nordic countries. A
systematic review, Acta Oncol. 61 (11) (2022) 1317-1331.
[6] Cancer Screening in the European Union, Report on the implementation of the Council Recommendation on cancer screening, in: International Agency for
Research on Cancer, Screening Group, 2017 [Available from: https://ec.europa.eu/health/sites/health/files/major_chronic_diseases/docs/2017_
cancerscreening_2ndreportimplementation_en.pdf.
[7] D.P. Weller, C. Campbell, Uptake in cancer screening programmes: a priority in cancer control, Br. J. Cancer 101 (Suppl 2) (2009) S55-S59. Suppl 2.
[8] E.A. Burger, J.J. Kim, The value of improving failures within a cervical cancer screening program: an example from Norway, Int. J. Cancer 135 (8) (2014)
1931-1939.
S. Dawidowicz, J. Le Breton, L. Moscova, V. Renard, S. Bercier, Z. Brixi, et al., Predictive factors for non-participation or partial participation in breast, cervical
and colorectal cancer screening programmesdagger, Fam. Pract. 37 (1) (2020) 15-24.
[10] S.H. Njor, B. Sgborg, M. Tranberg, M. Rebolj, Concurrent participation in breast, cervical, and colorectal cancer screening programmes in Denmark: a
nationwide registry-based study, Prev. Med. 167 (2023) 107405.

[11] M. Rebolj, D. Parmar, R. Maroni, O. Blyuss, S.W. Duffy, Concurrent participation in screening for cervical, breast, and bowel cancer in England, J. Med. Screen
27 (1) (2020) 9-17.

[12] L.M. Kregting, E.M.G. Olthof, E.C.H. Breekveldt, C.A. Aitken, E.A.M. Heijnsdijk, E. Toes-Zoutendijk, et al., Concurrent participation in breast, cervical, and
colorectal cancer screening in The Netherlands, Eur. J. Cancer 175 (2022) 180-186.

[13] H. Bozhar, M. McKee, T. Spadea, P. Veerus, S. Heinavaara, A. Anttila, et al., Socio-economic inequality of utilization of cancer testing in Europe: a cross-sectional
study, Prev Med Rep 26 (2022) 101733.

[4

=

[9

[}


https://doi.org/10.1016/j.heliyon.2024.e31163
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref1
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref1
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref2
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref2
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref3
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref3
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref4
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref4
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref5
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref5
https://ec.europa.eu/health/sites/health/files/major_chronic_diseases/docs/2017_cancerscreening_2ndreportimplementation_en.pdf
https://ec.europa.eu/health/sites/health/files/major_chronic_diseases/docs/2017_cancerscreening_2ndreportimplementation_en.pdf
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref7
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref8
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref8
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref9
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref9
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref10
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref10
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref11
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref11
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref12
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref12
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref13
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref13

A.D.L. Helgestad et al.

[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]
[34]
[35]
[36]
[37]
[38]
[39]

[40]

Heliyon 10 (2024) 31163

K. Ishii, T. Tabuchi, H. Iso, Combined patterns of participation in cervical, breast, and colorectal cancer screenings and factors for non-participation in each
screening among women in Japan, Prev. Med. 150 (2021) 106627.

C. McCowan, P. McSkimming, R. Papworth, M. Kotzur, A. McConnachie, S. Macdonald, et al., Comparing uptake across breast, cervical and bowel screening at
an individual level: a retrospective cohort study, Br. J. Cancer 121 (8) (2019) 710-714.

R. Mottram, W.L. Knerr, D. Gallacher, H. Fraser, L. Al-Khudairy, A. Ayorinde, et al., Factors associated with attendance at screening for breast cancer: a
systematic review and meta-analysis, BMJ Open 11 (11) (2021) e046660.

M.B. Larsen, E.M. Mikkelsen, M. Rasmussen, L. Friis-Hansen, A.U. Ovesen, H.B. Rahr, B. Andersen, Sociodemographic characteristics of nonparticipants in the
Danish colorectal cancer screening program: a nationwide cross-sectional study, Clin. Epidemiol. 9 (2017) 345-354.

Y. Gorina, N. Elgaddal, Patterns of mammography, pap smear, and colorectal cancer screening services among women aged 45 and over, Natl Health Stat Report
157 (2021) 1-18.

G. Broberg, J. Wang, A.L. Ostberg, A. Adolfsson, S. Nemes, P. Sparen, B. Strander, Socio-economic and demographic determinants affecting participation in the
Swedish cervical screening program: a population-based case-control study, PLoS One 13 (1) (2018) e0190171.

E. Botteri, G. Hoff, K.R. Randel, O. Holme, T. de Lange, T. Bernklev, et al., Characteristics of nonparticipants in a randomised colorectal cancer screening trial
comparing sigmoidoscopy and faecal immunochemical testing, Int. J. Cancer 151 (3) (2022) 361-371.

M. Schmidt, S.A.J. Schmidt, K. Adelborg, J. Sundboll, K. Laugesen, V. Ehrenstein, H.T. Sorensen, The Danish health care system and epidemiological research:
from health care contacts to database records, Clin. Epidemiol. 11 (2019) 563-591.

M. Schmidt, L. Pedersen, H.T. Sorensen, The Danish civil registration system as a tool in epidemiology, Eur. J. Epidemiol. 29 (8) (2014) 541-549.

B. Bjerregaard, O.B. Larsen, The Danish Pathology register, Scand. J. Publ. Health 39 (7 Suppl) (2011) 72-74.

The division of research services. [Available in English] Accessed December 2022 [Internet]. Available from: https://www.dst.dk/da.

B. Young, K.A. Robb, Understanding patient factors to increase uptake of cancer screening: a review, Future Oncol. 17 (28) (2021) 3757-3775.

M. Vahabi, A.K. Lofters, A. Kopp, R.H. Glazier, Correlates of non-adherence to breast, cervical, and colorectal cancer screening among screen-eligible women: a
population-based cohort study in Ontario, Canada, Cancer Causes Control 32 (2) (2021) 147-155.

E. Harder, K.E. Juul, S.M. Jensen, L.T. Thomsen, K. Frederiksen, S.K. Kjaer, Factors associated with non-participation in cervical cancer screening - a nationwide
study of nearly half a million women in Denmark, Prev. Med. 111 (2018) 94-100.

M. Satoh, N. Sato, Relationship of attitudes toward uncertainty and preventive health behaviors with breast cancer screening participation, BMC Wom. Health
21 (1) (2021) 171.

V. Baccolini, C. Isonne, C. Salerno, M. Giffi, G. Migliara, E. Mazzalai, et al., The association between adherence to cancer screening programs and health literacy:
a systematic review and meta-analysis, Prev. Med. 155 (2022) 106927.

M.K. Leinonen, S. Campbell, O. Klungsoyr, S. Lonnberg, B.T. Hansen, M. Nygard, Personal and provider level factors influence participation to cervical cancer
screening: a retrospective register-based study of 1.3 million women in Norway, Prev. Med. 94 (2017) 31-39.

S. Badre-Esfahani, M.B. Larsen, L. Seibaek, L.K. Petersen, J. Blaakaer, B. Andersen, Low attendance by non-native women to human papillomavirus vaccination
and cervical cancer screening - a Danish nationwide register-based cohort study, Prev Med Rep 19 (2020) 101106.

M. Norredam, A. Krasnik, C. Pipper, N. Keiding, Cancer incidence among 1st generation migrants compared to native Danes-a retrospective cohort study, Eur. J.
Cancer 43 (18) (2007) 2717-2721.

K.V. Hjerkind, LK. Larsen, S. Aaserud, B. Mgller, G. Ursin, Cancer incidence in non-immigrants and immigrants in Norway, Acta Oncol. 59 (11) (2020)
1275-1283.

M. Lamminmaki, A. Leivonen, S. Heindvaara, M. Nygérd, G. Ursin, S. Campbell, et al., A population-based cohort study on changes in breast, lung and colorectal
cancer incidence and mortality among non-Western immigrant women, BMC Cancer 23 (1) (2023) 665.

F. Vallone, D. Lemmo, M.L. Martino, A.R. Donizzetti, M.F. Freda, F. Palumbo, et al., Factors promoting breast, cervical and colorectal cancer screenings
participation: a systematic review, Psycho Oncol. 9 (2022) 1435-1447.

M. Lagerlund, A. Akesson, S. Zackrisson, Population-based mammography screening attendance in Sweden 2017-2018: a cross-sectional register study to assess
the impact of sociodemographic factors, Breast 59 (2021) 16-26.

U. Deding, A.S. Henig, A. Salling, C. Torp-Pedersen, H. Boggild, Sociodemographic predictors of participation in colorectal cancer screening, Int. J. Colorectal
Dis. 32 (8) (2017) 1117-1124.

L.F. Jensen, A.F. Pedersen, B. Andersen, P. Vedsted, Identifying specific non-attending groups in breast cancer screening—population-based registry study of
participation and socio-demography, BMC Cancer 12 (2012) 518.

S.K. Smith, J.M. Simpson, L.J. Trevena, K.J. McCaffery, Factors associated with informed decisions and participation in bowel cancer screening among adults
with lower education and literacy, Med. Decis. Making 34 (6) (2014) 756-772.

S. Hoeck, W. van de Veerdonk, I. De Brabander, E. Kellen, Does the Flemish colorectal cancer screening programme reach equity in FIT uptake? Eur. J. Publ.
Health 29 (6) (2019) 1108-1114.


http://refhub.elsevier.com/S2405-8440(24)07194-9/sref14
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref14
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref15
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref15
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref16
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref16
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref17
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref17
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref18
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref18
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref19
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref19
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref20
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref20
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref21
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref21
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref22
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref23
https://www.dst.dk/da
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref25
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref26
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref26
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref27
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref27
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref28
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref28
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref29
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref29
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref30
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref30
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref31
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref31
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref32
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref32
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref33
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref33
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref34
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref34
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref35
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref35
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref36
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref36
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref37
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref37
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref38
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref38
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref39
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref39
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref40
http://refhub.elsevier.com/S2405-8440(24)07194-9/sref40

	The association of demographic and socioeconomic variables with cancer screening participation: A national cross-sectional  ...
	1 Introduction
	2 Materials and methods
	2.1 Setting
	2.2 Design and study population
	2.3 Data sources
	2.4 Statistical analysis
	2.5 Ethics approval

	3 Results
	4 Discussion
	4.1 Main findings
	4.2 Strengths and limitations
	4.3 Comparison with other studies

	5 Conclusions
	Data availability
	Funding
	CRediT authorship contribution statement
	Declaration of competing interest
	Appendix A Supplementary data
	References


