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ABSTRACT 

Background: Attendance to routine cancer screening at repeated intervals is 

essential for reducing morbidity and mortality of targeted cancers, yet currently-

defined quality-assurance metrics evaluate coverage within a defined period of time 

(e.g. 3.5 years).  

Methods: We developed a longitudinal adherence metric that captures attendance 

to cancer screening at repeated intervals, and applied the metric to population-based 

data from the Cancer Registry of Norway that captures two decades of organised 

screening, including all screening tests and cervical cancer diagnoses for women 

living in Norway at any time during years 1992-2013 and eligible for at least two 

screening rounds (1 round=3.5 years, N=1, 391,812). For each woman, we 

calculated the proportion of eligible screening rounds with at least one registered 

cytology test, and categorised women into one of five longitudinal adherence 

categories: never-screeners, severe under-screeners, moderate under-screeners, 

guidelines-based screeners, and over-screeners. For each category, we evaluated 

cancer outcomes such as cancer stage at diagnosis. 

Results: Only 46% of screen-eligible women were consistently screened at least 

once every 3.5 years, and the majority of these were over-screened. In contrast, 29% 

were moderately under-screened, 17% were severely under-screened, and 8% had 

never attended screening. Screening behaviour was associated with cancer 

outcomes; for example, the proportion of cancers diagnosed at Stage I increased 

from 21% among never-screeners to 70% among over-screeners.  

Conclusion: The longitudinal adherence metric evaluates screening performance as 

a succession of screening episodes, reflecting both guidelines and the fundamental 
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principles of screening, and may be a valuable addition to existing performance 

indicators.  

 

Key words: Mass screening, cervical cancer, guideline adherence, quality 

assurance 
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INTRODUCTION 

Routine cytology-based screening has contributed to reducing cervical cancer (CC) 

incidence and mortality worldwide (1, 2). Adherence to screening guidelines is 

considered one of the most important factors for screening effectiveness and 

efficiency (3-6), and the European guidelines for quality assurance of CC screening 

have recognized screening coverage as a key performance indicator (4). The current 

adherence metric is calculated as the proportion of women in screening target age 

who received at least one screening test within a defined period of time. For example, 

in Norway, 67% of screen-eligible women have attended screening within the last 3.5 

years (7). Similar metrics are used to evaluate screening performance in the United 

Kingdom and other European countries (8). However, due to the low sensitivity of a 

single cytology-based screen, the effectiveness of a screening programme relies on 

attendance at repeated intervals (9, 10). Moreover, efforts to improve participation 

are emerging with limited information about which individuals to target. Although the 

European guidelines encourage evaluating coverage over longer follow-up periods 

(4), to our knowledge, there is no methodological framework for screening metrics 

that can identify different patterns of adherence (e.g. under- and over-screening) and 

screening behaviour over more than one screening round. 

We developed a longitudinal adherence metric that evaluates repeated 

attendance to cancer screening over recommended intervals, and applied the metric 

to population-based registry-data that captures two decades of organised CC 

screening in Norway.  
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METHODS 

The longitudinal adherence metric 

We defined a longitudinal adherence metric by identifying and/or evaluating the 

following components: 1) Observation period (e.g. based on available data), 2) 

relevant screening interval length to define a single “round” of screening, 3) relevant 

study population, 4) classification of screening and cancer variables, 5) the 

observation time and number of eligible screening rounds for each individual, 6) a 

longitudinal adherence score, calculated as the proportion of attended screening 

rounds (i.e., a screening round with at least one registered cytology test) out of the 

total number of eligible screening rounds, and 7) longitudinal adherence score cut-off 

values to specify the relevant longitudinal adherence categories.  

 

Application to cervical cancer screening in Norway 

Study setting 

Since 1995, the Norwegian Cervical Cancer Screening Programme reminds women 

aged 25 to 69 years to attend cytology-based screening every three years. The 

Cancer Registry of Norway (CRN) is responsible for managing, monitoring and 

refining the programme (7). The CRN databases include information on the 

morphology of all cytology tests performed since 1992, with no distinction of 

indication (i.e. “opportunistic” or “organised”). CC diagnoses (by stage and 

morphology) are available since 1953. The cancer database is considered nearly 

100% complete due to statutory and systematic reporting of results by all pathology 

laboratories in Norway, and continuous monitoring of received data (11). All 
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Norwegian citizens have a unique personal identification number, allowing individual 

data linkage across registries. 

 

Study population 

We evaluated longitudinal adherence to the Norwegian Cervical Cancer Screening 

Program from January 1st 1992 (initiation of the pilot screening programme and 

nationwide registration of screening tests) until December 31st 2013. In order to 

capture variation in the timing of cytology tests relative to the three-year interval 

recommendation for CC screening in Norway (4), we used an interval length of 3.5 

years to define one screening round. We included women born between years 1936-

1981, and registered as living in Norway at any time during the study period (years 

1992-2013), as they were eligible for at least two screening rounds based on age 

and the year of organised screening implementation (Supplementary Table 1). We 

excluded women who experienced a CC diagnosis, emigration or death before the 

end of two screening rounds. 

 

Classification of screening and cancer data 

We used data from the Norwegian Population Registry and databases at CRN to 

compile information on screening and cancer data, including population 

demographics, cytology tests (date of visit and morphology) and CC diagnoses. We 

differentiated cytology tests performed as part of routine screening (i.e. screening 

tests) from cytology tests used to follow-up previously abnormal results (i.e. follow-up 

tests). A cytology test was considered a follow-up test if the woman had any cervical 
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abnormalities or complementary tests (e.g. cervical biopsy or human papillomavirus 

(HPV) test) in the two preceding years. We identified all incident cases of invasive 

CC (International Classification of Diseases and Related Health Problems 10th 

Revision code C53) from 1953-2013, including date of diagnosis, morphology (i.e. 

squamous cell carcinomas (SCC), adenocarcinomas and other or undefined CCs, as 

previously defined (12)), and stage at diagnosis (reported using the International 

Federation of Gynecology and Obstetrics (FIGO) classification system (stages I-IV) 

(13)).  

 

Longitudinal adherence categories 

We categorised each woman into one of five longitudinal adherence categories 

based on individual attendance over repeated screening rounds. We defined each 

woman’s observation time in the screening programme as the number of years she 

lived at screening target age (i.e. ages 25-69 years) during 1992-2013 until a CC 

event, end of screen-eligibility, emigration, death, or end of follow-up (December 31st 

2013), whichever came first. We included an additional +/- 2 years before and after 

screening target ages for those attending screening outside recommended ages (i.e. 

ages 23-24 and 70-71 years). For each woman, we identified the number of eligible 

screening rounds given her observation time in screening , and rounded down to the 

number of complete 3.5-year screening rounds (with a maximum of six eligible 

rounds available in our data). We subsequently calculated a longitudinal adherence 

score, defined as the number of attended screening rounds (i.e., containing at least 

one registered cytology, either screening or follow-up test) out of the total eligible 

screening rounds (Figures 1 and 2).  
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We constructed five longitudinal adherence categories using the array of 

longitudinal adherence scores (Figure 1) : 1) never-screeners, 2) severe under-

screeners (attended half or less of eligible screening rounds), 3) moderate under-

screeners (attended more than half of eligible screening rounds, but not all), 4) 

guidelines-based screeners (attended all eligible screening rounds), 5) over-

screeners (attended all eligible screening rounds, and had excessive screening tests 

within an interval). To distinguish between guidelines-based screeners and over-

screeners (who both have a longitudinal adherence score of 100%), we calculated a 

screening intensity score, defined as the total number of screening tests (excluding 

follow-up tests to avoid misclassifying women undergoing follow-up testing as over-

screeners) divided by the number of eligible screening rounds. Subsequently, we 

categorized over-screeners as those women who had a screening intensity 

score >1.33 (i.e., more than one-third excessive screening tests)), while the 

remaining women were categorized as guidelines-based screeners (i.e. a screening 

intensity score ≤1.33).  

 

Analysis  

We tabulated the number and proportion of women in each longitudinal adherence 

category, and the mean year of birth, age of screen-eligibility, observation time within 

the screening programme, number of eligible screening rounds and the number of 

screening tests. To evaluate the discriminatory power of the longitudinal adherence 

metric, we estimated cancer outcomes among women within each longitudinal 

adherence category, including the number of CCs stratified by morphology and stage. 

We also calculated truncated age-standardised CC incidence rates (TASRs) for 5-
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year age-groups using a world standard population (14). Person-years were 

accumulated from after the second screening round (i.e. the study inclusion criteria) 

until the end of follow-up (December 31st 2013, CC event, emigration, or death, 

whichever came first). We also calculated TASRs for FIGO stages II+ (i.e. stage II or 

more severe), which more closely relates to cervical cancer mortality. All statistical 

analyses were performed using STATA statistical software, version 14. 

To evaluate the impact of inclusion/exclusion criteria and definitions of the 

longitudinal adherence metric on the distribution of longitudinal adherence and ability 

to differentiate cancer outcomes, we performed four separate sensitivity analyses: 1) 

Varying the number of eligible screening rounds required for study inclusion (i.e. at 

least three or four versus two rounds), 2) including only screening tests (not follow-

up tests) to calculate the longitudinal adherence score, 3) censoring observation time 

in the screening programme at the time of the first abnormal cytology test (i.e. 

atypical squamous cells of undetermined significance or more severe), and 4) 

varying the intensity score cut-off to define over-screening (i.e. a screening intensity 

score of 1 or 1.5). Finally, to compare our sample population with the current 

coverage metric reported by CRN, we estimated a cross-sectional coverage rate as 

the proportion of women in our sample with an interval cut-off in year 2012 or 2013 

and who were registered with at least one cytology test within that screening round.  

 

RESULTS 

Study population  

We identified 1,493,942 women born between 1936 and 1981 and living in Norway 

at any time between 1992 and 2013. We excluded a total of 102,130 women with 
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less than two eligible screening rounds in the period 1992-2013. Among the 

excluded women, 4,596 had a CC diagnosis, of which 2,405 occurred prior to the 

study period (<year 1992) or screening initiation age, and the remaining 2,191 

occurred among women with less than two complete rounds of screening. The 

analysed cohort comprised of 1,391,812 women with 2,716 cases of CC, of which 74% 

and 21% were SCC and adenocarcinoma, respectively (Table 1). On average, 

women in the analysed cohort entered screening at age 35 years, and had an 

average of 17.5 years and 5 rounds of observation time in screening. The 

proportions of women in the analysed cohort with two, three, four, five or six eligible 

screening rounds were 8%, 12%, 17%, 42%, and 21%, respectively. The mean age 

at CC diagnosis was 47.6 years (range: 30-77 years).  

 

Longitudinal adherence and cancer outcomes 

Using the longitudinal adherence metric to characterize patterns in longitudinal 

screening adherence, we found that 8% of women were never-screeners, 17% were 

severe under-screeners, 29% were moderate under-screeners, 19% were 

guidelines-based screeners, and 27% were considered over-screeners (Table 1). 

Among women who consistently screened at least once per eligible screening round 

(i.e. guidelines-based screeners and over-screeners), 59% were over-screeners.  

Cancer outcomes varied considerably across the longitudinal adherence 

categories. For example, while the TASR (for all CCs) per 100,000 woman-years 

was 18.9 overall, it was highest among never-screeners (50.4), almost three times 

higher than for guidelines-based screeners (16.9) (Table 1). Moderate under-

screeners had the lowest incidence at 9.4, while the incidence was slightly higher 
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among over-screeners (18.1) than guidelines-based screeners. When calculating 

TASRs for FIGO stages II+ only, the incidence was lowest among over-screeners. 

The mean age at cancer diagnosis was highest among never-screeners (55.8 years) 

and lowest among over-screeners (43.9 years). The histological cancer type and 

stage distribution at cancer diagnosis also varied by category; the proportion of SCC 

decreased from 83% to 67% with more frequent screening, while the proportion of 

adenocarcinoma increased from 10% to 27%.The proportion of other types was 

similar across categories (i.e. 5% to 7%). In addition, the proportion of cancers 

diagnosed at Stage I increased with more frequent screening (ranging from 21-70%) 

(Table 1 and Figure 3), while never-screeners had the highest proportion of Stage 

IV cancers (21%).  

The distribution of participants between longitudinal adherence categories and 

patterns in cancer outcomes remained consistent across different inclusion/exclusion 

criteria and definitions of longitudinal adherence (Supplementary Table 2). However, 

when we assumed an intensity score cut-off of >1 to define over-screening, 

guidelines-based screeners constituted only 7% of women in the analysed cohort, 

and had higher cancer incidence than over-screeners. Furthermore, over-screeners 

had lower cancer incidence than guidelines-based screeners when we required at 

least three or four eligible screening rounds for study inclusion, or when the intensity 

score cut-off was increased to >1.  

Finally, the cross-sectional coverage rate for years 2012-2013 in our sample 

was 66%, similar to the 67% coverage rate estimated for years 2012-2014 in Norway.  

 

DISCUSSION  
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Using population-based registry data that captures two decades of organised 

screening in Norway, we developed a screening adherence metric that evaluates 

adherence to screening over multiple rounds and reflects screening behaviour on a 

more granular level (including over- and under-screening). As population-based 

cancer screening is a continuing process (15), longitudinal adherence may reflect the 

fundamental principle of organised screening more accurately than the current 

coverage metric. In contrast to the 67% coverage rate observed in Norway (7), we 

found that only 46% of screen-eligible women consistently had at least one 

screening test every 3.5 years, of which more than half were over-screening. 

However, a larger proportion of screen-eligible women receive the benefits of routine 

screening, reflected by the 75% of women who attended screening at least once 

every six years.  

The longitudinal adherence metric was able to differentiate cancer outcomes 

according to screening behaviour. As expected, we observed the highest CC 

incidence among women who never or seldom attended screening (i.e. never- or 

severe under-screeners), and these women were diagnosed at an older age and at a 

more advanced stage than women who screened more frequently. We also found 

that the proportion of cancers diagnosed at Stage I steadily increased with more 

frequent screening. In contrast, the proportion of SCC decreased with more frequent 

screening, which is expected as SCC is the morphologic type that is most readily 

preventable through screening (16).  

This is, to our knowledge, the first study to develop and evaluate a 

longitudinal screening adherence metric. A previous study evaluated adherence to 

the Swedish screening programme by measuring the proportion of time in screening 

within a 12-year period, but only reported cancer outcomes for the dichotomized 
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categories of adherent and non-adherent women (17). While evaluating the 

proportion of time participating in screening may be helpful to compare mean degree 

of participation across groups (e.g. immigrant groups), this measure does not stratify 

different patterns of screening behaviour and does not capture over-screening. Other 

studies have evaluated longitudinal adherence to other, non-CC screening 

programmes over time (18-20), but did not consider multiple levels of under-

screening, over-screening, nor the ability to differentiate cancer outcomes. We found 

that longitudinal adherence was lower than cross-sectional adherence within the last 

screening round; similar results were found for cervical, colorectal, and breast cancer 

screening elsewhere (17, 21, 22), suggesting that attendance over multiple 

screening rounds more accurately reflects screening performance.  

 

Limitations 

The longitudinal adherence metric developed in this study does not incorporate all 

dimensions of guidelines-based recommendations, such as compliance to 

recommended follow-up. We considered attending screening at routine intervals the 

most important component of longitudinal adherence. Other aspects, such as the 

maximum length of time between screening tests, may be equally important. For 

example, screening at the beginning and end of two consecutive intervals could 

imply nearly 7 years between two screens. However, compared with the current 

dichotomized coverage metric, the longitudinal adherence metric allows for multiple 

levels of adherence (i.e. under/over-screening) and is therefore less prone to severe 

misclassification (e.g. classifying a woman attending screening every four years as a 

non-attender). Results may vary depending on different conceptualisations of the 

metric and category thresholds, as well as data availability. For example, we found 



14 
 

that reducing the threshold for over-screening to a screening intensity score of >1 

(rather than >1.33) implied a higher cancer incidence among guidelines-based 

screeners than over-screeners, primarily due to the large proportion of women in our 

sample with an intensity score of 1.1-1.33 (Supplementary Table 2). However, the 

distribution of longitudinal adherence proportions was consistent across different 

definitions of the metric, and we consider the selected conceptualisation transparent 

and reproducible for other settings. In addition, our sample population showed good 

validity when compared with both the cross-sectional coverage rate observed in 

Norway, as well as the TASR reported by NORDCAN (19.3 for ages 30-79 (23) 

versus 18.9 for ages 30-77 years in our sample). Finally, high-quality registry-data 

over a period corresponding to at least two screening rounds are required for other 

screening programmes to utilize the longitudinal adherence metric. Although 

evaluating longitudinal adherence may not currently be feasible for all cancer 

screening programmes, application in countries with well-established cancer 

registries may inform screening policies elsewhere.  

 

Policy implications and future research  

The longitudinal adherence metric may inform studies that guide the continued 

refinement of screening programmes, such as evaluating whether CC specific 

mortality differ by patterns in screening behaviour. The metric may also help identify 

groups of women to target for interventions to improve screening adherence. 

Improving adherence among women that consistently never- or under-screen is 

expected to improve the effectiveness and efficiency of organised screening (24, 25). 

Home-based testing for HPV has shown promising potential to increase screening 

participation (26, 27), yet the cost-effectiveness of self-sampling policies relies on 
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targeting the most under-screened women and those at highest risk of developing 

CC (28, 29). As such, understanding women’s screening history and its association 

with cancer outcomes is essential.  

Within each longitudinal adherence category there is likely heterogeneity in 

individual characteristics and the underlying risk of developing CC. Self-selection of 

participants in a screening programme is often referred to as “healthy screenee bias”, 

suggesting that screening participants on average are healthier than non-participants 

(30). For example, a Danish study found that participants in CC screening had lower 

all-cause mortality rates than non-participants (31), and a study in Finland showed 

that women who chose not to attend after receiving an invitation had a higher risk of 

CC than non-invited women (32). In this descriptive analysis, we found that 

moderate under-screeners had the lowest cancer incidence, while over-screeners 

had higher incidence than guidelines-based screeners. These longitudinal 

adherence categories may be particularly subject to selection bias if women are 

aware of individual CC risk based on risk factor exposure. Future studies may use 

the longitudinal adherence framework to evaluate characteristics of study 

participants to evaluate potential “healthy screenee bias” and other disparities in 

participation (e.g. socioeconomic status).  

We conclude that the longitudinal adherence metric developed in this study 

more accurately reflects guidelines-based recommendations by capturing screening 

behaviour over repeated intervals and differences in cancer outcomes, and may be a 

valuable addition to the existing performance indicators of organised screening. In 

turn, the metric may be applied within other prevention programmes that rely on 

repeated follow-up such as breast and colorectal cancer screening programmes, 
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where screening coverage is a key performance indicator defined similar to the 

current adherence metric for CC screening (33). 

 

CONFLICTS OF INTEREST 

None declared.  

 

ACKNOWLEDGEMENTS 

We are grateful for the contributions of Ivar S. Kristiansen, Søren T. Klitkou, Gry B. 

Skare and the Cancer Registry of Norway. This study was funded by the Norwegian 

Research Council (238042). Preliminary results of this study were presented at the 

International Papillomavirus Conference, Lisbon, Portugal, 21st September 2015 and 

the Society for Medical Decision Making Conference, Vancouver, Canada, 24th 

October 2016. 

 

ETHICAL APPROVAL 

This study was approved by the Data Protection Official at Oslo University Hospital 

(approval number 2015/17224).  

 

KEY POINTS 

 This is the first study to develop a longitudinal screening adherence metric 

and apply the metric to population-based data that captures two decades of 

organised cervical cancer screening in Norway. 

 The longitudinal adherence metric developed in this study captures different 

patterns of screening behaviour, including under-screening and over-
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screening, and shows an association between screening behaviour and 

cancer outcomes. 

 In Norway, 46% of women were consistently screened at least once every 3.5 

years, and the majority of these were over-screened.  

 The longitudinal adherence metric may be a valuable addition to existing 

screening performance indicators, and may inform other studies that guide the 

continued refinement of screening programmes. 
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Table 1. Characteristics of study participants and number of cervical cancers by longitudinal adherence category. 

Variable 

Never-

screeners 

Severe 

under-

screeners 

Moderate 

under-

screeners 

Guidelines-

based 

screeners 

Over-

screeners Total
 

Number of women (%) 117 887 (8) 231 957 (17) 396 889 (29) 265 738 (19) 379 341 (27) 1 391 812 (100) 

Mean year of birth [SD] 1957 [14] 1959 [13] 1960 [11] 1961 [13] 1961 [12] 1960 [13] 

Mean age of screen-eligibility [SD] 40.8 [12.2] 36.6 [10.8] 34.7 [9.8] 34.9 [10.7] 33.9 [10.0] 35.4 [10.6] 

Mean years of observation-time in screening [SD] 14.4 [3.7] 16.6 [4.2] 18.7 [2.9] 16.9 [4.3] 18.0 [4.1] 17.5 [4.0] 

Mean number of eligible screening rounds [SD] 3.7 [1.1] 4.3 [1.3] 4.9 [0.9] 4.4 [1.3] 4.7 [1.2] 4.6 [1.2] 

Mean number of screening tests
a [SD] 0.0 [0.0] 2.1 [1.3] 5.2 [2.0] 5.1 [1.7] 8.5 [3.1] 6.0 [3.4] 

Number of cervical cancer cases (%) 481 (18) 578 (21) 444 (16) 449 (17) 764 (28) 2 716 (100) 

Truncated ASR (all stages)
b
  50.4 26.5 9.4 16.9 18.1 18.9 

Truncated ASR (FIGO II+)
b 

30.4 10.3 3.1 3.8 2.8 6.3 

Mean age at diagnosis [SD] 55.8 [10.3] 48.1 [10.5] 47.6 [9.5] 44.6 [9.9] 43.9 [10.2] 47.6 [10.9] 

Histological type (% within adherence category) 

      Squamous cell carcinoma 401 (83) 463 (80) 310 (70) 314 (70) 513 (67) 2 001 (74) 

Adenocarcinoma 47 (10) 79 (14) 112 (25) 113 (25) 209 (27) 560 (21) 

Other 33 (7) 36 (6) 22 (5) 22 (5) 42 (5) 155 (6) 

a
Reported as the average total screening tests for each woman. Some women may have multiple tests within a single screening round. 

b
Age-standardised using a world standard population and truncated on 

ages 30-77 years (i.e. the ages under observation in the data). Abbreviations: ASR; Age-standardised cervical incidence rate, FIGO II+; FIGO stage II, III or IV, SD; standard deviation. 
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Figure legends 

 

Figure 1. Overview of the longitudinal adherence scores and categories.  

Overview of the longitudinal adherence scores and categories. The heat map 

illustrates all possible combinations of eligible and attended screening rounds for 

women in the analysed cohort, and the associated longitudinal adherence score, 

defined as the number of attended screening rounds divided by the number of 

eligible screening rounds. See figure 2 for details on eligible and attended screening 

rounds. Based on the array of consistency scores, we constructed the following five 

adherence categories: never-screeners, severe under-screeners, moderate under-

screeners, guidelines-based screeners and over-screeners. The table summarizes 

the longitudinal adherence score and the implied average screening interval (i.e. 

longitudinal adherence score divided by 3.5 years) for each longitudinal adherence 

category. Over-screeners had at least one cytology test in all expected screening 

rounds, and more than 33% excessive screening tests in total (see Methods for 

details). 

 

Figure 2. Hypothetical screening histories and associated longitudinal 

adherence category. 

Abbreviations: Jul, july; Dec, December; yo, years old. 

Hypothetical screening histories and associated longitudinal adherence category. 

Abbreviations: Jul, july; Dec, December; yo, years old. Using an interval length of 3.5 

years, each woman (A–E) would have a different number of eligible screening 

rounds (2–6 rounds) from the time she became eligible for screening (triangle) until 

the end of observation time in screening due to cervical cancer screening stop age 
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(ages 69–71 years), emigration, death or end of study period in December 2013 

(circle with crossed lines), whichever came first. The number of attended rounds 

indicates the number of screening rounds a woman had at least one cytology test 

(solid circle). *For screening history E, the woman has an adherence score=1 and a 

screening intensity score=1.5 (i.e. 6 screening tests divided by 4 eligible rounds), 

and is therefore classified as an over-screener. See figure 1 and Methods for details 

on longitudinal adherence categories. 

 

Figure 3. Stage distribution of cervical cancers for each longitudinal 

adherence category.  

Abbreviations: N, number of cervical cancer cases; TASR, truncated age-

standardised incidence rate per 100,000 woman-years. 

Stages (I, II, III, IV) follow the International Federation of Gynecology and Obstetrics 

(FIGO) classification system. Study population indicate all women that met the study 

inclusion criteria.  
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Figure 1. 
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Figure 2. 
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Figure 3. 

 


