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Abstract 

Regional disparities in avoidable mortality have widened in Poland, reflecting differences in healthcare 

and public health system performance. While previous studies have linked mortality outcomes to 

regional economic, social, and healthcare factors, how these conditions interact to shape regional 

mortality trajectories remains poorly understood. This study is the first to apply fuzzy-set Qualitative 

Comparative Analysis (fsQCA) to examine combinations of contextual factors associated with 

mortality outcomes in a Central and Eastern European country. Death and population data from 

Statistics Poland were used to calculate age-standardised mortality rates (2000–2019) for 16 NUTS-2 

and 73 NUTS-3 regions, disaggregated by sex and five causes of death (cerebrovascular disease; breast, 

lung, and colorectal cancer; and traffic injuries). After applying a cohort-period spline model to stabilise 

mortality estimates, the smoothed trends were used to classify regions as mortality vanguards or 

laggards for each cause. fsQCA was then used to assess which combinations of contextual factors, 

including GDP per capita, unemployment rate, proportion of residents with tertiary education, and nurse 

density, were associated with each regional classification. No consistent combination of factors was 

associated with regions being classified as mortality vanguards or laggards across the causes of death 

examined. The absence of necessary or sufficient configurations suggests that regional mortality 

disparities in Poland arise from complex, context-dependent interactions that call for tailored, region-

specific interventions.  
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Background 

While national mortality trends in Central and Eastern Europe (CEE) have been thoroughly examined,1–

7 less is known about subnational mortality disparities in CEE countries. A recent study examined 

regional mortality trajectories in five CEE countries and highlighted rising relative disparities in all-

cause and cause-specific mortality rates, indicating the emergence of regions lagging in mortality 

improvements.8 One possible explanation for these results is differences in the diffusion and uptake of 

healthcare or public health innovations, particularly those that prevent deaths from complex diseases 

such as cancer. This hypothesis has empirical support from recent studies that found growing regional 

disparities in avoidable mortality (deaths avoidable through medical or public health intervention) in 

Poland after 2014.9,10 

This raises the question of contextual factors that influence the successful adoption of relevant health 

innovations at the regional level. Previous studies in Poland have found associations between regional 

trends in amenable mortality and various contextual factors, including access to care, healthcare 

resources, and socioeconomic deprivation.9,11,12 A study highlighted that an initially significant 

association between amenable mortality and healthcare resource variables (e.g., primary care 

physicians, specialists) was substantially weakened after adjusting for socioeconomic factors.9 The 

existing evidence thus highlights a complex relationship between amenable mortality and several 

interacting contextual factors. This complexity complicates policymakers' efforts to develop effective 

interventions for addressing regional disparities in amenable mortality in Poland and other CEE 

countries.  

Complex causality has previously been addressed through a comparative case study approach known 

as qualitative comparative analysis (QCA). QCA applies set theory and Boolean minimisation to 

identify combinations of conditions that co-occur in cases of interest, enabling researchers to infer the 

necessary and sufficient causes of these outcomes.13 This makes QCA an appealing approach for 

exploring the drivers of regional amenable mortality trajectories, particularly if we are primarily 

interested in which conditions (i.e., contextual factors) co-occur in regions that can be classified as 

mortality laggards or vanguards, and less interested in estimating the precise effect size of each factor. 

Despite these potential advantages, few studies have applied QCA to examine the relationship between 

mortality and regional context,14 and none have used it to explore the drivers of regional amenable 

mortality in a CEE country.  

This study aims to fill this gap by examining the co-occurrence of socioeconomic conditions, healthcare 

resources, and educational attainment in Polish regions that can be classified as mortality vanguards or 

laggards concerning selected avoidable causes of death: cerebrovascular disease, breast cancer, lung 

cancer, colorectal cancer, and traffic accident deaths.  
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Methods 

Study design 

Cause of death selection  

Five amenable causes of death were selected as outcomes of interest because they have a well-defined 

clinical or public health intervention that can reduce disease incidence and case fatality rates for this 

cause (see Table 1). This makes them a relevant measure for the diffusion and uptake of healthcare 

innovations that impact mortality outcomes. 

Table 1. Selected avoidable causes of death and associated healthcare innovations 

Cause of death Interventions 

Cerebrovascular disease Blood pressure control and early thrombolysis15 
Breast cancer Population screening and early detection16 

Lung cancer Tobacco control17 
Colorectal cancer Population screening and early detection18 

Traffic accident Road safety policies19 
 

Contextual factor selection  

The four contextual variables included in this study (regional GDP per capita, unemployment rate, 

nurses per capita, and proportion of population with tertiary education) were selected because they can 

serve as indicators for factors previously established as associated with cause-specific mortality in 

Poland (see above)  and relevant to the diffusion of healthcare innovations in other settings.20–23  

Data sources and preparation 

Data on death and population counts by age group (0, 1, 5, …, 85, 95+), sex, cause, year (2000-2019) 

and region (16 NUTS-2 and 73 NUTS-3 regions) were collected from the national statistics office. Data 

on regional GDP per capita, unemployment rate, nurses per 1000 inhabitants, and the proportion of the 

population with tertiary education by region and year were extracted from the same source. 

Mortality analysis at the subnational level is often complicated by erratic trends in age-specific death 

rates, arising from the inherent stochastic variation in death counts within small populations.24 I used 

an established cohort-period spline model to stabilise mortality estimates and produce smooth age-

standardised mortality trajectories by region, sex, and cause.25  
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Qualitative comparative analysis 

This study applies the fuzzy-set QCA approach, which allows conditions and outcomes to be defined 

with two or more levels or categories.  

Outcome calibration 

The outcome set was defined based on a region’s membership in the mortality vanguard versus laggard 

class. Since the definitions of mortality vanguard and laggard regions are not unequivocal, I performed 

the analysis using two definitions. The first defined vanguards as regions with average (over time) 

mortality rates below the national average for the sex and cause (coded as 1), and laggards as regions 

with above-average mortality rates (coded as 0). The second, more complex, definition divided the 

regions into four groups: (1) regions with average (over time) mortality rates below the national average 

for the sex and cause and a better-than-average decline in mortality throughout the period (coded as 1), 

(2) regions with below average mortality rates lower-than-average mortality declines (coded as 0.66), 

(3) regions with above average mortality rates and better-than-average mortality declines (coded as 

0.33), and (4) regions with above average mortality rates and a worse-than-average mortality declines 

(coded as 0).  

Condition calibration 

The condition set was defined based on the transformed values of each contextual variable. For each 

variable, I first calculated a regional average over time, then calculated robust z-scores using median 

absolute deviation, and finally rescaled the robust z-scores to construct scores ranging from 0 to 1. The 

GDP per capita was additionally log-transformed to achieve a less skewed distribution. For the 

unemployment variable, an inverse score (employment) was used in the analysis, so that scores greater 

than 0.5 across all sets indicate generally favourable mortality and innovation diffusion conditions. 

Analysis 

The analysis comprises several parts. First, to identify necessary conditions, I calculated the necessity 

consistency, coverage, and relevance scores for each condition and compared them to established cut-

off values (0.9, 0.6, and 0.6). Second, to identify conditions that may be necessary in combination, I 

examined whether any SUIN conditions were present, which are  sufficient but unnecessary parts of a 

factor that is insufficient but necessary for an outcome. Third, to identify sufficient conditions, I 

calculated the sufficiency consistency, proportional reduction in inconsistency, and coverage scores for 

each condition and compared them with established cut-off values (0.8, 0.51, and none for coverage). 

Finally, to identify conditions sufficient in combination, I constructed truth tables and minimised them 

through Boolean algebra.26 
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Preliminary results 

The analysis generally highlighted higher consistency, coverage, and relevance scores for NUTS-3 

regions, the four-level definition of mortality vanguard and laggard regions, and analyses stratified by 

sex and cause, rather than pooling observations.  

While none of the conditions reached the standard cut-off for the necessity consistency score (≥0.9), 

several came close (≥0.85): GDP per capita when considering traffic fatalities (particularly for men) 

and the proportion of the population with tertiary education when considering colon and breast cancer 

mortality. No additional SUIN conditions were identified in either the NUTS-2 or NUTS-3 datasets.  

No single condition reached the threshold for sufficiency in classifying regions as mortality vanguards 

or laggards. The minimisation procedure yielded several configurations that met the conventional 

consistency threshold (≥0.8), indicating potential sufficiency for cardiovascular mortality in the NUTS-

2 dataset. However, only two of these configurations also achieved acceptable PRI scores, and both 

accounted for only a small subset of cases. Moreover, these configurations were not replicated in the 

corresponding NUTS-3 analysis.  

Overall, the findings suggest that no single condition or combination of conditions consistently met the 

empirical thresholds for necessity or sufficiency, underscoring the multifactorial and context-dependent 

nature of regional mortality advantage. 

Next steps 

Next steps in this analysis will focus on addressing the main study limitations. First, although the 

smoothing procedure stabilised most regional mortality trajectories, a few region–cause–sex 

combinations displayed implausible trends. I will assess the sensitivity of the QCA results to these cases 

by excluding them from the analysis and by testing alternative smoothing methods, such as spatio-

temporal Bayesian models. Second, the current study included only a limited range of causes of death 

and contextual factors. Expanding the scope to encompass more broadly defined categories of avoidable 

mortality, for example, tobacco-related, alcohol-related, and cancer-screening-related deaths, may help 

stabilise regional mortality trends and better capture the influence of broader public health innovations. 

Likewise, incorporating additional socioeconomic and healthcare resource indicators (e.g., area 

deprivation scores, availability of primary and secondary care facilities) could further strengthen the 

robustness and explanatory power of the findings. 

  



 6 

References 

1.  Bobak M, Marmot M. East-West Mortality Divide And Its Potential Explanations: Proposed 

Research Agenda. BMJ 1996;312:421–425.  

2.  Jasilionis D, Mesle F, Vallin J. Is East-West Life Expectancy Gap Narrowing in the Enlarged 

European Union? Comp Popul Stud 2023;48:523–551.  

3.  Meslé F, Vallin J. Mortality in Europe: the Divergence Between East and West. Population 

2002;57:157–197.  

4.  Meslé F, Vallin J. The End of East–West Divergence in European Life Expectancies? An Introduction 

to the Special Issue. Eur J Popul 2017;33:615–627.  

5.  Trias-Llimós S, Kunst AE, Jasilionis D, Janssen F. The contribution of alcohol to the East-West life 

expectancy gap in Europe from 1990 onward. Int J Epidemiol 2018;47:731–739.  

6.  Velkova A, Wolleswinkel-van den Bosch JH, Mackenbach JP. The East-West life expectancy gap: 

differences in mortality from conditions amenable to medical intervention. Int J Epidemiol 

1997;26:75–84.  

7.  Zatonski W. The East-West Health Gap in Europe—what are the causes? Eur J Public Health 

2007;17:121.  

8.  Hrzic R, Grigoriev P. Regional mortality disparities in Central and Eastern Europe 2000–22. J Public 

Health 2025;fdaf135.  

9.  Wróblewska W. Territorial variation in mortality from causes amenable to medical care in Poland. 

Ann Agric Environ Med 2017;24:489–495.  

10.  Sagan A, Karanikolos M, Gałązka-Sobotka M, McKee M, Rozkrut M, Kowalska-Bobko I. The 

Devil Is in the Data: Can Regional Variation in Amenable Mortality Help to Understand Changes 

in Health System Performance in Poland? Int J Environ Res Public Health 2022;19:4129.  

11.  Muszyńska MM, Sulkowska U, Zatoński WA. Regional variation in mortality from ischaemic heart 

disease in Poland, 2006-2010. Kardiol Pol 2015;73:207–215.  

12.  Jamiołkowski J, Genowska A, Pająk A. Is area-level socioeconomic deprivation associated with 

mortality due to circulatory system diseases in Poland? BMC Public Health 2023;23:7.  



 7 

13.  Ragin CC. The comparative method: moving beyond qualitative and quantitative strategies: with a 

new introduction. Oakland, California: University of California Press, 2014.  

14.  Blackman T, Dunstan K. Qualitative Comparative Analysis and Health Inequalities: Investigating 

Reasons for Differential Progress with Narrowing Local Gaps in Mortality. J Soc Policy 

2010;39:359–373.  

15.  Feigin VL, Lawes CM, Bennett DA, Barker-Collo SL, Parag V. Worldwide stroke incidence and 

early case fatality reported in 56 population-based studies: a systematic review. Lancet Neurol 

2009;8:355–369.  

16.  The Independent UK Panel on Breast Cancer Screening, Marmot MG, Altman DG, et al. The 

benefits and harms of breast cancer screening: an independent review: A report jointly 

commissioned by Cancer Research UK and the Department of Health (England) October 2012. Br 

J Cancer 2013;108:2205–2240.  

17.  Gredner T, Mons U, Niedermaier T, Brenner H, Soerjomataram I. Impact of tobacco control policies 

implementation on future lung cancer incidence in Europe: An international, population-based 

modeling study. Lancet Reg Health - Eur 2021;4:100074.  

18.  Levin TR, Corley DA, Jensen CD, et al. Effects of Organized Colorectal Cancer Screening on 

Cancer Incidence and Mortality in a Large Community-Based Population. Gastroenterology 

2018;155:1383-1391.e5.  

19.  Goniewicz K, Goniewicz M, Pawłowski W, Fiedor P. Road accident rates: strategies and 

programmes for improving road traffic safety. Eur J Trauma Emerg Surg 2016;42:433–438.  

20.  Wang A, Clouston SAP, Rubin MS, Colen CG, Link BG. Fundamental Causes of Colorectal Cancer 

Mortality: The Implications of Informational Diffusion. Milbank Q 2012;90:592–618.  

21.  Green LW, Ottoson JM, García C, Hiatt RA. Diffusion theory and knowledge dissemination, 

utilization, and integration in public health. Annu Rev Public Health 2009;30:151–174.  

22.  Clouston SAP, Rubin MS, Phelan JC, Link BG. A Social History of Disease: Contextualizing the 

Rise and Fall of Social Inequalities in Cause-Specific Mortality. Demography 2016;53:1631–1656.  

23.  Rubin MS, Clouston S, Link BG. A fundamental cause approach to the study of disparities in lung 

cancer and pancreatic cancer mortality in the United States. Soc Sci Med 2014;100:54–61.  



 8 

24.  Wilson T, Grossman I, Alexander M, Rees P, Temple J. Methods for Small Area Population 

Forecasts: State-of-the-Art and Research Needs. Popul Res Policy Rev[Internet] 2021; Available 

from: https://link.springer.com/10.1007/s11113-021-09671-6 

25.  Camarda CG. Smooth constrained mortality forecasting. Demogr Res Max Planck Institute for 

Demographic Research, 2019;41:1091–1130.  

26.  Oana I-E, Schneider CQ, Thomann E. Qualitative Comparative Analysis Using R: A Beginner’s 

Guide [Internet]. 1st edn. Cambridge University Press, 2021 [cited 2025 Oct 29]. Available from: 

https://www.cambridge.org/core/product/identifier/9781009006781/type/book 

 


