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Executive  summary  

Can include the following: 

• Contains the purpose of the paper,  

• definition and description of the problem,  

• evaluation of solution alternatives,  

• Conclusions and recommendations. 

 

Key points 

The most important ideas are summarised in key point by using direct quotes of key words, phrases, 

or sentences. 

Key points include implications to public health, public health policy and public information systems. 
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I. Introduction 

COVID-19 has had a major impact on countries across the world including their health systems and 

economies. As of end of May 2022 there have been more than 525 million cases globally with more than 6 

million deaths, of which 221 million cases and just over 2 million deaths have been in the WHO European 

region1. 

The absence of vaccines and safe antiviral treatments at the outset led to a number of public health 

prevention and control measures including advice on handwashing, ventilation, social distancing, self-

isolation of cases and contacts, border closures, travel restrictions and national lockdowns. Apart from the 

direct effects of the COVID-19 disease on sickness, hospitalisation and deaths there have been huge 

indirect effects on a number of sectors including healthcare. Early studies identified a huge drop off in 

primary care contacts in the UK for a wide range of physical and mental health conditions2. A variety of 

other studies have shown marked reductions, for example, in expected cancer diagnoses3, cardiovascular 

services4, respiratory disorders 5,6 and surgical activity8. 

However, there is a dearth of European studies utilising common definitions and data models to inform 

policy makers on the indirect impact of COVID-19 on aspects of population health, including important 

conditions and health service resilience. There is also a need to ensure that vulnerable populations are as 

well protected as possible. Vulnerability may be due to ageing, the presence of specific health conditions or 

adverse social conditions. 

Analysis and validation of linked infection, primary care, secondary care, and mortality data identified a 

number of clinical risk factors that have been used to prioritise access to vaccines and anti-viral 

therapies9,10. These studies also identified relative socioeconomic disadvantage as a risk factor for 

hospitalisation and death. 

The use of routinely collected population data to derive intelligent indicators of the health of the 

public is key to monitoring the performance and improving the quality of healthcare services and 

population health. However, this is not a simple task as variations in design, coverage and 

ontologies means there is a need for harmonization to allow comparability between the different 

levels and regions. In addition, the pandemic has highlighted the necessity of a structured 

European mechanism for COVID-19 exchange to organize and share information between 

countries in the area of population health. Population Health Information Research Infrastructure 

(PHIRI) aims to facilitate and support open, interconnected, and data-driven research through the 

sharing of cross-country COVID-19 population health information and exchange of best practices 

related to identification of data sources, access, assessment, and reuse of data on COVID-19 

determinants, risk setting and outcomes. The PHIRI project follows the best ethical practices that 

protect patient privacy without hindering research when sharing sensitive health and genomic 

data for research reuse (ELSI practices; https://rd-connect.eu/what-we-do/elsi) and promoting the 

capacity of computational systems to find, access, interoperate, and reuse data with no or minimal 

human intervention (FAIR principles; https://www.go-fair.org/fair-principles). In this context, 

Work Package (WP) 6 intends to conduct research through use cases of immediate relevance for 

public health policies and management of the COVID-19 pandemic, and to facilitate further 

research by making scalable, reproducible methods available within PHIRI. 
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In order to improve knowledge of the indirect effects of COVID-19 on a variety of conditions, Use Case A 

focused on the impacts on hospitalisations with a particular emphasis on how known socio-economic 

inequalities in health were affected by the pandemic. This was designed to complement the other use cases 

B-D, which will focus on breast cancer, perinatal health, and mental health. 

II. Approach  

Methodology: 

Use case A included several phases: 

Research question 

Several potential research questions were proposed to the data hubs (responsible experts from regional or 

national public health institutions owning or allowed for requesting secondary health data). The aim was to 

maximise the ability of hubs to participate. Early on it became clear that there were large differences in the 

availability, depth and breadth of data and its timeliness across the data hubs. Given the absence of linked 

primary care data from many systems it was decided not to repeat the UK studies on clinical risk factors 

and to focus on indirect impacts of the pandemic on hospitalisations for selected conditions.  

Research Question: Has the COVID19 pandemic changed existing patterns of non-COVID-19 health 

care utilisation for the general and socio-economically vulnerable populations within and between 

countries?  

Use Case A addresses four sub questions 

Has the pattern of hospital treatment for heart attacks and strokes for the general population 

changed during the COVID-19 pandemic? 

Has the pattern of hospital treatment for hip and knee replacements for the general population 

changed during the COVID-19 pandemic? 

Has the pattern of hospital treatment for serious trauma for the general population changed 

during the COVID-19 pandemic? 

Have there been changes in any of the above groups by socioeconomic status? 

These three groups of conditions were chosen to reflect different aspects of health care provision. 

Heart attacks and strokes are medical emergencies that should be treated at hospital, but patients 

may be reluctant to attend hospital during pandemics due to fear of contracting the condition or 

not to add to health service pressures during extremely busy times. Hip and knee replacements 

are elective or planned procedures that may be put off due to system pressures or patients being 

reluctant to attend health care premises during pandemics. The incidence of trauma may be 

affected during pandemics as people change travel and work patterns. Reduced incidence of road 

traffic and work-related injuries would be expected with an increase in injuries occurring at home. 

As bed availability and differences in treatment approaches between countries impact on 

admissions to treat trauma it was decided to utilise a definition of severe trauma that has been 

agreed by international experts as always requiring hospitalisation 11.  
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Many countries did not have access to linked hospitalisation/socio-economic status data to 

address question 4. Different systems are used in countries where there are socioeconomic data 

and hence it is not possible to combine such data in meta-analyses. Nevertheless, the use of ratios 

over time to compare changes in the most deprived to the most affluent individuals or areas or by 

income or educational status can be very helpful. In this study we have characterised individuals 

by local socio-economic status and compared the most deprived fifths to the least deprived fifths 

of the population in Wales and took similar approaches in other data hubs. 

Two round questionnaire 

A 1st round questionnaire (Appendix 1) was sent to partners to identify relevant information on the 

technical capabilities and data accessibility of the data hubs. The questions were referred to technical/IT 

expertise (“are you capable of using R, Docker, Python?”); access to data (“do you host any data?”; “do you 

have easy access to external data?”; “are data available at an aggregated level?”). 

A 2nd round questionnaire (Appendix 2) was sent to the participant data hubs to obtain specific information 

(metadata) of each use case, to start off the process of harmonising data collection throughout a common 

data model (see next section). 

Development of the common data model 

The first common data model produced consisted of 3 separate cohorts corresponding to heart attack and 

stroke, hip or knee replacement surgery, and trauma. These included demographic details along with 

details regarding the incident or treatment. 

The questionnaires revealed what data was available from each country/region, along with the form it took 

and any limitations/restrictions in place. All those meaningful variables selected were then categorised by 

availability across data hubs in “required”, “recommended” and “optional”. These metadata were planned 

to be uploaded to the open platform Zenodo (https://zenodo.org/record/6483177).  

The Common data model also specified the level of stratification should be at minimum by sex and age. The 

inclusion criteria were the following: 

• Men and women of all ages 

• With Any of the conditions listed 

• For trauma patients, only the first record of injury is reported 

• Had a contact with the healthcare system during 2017-2020 (2021 when possible) 

• A washout period of one year was used to identify new cases of each type of incident and exclude 

starting analysis within a healthcare event. Each patient can be recorded against each type of event, 

however in the case of a repeat event (e.g. a second hip surgery), the patient must have a separation 

of 365 days since the previous recording of that type. 

The diagnoses and procedure codes included were: 

Cohort 1: ICD-10 codes I21 (stroke), I60-I164 (heart attack) 

Cohort 2: OPCS codes W37 – W42. (OPCS is a coding system for procedures e.g. hip and knee 

replacements) 

Cohort 3: ICD-10 codes S720 – S723, S063, S272, S360, S361 

https://zenodo.org/record/6483177
https://zenodo.org/record/6483177
https://www.datadictionary.nhs.uk/data_elements/opcs-4_code.html#:~:text=Description,identify%20the%20CODED%20CLINICAL%20ENTRY.
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The final common data model was condensed to one table that held patient data for all three of the 

cohorts, recording only the first event of each type per patient. 

Analytical scripts 

A pilot R script was created by the team based at Swansea University in Wales using a cohort of real 

patients from the SAIL databank and shared with the rest of the team. This was developed further by 

colleagues to produce a script suitable for running within the Docker that would generate a summary 

report of the European age standardized rates combined with the aggregated data needed for further 

analysis. The R Markdown script was again shared in Zenodo. 

Meta-analyses 

Future analysis will use the aggregated data provided by participating countries to perform a meta-analysis 

and establish statistical significance across a pool of European populations. We will also investigate the 

extent of changes in hospitalisations related to the stage and extent of local COVID-19 infection rates. 

Interface with WP7 

The use case outputs will be processed in an interoperable way by formalising data models, data 

management processes and analytical pipelines, all of which are part of the client-server PHIRI federated 

infrastructure implemented as here: 10.5281/zenodo.6483177. 

III. Results 

Process related results: 

The research question (RQ) was defined based on the previous literature and the types of data available 

from each of the data hubs surveyed. The case study investigates changes in health care utilisation 

associated with the COVID-19 pandemic, and is defined as: 

 

The final common data model was reached after feedback from the 2nd questionnaire. This final round of 

questions was answered by 11 data hubs, the responses are displayed in Figure 1. 

The common data model was finalised in response to 11 countries answers to the 2nd questionnaire. The 

SARS-COV-2 variable was disregarded and the following 16 variables were included as  

• Basics: Patient ID, Age, Sex, Observation Period 

• Cohort 1: Heart event (ICD10 codes), Date of heart event, Stroke (ICD10 codes), Date of stroke 

• Cohort 2:  Type of surgery (OPCS code), Type of hip surgery (OPCS code), Type of knee surgery 

(OPCS code)  

• Cohort 3: Trauma admission (ICD10 codes), Date of admission 

Has the COVID-19 pandemic changed existing patterns of non-COVID-19 health care 

utilisation for the general and socio-economically vulnerable populations within and 

between countries?   

https://saildatabank.com/
https://zenodo.org/record/6483177
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• Optional: Level of education achieved, socioeconomic score, Country code, Country of origin code, 

District code 

 

Figure 1. Health care utilisation variables and their availability among participating countries. 

Description analytical scripts 

Analytical scripts were initially developed in UK using Welsh electronic health data records. These were 

created using R markdown to generate HTML summary reports plotting trends in health care utilisation in 

Wales during 2017-2021. These scripts were modified by researchers in Spain and incorporated into the 

DOCKER package available at Zenodo for use by participating data hubs. Four data hubs were able to 

implement the scripts by the deadline: Wales, UK; Austria; Finland; and Croatia. 

  

https://zenodo.org/record/6483177
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Results by data hub 

1. Wales, UK 

Wales was in national lockdown through 2020 and 2021 as a result of COVID-19 through 23rd Mar 2020 – 1st 

June, 23rd Oct – 9th Nov, 26th Dec – 13th Mar 2021. 

Stroke 
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Heart attack 

 

Knee replacement surgery 
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Hip replacement surgery 

 

Severe trauma 
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2. Austria 

Austria was in national lockdown in 2020 as a result of COVID-19 during 16th Mar – 17th May, Nov 17th – Dec 

26th – Feb 8th 2021. 

Stroke 

 

Heart attack 

 

Knee replacement surgery 
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Hip replacement surgery 

 

3. Finland 

Finland never went into a national lockdown, but did issue a state of emergency on 16th March, 

implementing measures to close schools, government run facilities, increase healthcare capacity and 

restrict movement into Finland. On 27th March movement within Finland was further restricted when the 

borders to the Uusimaa region were closed. Data from 2017 were not available for this analysis. 

Stroke 
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Heart attack 

  

Knee replacement 

  

Hip replacement 
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Severe trauma 
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4. Croatia 

Croatia went into a national lockdown on 23rd March until 27th April 2020. 

Stroke 

 

Heart attack 
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Hip and knee replacements 

 

IV.Implications and limitations 

Use Case A demonstrated that it was possible to develop, agree on, and implement a common data model 

across European countries around the impact of COVID-19 on hospital care for acute medical and trauma 

care indicators and elective care for major joint replacements. There were quite different patterns of 

disruption to care pathways in the different jurisdictions, from which policy makers can learn considerably. 

This was our first foray into this pattern of working. At this point in time comparisons are limited to four 

countries. Future developments will include investigation of the timing and extend of COVID-19 in the 

different countries and the relationship with health service disruption and population age standardisation 

to account for population differences. Before the end of the project, we also expect to finalise analyses in 

Spain, Norway, Czech Republic, Bosnia, and hopefully other countries. 

 

V. Conclusions and recommendations 

Given the complexity of data hubs and working practices across Europe, with some PHIRI investigators 

having direct access and others having to engage with one or several data providers it is not surprising that 

clarification of what data are available takes some time to complete. It was important to spend a 

considerable amount of time with data providers and researchers working out which countries or data hubs 

could provide the necessary variables. As can be seen from the graphs in the results section data on 16 

variables were requested. Between 3 and 10 data hubs were able to access each variable. This necessitated 

some reformatting of the research question and making data on the entire period or socioeconomic 

position optional. 

 

Four countries were able to complete the analysis of the data using the DOCKER solution and 5 countries 

are still in the process of investigating or implementing the DOCKER solution. When more countries have 

completed the analysis and the additional step of providing results not just by counts but also by European 

Age Standardised Rates (EASRs) we will continue with more detailed comparison of the impacts in each 

data hub or country and how these relate to the prevalence of infection over the time period. 

The pattern of disruption to health care for the index conditions varied by jurisdiction.  
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Overall, there is a clear pattern with reductions in admissions prior to the implementation of national lock 

downs or responses. This is likely due to patients’ fear of attending hospitals once numbers of cases rose 

quickly across Europe. Planned surgery for hip and knee replacements also tails off prior to lock downs and 

is likely due to planning to make beds available for care of COVID-19 patients and perhaps patients’ 

reluctance to receive care at that time. There are some differences between countries in the extend and 

timing of changes. 

In Wales, there was a profound impact in stroke admissions in Wales in March and April 2020, and an even 

larger reduction in admissions due to myocardial infarctions.  Knee replacement surgery fell by an even 

greater amount and remained suppressed until late 2021 when there was a partial improvement, but rates 

remain below normal. The pattern for hip replacement is similar. 

The pattern for severe trauma admissions is quite different from all the others. There was an initial major 

dip prior to lockdown, which is probably related to reductions in exposures when people were travelling 

less and staying away from others but would need confirmatory sub-analyses by cause of injury. This was 

followed by a fairly quick return to usual or even elevated rates. It may be that reductions in physical 

activity from social distancing and increasing frailty may have increased the number of home injuries but 

again this is speculation which requires further, more detailed investigation. 

The results in Austria show a similar picture to that in Wales in relation to the initial disruption to health 

services for treatment for strokes and heart attacks. The time taken to recover capacity for hip and knee 

replacements appears to be considerably shorter.  

The data from Finland demonstrate a different picture. Disruption to acute services for stroke, heart attacks 

and trauma appear to be much smaller than in Wales or Austria, if they exist at all. The impact on elective 

hip and knee replacements was more noticeable and similar to the pattern in Austria with a return to usual 

levels by June 2020. 

The picture in Croatia is also slightly different from the others. The numbers of strokes and heart attacks 

admitted in 2020 appears lower than other years but further analyses using confidence intervals is needed 

to determine if the change is within yearly fluctuations. Hip and knee replacement surgery returned to 

normal levels by the end of June 2020. 

 

Socio-economic analyses.  

Wales was the only country able to analyse data by socio-economic status by the deadline. Socioeconomic 

status was derived by dividing some 2000 small areas called Lower Super Output Areas (LSOAs) and ranking 

these into fifths based on the Welsh Index of Multiple Deprivation (WIMD). 

In Wales, the patterns of admission by socio-economic status changed a little during the pandemic. Ratios 

above 1 show higher incidence in the most deprived fifth of the population than the least deprived. The 

well-known higher rates of stroke, heart attacks in deprived communities changed little during the 

pandemic.  Hip and knee replacements are less common in deprived communities and access to these 

services appears to have worsened during the pandemic for the most deprived groups. However, further 

work is needed to check the statistical significance of any changes. 

As more countries come on board and implement the DOCKER solution we plan to extend the analyses, 

comparing the relationship between infection rates and hospital admissions for the conditions in Use Case 

A between and within countries, using European age standardised rates and confidence intervals. 

 



 18 

 

www.phiri.eu 

References 

1. World Health Organization. Coronavirus disease (COVID-19) pandemic 2022. European dashboard. 

https://who.maps.arcgis.com/apps/dashboards/ead3c6475654481ca51c248d52ab9c61%20accesse

d%2029/05/22  

2. Mansfield KE, Mathur R, Tazare J, et al. Indirect acute effects of the COVID-19 pandemic on physical 

and mental health in the UK: a population-based study. Lancet Digit Health. 2021; 

https://doi.org/10.1016/S2589-7500(21)00017-0 

3. Greene G,  Griffiths R, Han J et al. Impact of the SARS-CoV-2 pandemic on the female breast, 

colorectal and non-small cell lung cancer incidence, stage and healthcare pathway to diagnosis during 

2020 in Wales, UK using a national cancer clinical record system. Brit J Cancer 2022. 

https://doi.org/10.1038/s41416-022-01830-6 

4. Ball S, Banerjee A, Berry C CVD-COVID-UK Consortium, et al Monitoring indirect impact of COVID-19 

pandemic on services for cardiovascular diseases in the UK Heart 2020;106:1890-1897 

5. Alsallakh MA, Sivakumaran S, Kennedy S et a. Impact of COVID-19 lockdown on the incidence and 

mortality of acute exacerbations of chronic obstructive pulmonary disease: national interrupted time 

series analyses for Scotland and Wales. BMC Med 19, 124 (2021). https://doi.org/10.1186/s12916-

021-02000-w 

6. Davies GA, Alsallakh M, Sivakumaran S, et al. Impact of COVID-19 lockdown on emergency asthma 

admissions and deaths: national interrupted time series analyses for Scotland and Wales. Thorax 

2021 https://doi.org/10.1136/thoraxjnl-2020-216380 

7. Dobbs TD, Gibson JAG, Fowler AJ et al. Surgical activity in England and Wales during the COVID-19 

pandemic: a nationwide observational cohort study. British Journal of Anaesthesia 2021 

https://doi.org/10.1016/j.bja.2021.05.001 

8. GA, Alsallakh M, Sivakumaran S, et al. Impact of COVID-19 lockdown on emergency asthma 

admissions and deaths: national interrupted time series analyses for Scotland and Wales. Thorax 

2021 https://doi.org/10.1136/thoraxjnl-2020-216380 

9. Clift AK, Coupland CAC, Keogh R, et al. Living risk prediction algorithm (QCOVID) for risk of hospital 

admission and mortality from coronavirus 19 in adults: national derivation and validation cohort. 

BMJ 2020;371:m3731 https://doi.org/10.1136/bmj.m3731 

10. Lyons J, Nafilyan V, Akbari A et al. Validating the QCOVID risk prediction algorithm for risk of mortality 

from COVID-19 in the adult population in Wales, UK, IJPDS 2022 5:4:13.  

https://doi.org/10.23889/ijpds.v5i4.1697 

11. Cryer C, Miller TR, Lyons RA, et al. Towards valid ‘serious non-fatal injury’ indicators for international 

comparisons based on probability of admission estimates. Injury Prevention 2017;23:47-

57.http://dx.doi.org/10.1136/injuryprev-2016-042020 

  

  

https://who.maps.arcgis.com/apps/dashboards/ead3c6475654481ca51c248d52ab9c61%20accessed%2029/05/22
https://who.maps.arcgis.com/apps/dashboards/ead3c6475654481ca51c248d52ab9c61%20accessed%2029/05/22
https://doi.org/10.1016/S2589-7500(21)00017-0
https://doi.org/10.1038/s41416-022-01830-6
https://doi.org/10.1186/s12916-021-02000-w
https://doi.org/10.1186/s12916-021-02000-w
https://doi.org/10.1136/thoraxjnl-2020-216380
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdoi.org%2F10.1016%2Fj.bja.2021.05.001&data=04%7C01%7CR.A.Lyons%40Swansea.ac.uk%7C74a8d7a310f5461c1bd608d9914b9a34%7Cbbcab52e9fbe43d6a2f39f66c43df268%7C0%7C0%7C637700576153826965%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=zSr8%2FjSa4LvU6zzuAN8MToLXkBY4JJsXon9kF1CysX4%3D&reserved=0
https://doi.org/10.1136/thoraxjnl-2020-216380
https://doi.org/10.1136/bmj.m3731
https://doi.org/10.23889/ijpds.v5i4.1697


 19 

 

www.phiri.eu 

Appendices 

Appendix 1. Data hubs technical capabilities and data accessibility survey
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Appendix 2. Use case A common data model availability survey 

 



     

Appendix 3. Final version of the common data model of use case A 
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Appendix 4. Final list of participating hubs 
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