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Geographical information systems (GIS) allow users to work with accumulated data to store, investigate and analyse, allowing users the ability to present this in the most appropriate way. There have been many uses of GIS in assorted studies, from creating thematic mapping for groundwater resources and groundwater recharge sites for planning and management, to providing cheaper decision-making tools in developing countries.

The measles, mumps and rubella (MMR) vaccination was introduced in 1988 and saw incidences dropping to low levels but following a discredited study in 1998 linking the MMR vaccine to autism, the MMR vaccine uptake began to decline, and measles cases began to rise, cumulating in a measles outbreak within Swansea between November 2012 and July 2013.

This report investigates why measles became prevalent in Wales between 2012/13 and 2022/23, the hypotheses being examined, and the data retrieved from various sources for analysis and interpretation within MapInfo to find any potential patterns and trends, with the report providing a conclusion and any recommendations from the findings, as well as future research ideas. 
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Geographical information systems (GIS) allow users to work with accumulated data via spatial and vector geographical information to store, investigate, analyse, and present in the most appropriate way by thematic maps and different layers [1]. GIS are used in various studies, from usage in creating thematic mapping for groundwater resources and recharge sites in water resource planning and management in Ethiopia [2], to combining Google Earth usage with GIS data and Global Positioning System (GPS) tracking, providing inexpensive decision-making tools in developing countries, like urban household surveys within Cameroon [3].

The measles vaccination was introduced in 1968, with the measles, mumps, and rubella (MMR) vaccination introduced in 1988 to remarkable success, with incidences dropping to extremely low levels. Following a discredited study in 1998 linking the MMR vaccine to autism and subsequent media coverage, the MMR vaccine uptake began to decline, and measles cases rose [4]. This continual decline in Wales resulted in a measles outbreak in Swansea in November 2012, resulting in over 1,200 people becoming ill [5]. 

This report investigates why measles became prevalent within Wales between 2012/13 and 2022/23, the hypothesis to be examined, and the data retrieval for analysis and interpretation within MapInfo (a GIS used to upload, analyse, and interpret spatial data [6]) to find any patterns and trends. The report concludes with any recommendations from the findings, with future research ideas. While data can be manipulated to form narratives, data must be analysed and interpreted logically to produce meaningful findings and conclusions to assist with informed decision-making.









[bookmark: _Toc118725081][bookmark: _Toc155890301]Hypothesis

This analysis focuses on two areas that could affect the reduction in MMR uptake in Wales. These areas are as follows:

· Deprivation 
· Disproportion of ethnic groups

Deprivation is classed as relative socioeconomic status and income between others within different social groups, where income and health inequalities can lead to higher mortality rates [7]. In England and Wales, the Index of Multiple Deprivation (IMD) is used to measure deprivation in areas like income and employment, with lower scores indicating higher deprivation [8]. This is used with the Townsend Deprivation Index (TDI), which measures material deprivation by unemployment, home ownership, car ownership, and household overcrowding [9]. As deprivation is linked to poorer health and conditions, there could be a link that the more deprived people are, the lower the MMR vaccination uptake.

During the beginning of the coronavirus pandemic, reports emerged that ethnic minority groups were at higher risk of dying after contracting the virus. According to Platt [10], April 2020 hospital admissions showed evidence of higher mortality rates among black and Asian patients, while May 2020 evidenced almost all ethnic minority groups having a higher fatality risk compared to white British of similar age. This was further evidenced in a Public Health England report of coronavirus deaths, whereby Bangladeshi’s had twice the risk of death, with Chinese, Caribbean, and other Asian and black ethnicities between 10% to 50% at higher risk of death [11]. Due to these reported health inequalities between ethnic minority groups and white British, there could be reduced MMR uptake within ethnic minority groups.

As a result, the hypothesis of this report is:

1. H0 (Null hypothesis) = There are no significant patterns or trends between deprivation, ethnic minority groups, and the MMR uptake
2. H1 or Ha (Alternative Hypothesis) = There are significant patterns or trends between deprivation, ethnic minority groups, and the MMR uptake

[bookmark: _Toc118725082][bookmark: _Toc155890302]Methodology

The methodology describes the datasets required to analyse the data and determine whether the hypothesis is proven, allowing for informed results and recommendations on how to improve the MMR uptake.

The required data is as follows:

· Local/Unitary authority boundary data from UK Data Service (data management service providing high volumes of collated social and population data in the UK [12]) – This provides a breakdown by local authority for improved clarity and visualisation, providing the breakdown of MMR coverage via thematic mapping like how coronavirus deaths were recorded by Public Health Wales (PHW) during the pandemic [13].
· MMR coverage immunisation data from Health Map Wales (a tool providing health data in Wales like life expectancy and hospital admissions [14]) – This provides a breakdown of MMR coverage data and is the required raw data for the analysis of MMR coverage. It has been retrieved via local authority between 2015/16 and 2021/22. Below is an extract of data retrieved for ‘MMR coverage (1 dose) by age 16 (% uptake)’ by local authorities.
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[bookmark: _Toc155890318]Fig. 1 Health Map Wales© Extract of 1st dose MMR Coverage by Local Authority

· Older and newer MMR uptake immunisation data from Stats Wales (free service allowing users to view and manipulate Welsh data [15]) and PHW – Stats Wales provide extra MMR coverage data before 2015/16, with PHW providing the most recent complete figures for 2022/23, allowing further analysis to cover the required period with a complete dataset. Below is an extract of data retrieved for ‘MMR 2nd dose by age 16 (% uptake)’ for the periods 2012/13, 2013/14, 2014/15, and 2022/23 by local authorities, forming a complete dataset.
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[bookmark: _Toc155890319]Fig. 2 Stats Wales© and Public Health Wales© Extract of MMR Coverage by Local Authority

· Ethnicity data from Infuse (free service providing data from 2001 and 2011 UK censuses [16]) – This provides the required breakdown by ethnicity from the 2011 census, retrieved by local authorities and allows data analysis of ethnicity to compare with deprivation levels, confirming if the MMR uptake is disproportionately affecting ethnic minority groups. Below is an extract of data retrieved for ethnicity group by local authorities.
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[bookmark: _Toc155890320]Fig. 3 InFuse© Extract of Ethnicity Groups by Local Authority

· Deprivation data from Infuse – This provides the required breakdown by deprivation from the 2011 census, retrieved by local authorities for consistency. This will use the Townsend Index to analyse deprivation levels, comparing the deprivation levels with ethnicity groups to analyse MMR coverage in these areas. Below is an extract of data retrieved for material deprivation by local authorities.
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[bookmark: _Toc155890321]Fig. 4 InFuse© Extract of Material Deprivation by Local Authority

The above data will assist with finding any patterns and trends between MMR coverage, deprivation, and ethnicity groups to determine if the hypothesis has been proven or not.
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[bookmark: _Toc155890304]MMR Uptake in Wales

For an underlying generalisation of MMR coverage in Wales, and with all areas geocoded for improved reliability, the data periods used (2012/13, 2017/18, and 2022/23) represent the beginning, middle, and end of the 11-year period to best describe the MMR coverage over a period. All MMR coverage data is visualised to show Wales in green, cream, and red, indicating the local authority areas having the highest and lowest MMR coverage, highlighting any areas appearing to have continually lower uptakes. This provides the best visual representation to show any patterns and trends quickly and effectively [17].

For the 1st dose coverage in 2012/13, while 5 local authorities had a 1st dosage coverage of at least 95% (with Flintshire the highest at 97%), 9 local authorities had a 1st dose coverage of less than 90% (with Monmouthshire the lowest at 81.8%), providing a Welsh average of 91.3%.
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[bookmark: _Toc155890322]Fig. 5 1st Dose MMR Coverage in Wales – 2012/13
However, the 2nd MMR dosage coverage in 2012/13 was worse, with 17 local authorities recording less than 90%, with Powys the lowest at 75.3%, providing a Welsh average of 81.7%.
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[bookmark: _Toc155890323]Fig. 6 2nd Dose MMR Coverage in Wales – 2012/13

Comparing the 1st and 2nd MMR coverage for 2012/13, the highest MMR coverage within Wales are areas in North Wales, potentially indicating why there have been no outbreaks of measles in North Wales compared to areas of South Wales. However, there appears to be reluctance for the 2nd dose, meaning that with the 1st dose not providing protection, it could partially explain the measles outbreak in 2012.







For the 1st dose coverage in 2017/18, most local authorities in Wales had moderate MMR coverage between 90.1% and 94.4%, with 3 local authorities recording at least 95% (Torfaen the highest at 96.4%) and 2 local authorities recording less than 90% (Monmouthshire the lowest at 84.6%), providing a Welsh average of 92.3%, a small increase compared to 2012/13.

[image: ]
[bookmark: _Toc155890324]Fig. 7 1st Dose MMR Coverage in Wales – 2017/18











However, like in 2012/13, the 2nd MMR dosage coverage in 2017/18 was worse, with 17 local authorities recording less than 90% (Monmouthshire the lowest at 77.7%), providing a Welsh average of 86.9%, which while higher than in 2012/13, is still worse than the 1st dose coverage.
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[bookmark: _Toc155890325]Fig. 8 2nd Dose MMR Coverage in Wales – 2017/18

Comparing both periods, North Wales continues to have high MMR coverage compared to the rest of Wales, though Monmouthshire continues to have low MMR coverage. This could be due to the low population and density within Monmouthshire, though other local authorities like Anglesey and Denbighshire with similar populations and densities have continuously higher uptakes. Overall, there is an increase in the MMR uptake, suggesting that the measles outbreak in 2012 may have prompted parents to have their children vaccinated. However, while the 2nd dose coverage increased, there is still reluctance towards the 2nd MMR dose.




For the 1st dose coverage in 2022/23, there is high coverage in Wales, with 11 local authorities recording at least 95% (with Neath Port Talbot and Caerphilly at 97.3% and 97.1% respectively), providing a Welsh average of 94.8%, a notable increase compared to previous periods.
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[bookmark: _Toc155890326]Fig. 9 1st Dose MMR Coverage in Wales – 2022/23












However, like previous periods, the 2nd MMR dosage coverage in 2022/23 was worse, though did improve comparatively. 5 local authorities were recording less than 90% (with Pembrokeshire the lowest at 86.8%), though Torfaen recorded a high 2nd dose coverage of 95.3%. This provided a Welsh average of 91.3% and while still worse than the 1st dose coverage, the gap between the 1st and 2nd dose coverage is closer than previous periods.
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[bookmark: _Toc155890327]Fig. 10 2nd Dose MMR Coverage in Wales – 2022/23

Compared to previous periods, North Wales and parts of the South Wales valleys continued to have the highest coverage of the MMR vaccination, with Cardiff having some of the lowest vaccination coverage. However, compared to previous periods, there is a decrease in the 1st dose MMR uptake, suggesting a reluctance again to have the MMR vaccination, though increases in the 2nd dose and overall MMR coverage suggest that children are being fully vaccinated. 





[bookmark: _Toc155890305]Ethnicity

This builds on the MMR uptake data previously used to highlight the following ethnicity groups.

· Mixed (black and white) ethnicity
· Asian (including Indian and Chinese) ethnicity.
· Black (including African and Caribbean) ethnicity.
· Other (including Arab) ethnicity.

All ethnicity data is visualised by local authority and by the proportion size in each area, whereby the bigger they are, the bigger the ethnicity representation within that area.






















[bookmark: _Toc155890306]Mixed Ethnicities

For the 1st dose coverage in 2012/13, while Cardiff, Newport, and the Vale of Glamorgan (the highest proportion of mixed ethnicity groups at 2.90%, 1.89%, and 1.34% respectively) had lower 1st dose coverages at 89.9%, 87.7% and 89.8% respectively, Monmouthshire (81.8%) and Powys (86.4%) with smaller proportions had lower coverage, while North Wales with higher proportions had higher coverage.
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[bookmark: _Toc155890328]Fig. 11 1st Dose MMR Coverage by Mixed Ethnicity in Wales – 2012/13








For the 2nd MMR dose coverage in 2012/13, there is little evidence to suggest a link with the disproportion of mixed ethnicities, as while Newport had one of the lowest coverage rates (78.2%), Monmouthshire, Carmarthenshire, and Powys with smaller proportions had low uptakes (69.8%, 78.4% and 75.3% respectively).
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[bookmark: _Toc155890329]Fig. 12 2nd Dose MMR Coverage by Mixed Ethnicity in Wales – 2012/13











For the 1st dose coverage in 2017/18, while Cardiff had low coverage (90.7%), Newport and Vale of Glamorgan with similar proportions had coverage of 93.3% and 92.2% respectively, while Monmouthshire and Denbighshire with smaller proportions had lower coverage (84.6% and 89.6% respectively).
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[bookmark: _Toc155890330]Fig. 13 1st Dose MMR Coverage by Mixed Ethnicity in Wales – 2017/18











For the 2nd MMR dosage coverage in 2017/18, most of Wales recorded less than 90% coverage (Monmouthshire the lowest at 77.7%). However, while Cardiff recorded low coverage (84.2%), areas like Powys and Denbighshire continue to have lower coverage with smaller proportions (83.2% and 86% respectively).
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[bookmark: _Toc155890331]Fig. 14 2nd Dose MMR Coverage by Mixed Ethnicity in Wales – 2017/18











For the 1st dose coverage in 2022/23, there was high coverage throughout Wales, and while Cardiff had low coverage (93.4%), areas like Carmarthenshire and Pembrokeshire also recorded lower coverages (93.5% and 92.6% respectively), despite having lower proportions.

[image: A map of wales with people on it

Description automatically generated]
[bookmark: _Toc155890332]Fig. 15 1st Dose MMR Coverage by Mixed Ethnicity in Wales – 2022/23












For the 2nd MMR dosage coverage in 2022/23, Cardiff again had low coverage (88.7%), though areas like Monmouthshire and Pembrokeshire also recorded low coverage (88.8% and 86.8% respectively), while Wrexham, having a slightly smaller proportion compared to Newport and the Vale of Glamorgan, had a high coverage (94.2%).
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[bookmark: _Toc155890333]Fig. 16 2nd Dose MMR Coverage by Mixed Ethnicity in Wales – 2022/23
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For the 1st dose coverage in 2012/13, the areas with the highest Asian ethnicity proportions (Cardiff, Newport, and Swansea with 8.06%, 5.48%, and 3.26% respectively) showed low coverage (89.9%, 87.7%, and 89.1% respectively), though areas like Carmarthenshire (89.4%) and Monmouthshire (81.8%) had similar or lower coverage, with Anglesey showing a high coverage (96%), despite having a smaller proportion.
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[bookmark: _Toc155890334]Fig. 17 1st Dose MMR Coverage by Asian Ethnicity in Wales – 2012/13








For the 2nd MMR dosage coverage in 2012/13, there is little evidence of links with the disproportion of Asian ethnicities, as while Newport and Swansea had low coverages (78.2% and 78.7% respectively), areas like Pembrokeshire, Caerphilly and Powys with smaller proportions also had low uptakes (80%, 78.6% and 75.3% respectively).
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[bookmark: _Toc155890335]Fig. 18 2nd Dose MMR Coverage by Asian Ethnicity in Wales – 2012/13











For the 1st dose coverage in 2017/18, while Cardiff and Swansea had low coverages (90.7% and 91.8% respectively), Monmouthshire (84.6%) and Denbighshire (89.6%) with smaller proportions had lower uptakes, with areas like Wrexham with a higher proportion had high coverage (95.5%).
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[bookmark: _Toc155890336]Fig. 19 1st Dose MMR Coverage by Asian Ethnicity in Wales – 2017/18












For the 2nd MMR dosage coverage in 2017/18, while Cardiff and Swansea recorded low coverages (84.2% and 85.4% respectively), areas like Conwy and Powys also had low coverages (86.1% and 83.2% respectively), despite smaller proportions.
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[bookmark: _Toc155890337]Fig. 20 2nd Dose MMR Coverage by Asian Ethnicity in Wales – 2017/18












For the 1st dose coverage in 2022/23, while Cardiff, Newport, and Swansea had lower coverages (93.4%, 93.6%, and 94% respectively), areas like Monmouthshire and Powys also recorded low coverages (91.7% and 93.6% respectively), despite having smaller proportions.
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[bookmark: _Toc155890338]Fig. 21 1st Dose MMR Coverage by Asian Ethnicity in Wales – 2022/23












For the 2nd MMR dosage coverage in 2022/23, Cardiff and Newport had low coverages (88.7% and 89.6% respectively), though areas like Carmarthenshire and Pembrokeshire also recorded low coverages (89.8% and 86.8% respectively), while Torfaen with a smaller proportion had the highest coverage (95.3%).
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[bookmark: _Toc155890339]Fig. 22 2nd Dose MMR Coverage by Asian Ethnicity in Wales – 2022/23











[bookmark: _Toc155890308]Black Ethnicities

For the 1st dose coverage in 2012/13, the areas with the highest proportion of black ethnicity (Cardiff, Newport, and Swansea with 2.37%, 1.74%, and 0.83% respectively) showed low coverages (89.9%, 87.7%, and 89.1% respectively), though smaller representations in areas like Pembrokeshire (89.9%), Powys (86.4%) and Caerphilly (89.7%) had similar or lower coverage, with North Wales areas like Conwy (96.3%) and Flintshire (97%) showing high coverage rates, despite vastly lower proportions (0.17% and 0.09% respectively).
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[bookmark: _Toc155890340]Fig. 23 1st Dose MMR Coverage by Black Ethnicity in Wales – 2012/13







For the 2nd MMR dosage coverage in 2012/13, there was minimal evidence confirming links with disproportion of black ethnicities, as while more densely populated areas like Cardiff (81.6%) had low coverage, most of Wales had low coverage, with smaller proportion areas like Carmarthenshire and Monmouthshire having low coverages (78.4% and 69.8% respectively).
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[bookmark: _Toc155890341]Fig. 24 2nd Dose MMR Coverage by Black Ethnicity in Wales – 2012/13










For the 1st dose coverage in 2017/18, while Cardiff and Swansea had lower coverages, areas like Powys with smaller proportions also had low coverage (90.1%), while areas like Rhondda-Cynon-Taf with a higher proportion had higher coverage (94.4%).
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[bookmark: _Toc155890342]Fig. 25 1st Dose MMR Coverage by Black Ethnicity in Wales – 2017/18












For the 2nd MMR dosage coverage in 2017/18, while bigger areas like Cardiff, Swansea, and Vale of Glamorgan had lower coverage, areas like Merthyr Tydfil and Pembrokeshire also had lower coverage with a smaller proportion (87.7% and 87.3% respectively).
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[bookmark: _Toc155890343]Fig. 26 2nd Dose MMR Coverage by Black Ethnicity in Wales – 2017/18












For the 1st dose coverage in 2022/23, while some built-up areas had some of the lowest coverages, areas like Pembrokeshire (92.6%) also recorded low coverage, despite having a lower proportion.
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[bookmark: _Toc155890344]Fig. 27 1st Dose MMR Coverage by Black Ethnicity in Wales – 2022/23













For the 2nd MMR dosage coverage in 2022/23, some built-up areas like Swansea (90.8%) had low coverage, though areas like Monmouthshire and Powys also recorded low coverages (88.8% and 90% respectively), despite lower proportions, while more built-up area like Rhondda-Cynon-Taf had high coverage (94.7%).
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[bookmark: _Toc155890345]Fig. 28 2nd Dose MMR Coverage by Black Ethnicity in Wales – 2022/23











[bookmark: _Toc155890309]Other Ethnicities

For the 1st dose coverage in 2012/13, the areas with the highest proportion of other ethnicities (Cardiff, Swansea, and Newport with 1.98%, 1.00%, and 0.99% respectively) showed low coverages, though smaller representations in areas like Monmouthshire (81.8%) had similar or lower coverage, while areas like Denbighshire (96%) showed high coverage rates, despite a lower proportion (0.15%).
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[bookmark: _Toc155890346]Fig. 29 1st Dose MMR Coverage by Other Ethnicity in Wales – 2012/13








For the 2nd MMR dosage coverage in 2012/13, there was minimal evidence showing links with other ethnicity disproportions, as while Cardiff had low coverage (81.6%), areas like Powys (75.3%) with a smaller proportion also had low coverage.
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[bookmark: _Toc155890347]Fig. 30 2nd Dose MMR Coverage by Other Ethnicity in Wales – 2012/13












For the 1st dose coverage in 2017/18, while some built-up areas like Neath Port Talbot and Vale of Glamorgan had lower coverages (92.4% and 92.2% respectively), areas like Powys (90.1%) and Pembrokeshire (92.5%) with smaller proportions had similar or lower coverages, while areas like Gwynedd with a higher proportion had higher coverage (94.3%).
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[bookmark: _Toc155890348]Fig. 31 1st Dose MMR Coverage by Other Ethnicity in Wales – 2017/18











For the 2nd MMR dosage coverage in 2017/18, like other ethnic minorities, some built-up areas recorded low coverages, though other built-up areas like Wrexham (93.4%) and Caerphilly (92.1%) had high coverages. More rural areas like Pembrokeshire (87.3%), despite having a smaller proportion, had low coverages.
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[bookmark: _Toc155890349]Fig. 32 2nd Dose MMR Coverage by Other Ethnicity in Wales – 2017/18










For the 1st dose coverage in 2022/23, while some built-up areas had low coverages, areas like Pembrokeshire (92.6%) and Carmarthenshire (93.5%) also recorded low coverage rates, despite having lower proportions.
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[bookmark: _Toc155890350]Fig. 33 1st Dose MMR Coverage by Other Ethnicity in Wales – 2022/23












For the 2nd MMR dosage coverage in 2022/23, built-up areas like Swansea (90.8%) had low coverage, though areas like Powys (90%) also recorded low coverages, while smaller proportion areas like Neath Port Talbot had a high coverage at 94%.
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[bookmark: _Toc155890351]Fig. 34 2nd Dose MMR Coverage by Other Ethnicity in Wales – 2022/23












[bookmark: _Toc155890310]Deprivation

The deprivation levels were calculated via the Townsend Index, whereby areas with higher positive scores show more deprivation, and areas with higher negative scores show lower deprivation [18]. 

This uses previous ethnicity data to analyse whether there are links between higher proportions of ethnic minority groups and deprivation within local authorities, analysing the MMR 1st and 2nd dose coverage to deprivation and ethnicity groups to investigate any patterns and trends. The deprivation levels are visualised by colour shadings, whereby lighter areas indicate lower deprivation and darker areas indicate higher deprivation.























[bookmark: _Toc155890311]Mixed Ethnicities

The highest deprivation levels occur within Cardiff, Newport, Merthyr Tydfil, and Blaenau Gwent, of which the highest proportions are in Cardiff and Newport, indicating that mixed ethnicity groups experience higher deprivation. However, compared to other areas, Merthyr Tydfil has a comparable proportion (0.79%) to less deprived areas like Gwynedd (0.79%) and Conwy (0.78%), while Blaenau Gwent (0.56%) has a low proportion and is comparable to affluent areas like Powys (0.57%) and Pembrokeshire (0.60%). The Vale of Glamorgan also has low deprivation, despite having the third highest proportion (1.34%).
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[bookmark: _Toc155890352]Fig. 35 Deprivation by Mixed Ethnicity

When comparing MMR coverages over the three periods, Cardiff consistently had low coverage, indicating that with high deprivation levels and the highest proportion, there is a link with the low MMR coverage. However, while Newport also recorded low coverage rates, affluent areas like Monmouthshire and Powys consistently recorded low MMR coverages and had low proportions.































[bookmark: _Toc155890312]Asian Ethnicities

The highest ethnic proportions are in Cardiff, Newport, and Swansea, indicating that they experience high deprivation. However, Blaenau Gwent has comparable proportions (0.69%) to less deprived areas like Anglesey (0.70%) and Pembrokeshire (0.97%). Ceredigion, despite having a high proportion (1.45%), has low deprivation.
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[bookmark: _Toc155890353]Fig. 36 Deprivation by Asian Ethnicity

Comparing the MMR coverage and Asian ethnicity proportions over the three periods shows that Cardiff continues to show links with deprivation affecting Asian ethnic groups, with Swansea and Newport, while not as low a coverage by comparison, also showing high deprivation with high proportions. However, despite comparable deprivation to Swansea, Wrexham has one of the highest consistent MMR coverage rates in Wales, despite having one of the highest ethnic proportions.
[bookmark: _Toc155890313]Black Ethnicities

The highest proportion of black ethnicities are also within Cardiff, Newport, and Swansea, indicating that black ethnicities also experience high deprivation. However, Blaenau Gwent has an extremely low proportion (0.14%), comparable to less deprived areas like Anglesey (0.12%) and Powys (0.10%). The Vale of Glamorgan has low deprivation, despite having a high proportion (0.39%).
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[bookmark: _Toc155890354]Fig. 37 Deprivation by Black Ethnicity

As with other ethnicities, Cardiff continues to show links between high deprivation, high ethnicity proportions, and low MMR coverage. Swansea and Newport show similar patterns to Cardiff, with high deprivation and higher proportions, though show slightly higher MMR coverage. However, while having lower deprivation levels, Rhondda-Cynon-Taf has consistently high MMR coverage, despite having a higher proportion (0.56%).

[bookmark: _Toc155890314]Other Ethnicities

The highest proportions continue to be in Cardiff, Newport, and Swansea, though areas like Caerphilly (0.11%), Blaenau Gwent (0.13%) and Torfaen (0.10%) have comparable proportions to less deprived areas like Monmouthshire (0.14%), Powys (0.09%) and Carmarthenshire (0.17%). 

[image: A map of wales with people in different colors

Description automatically generated]
[bookmark: _Toc155890355]Fig. 38 Deprivation by Other Ethnicity

As before, Cardiff continues to show links between deprivation and other ethnic groups, with Swansea and Newport also continuing to show high deprivation with high proportions. While having higher levels of affluence, Ceredigion has higher proportions of other ethnicities and one of the lowest MMR coverages in Wales.


[bookmark: _Toc155890315]Overall Results

There is evidence of trends in more built-up areas, whereby Wales’s three main cities (Cardiff, Swansea, and Newport) all show high deprivation and the highest ethnicity proportions, suggesting that those in ethnic minority groups will have higher deprivation in these cities and possibly not receiving the MMR vaccination, as the low coverage (especially for the 2nd dose) confirms.

However, conflicting evidence shows affluent areas like Monmouthshire and Powys, despite having extremely low ethnicity proportions compared to other areas, also have low MMR coverages worse than Cardiff, Swansea, and Newport. This is similar for Pembrokeshire and Carmarthenshire, whereby both areas have low deprivation and low ethnicity proportions but have some of the lower MMR coverage rates. The opposite is also evident, whereby areas in North Wales, while not having as high deprivation as the three cities and the South Wales valleys, have high deprivation and higher ethnicity proportions, but consistently had some of the highest MMR coverage rates, suggesting that while some areas like Anglesey and Flintshire are more affluent, have low ethnicity proportions and high MMR coverage rates, it is not consistent with the rest of Wales.

Following these findings, while some areas show patterns between high deprivation, high ethnicity proportions, and low MMR coverage in Wales (as well as low deprivation, low ethnicity proportions, and high MMR coverage), this is inconsistent and while there are some patterns and trends, there is not enough evidence to show that there are significant patterns between deprivation levels, the MMR uptake and ethnic minority groups being disproportionately affected. Therefore, the null hypothesis must be accepted.









[bookmark: _Toc118725096][bookmark: _Toc155890316]Conclusion

While the analysis and findings did not find significant correlations between deprivation and MMR coverage disproportionately affecting ethnic minority groups, there is evidence that there are inequalities within Wales regarding childhood vaccinations, especially in more densely populated areas. This is evidenced by the Inequalities in uptake of routine childhood immunisations in Wales 2022-23 report [19], whereby areas covered by Cardiff and Vale health board were worse for child immunisation rates compared to other health boards, while the most deprived areas within each health board performed the worst, proving that ethnic minority groups are disproportionately affected for general childhood vaccinations. 

A recommendation is to consider a public health campaign in Cardiff and Newport, as these areas had continuously low MMR coverage, high deprivation, and the highest proportion of ethnic minority groups, meaning that these ethnic groups may be disproportionately affected as a result.

For future research, demographic data from the 2021 census would be more appropriate when available, as the data will be up-to-date and more accurate, improving decision-making on areas like targeting specific healthcare drives, improving public services, and improving public access to new and existing services.

Extra research could be undertaken on specific local authorities like Cardiff and Newport via the Middle Layer Super Outer Area (MSOA) and Lower Layer Super Outer Area (LSOA), investigating if any areas have low MMR coverages and uptakes, if they are more deprived than others and if they have higher numbers of any ethnic minority groups. This could also be considered for areas like Monmouthshire and Powys where, despite the affluence and lower ethnicity proportions, there continues to be low MMR coverage.

Other research can include the proximity of public services like GP surgeries, as rural areas are less likely to have good access and may need to travel long distances to access services. This could explain the low MMR coverage in areas like Powys and Pembrokeshire due to the rural environment, compared to urban areas like Rhondda-Cynon-Taf and Caerphilly. This can include detailing the GP surgery numbers within an area and the distance to get there, as well as detailing the public transport that is available in these areas.
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91.7
93.1
91.9
93.3
84.7
87.5

86
89.7

915
92.9
87.4
86.9
90.7
915
89.7
87.8
88.3
84.8
87.2
89.9
89.3
85.6

90
93.3

91
91.2
80.6
85.3
82.8
90.3

89.2
91.2
86.1

86
90.4.
93.4
87.8
87.3
89.3
85.4
86.2
89.4
86.3
84.2
87.8
92.1
89.7
92.5
77.7
87.7
83.2
87.7

93.1
93.7
90.9
86.5
91.9
94.6
916
87.8
91.3
85.3
90.2
87.9
89.7
83.8
90.7
93.2
93.5
92.9
86.7
89.5
87.2
86.5

93.1

95
92.3

90
92.5
92.9
91.7
90.6.
90.5
89.7
90.5
90.1
89.3
87.4
915
94.3
94.2
94.1
88.5
88.3
87.8

90

92

94
90.9
90.9
92.5
94.8
92.2
90.5

92
89.7
91.4
90.4.
90.4.
87.3
92.4
94.8
95.6.
94.6
91.1
91.7
88.5
92.4

94.1
95.2
92.4
92.1
915
93.8

91
90.5
90.8.
90.3
92.8
916
90.7
87.9
92.5
95.1
94.9
93.6
89.1
90.2
87.5
90.5

93.1
94.4
92.2
90.8

92
94.2
91.2
86.8
89.8
90.8

94

92
915
88.7
94.7
94.5
93.5
95.3

89.6
90
92.5




