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[bookmark: _Toc241025863]ABSTRACT
Background: Vitamin D deficiency is a major public health concern in the United Kingdom (UK), particularly among ethnic minority groups. Ethnic group, demographic, socioeconomic, cultural and lifestyle factors, sun exposure and the amount of vitamin D consumed or taken as a supplement have been identified as factors affecting vitamin D status. The determinants of vitamin D deficiency among ethnic minority groups in the UK remain unclear. The aim of this systematic review was to evaluate the prevalence and risk factors for vitamin D deficiency in ethnic minority groups in the UK, specifically those relating to demographic, cultural, lifestyle and socioeconomic factors. 
Methods: The Medline, PubMed, Embase, Scopus, Web of Science, CINAHL, and Google Scholar search engines were used to search for articles from 24 July to 2 August 2026. Eligible studies were identified and selected according to predefined inclusion and exclusion criteria using the PRISMA 2020 framework. Relevant information was extracted from the included studies, including participant characteristics, ethnicity, vitamin D status, demographic, socioeconomic, lifestyle, environmental and cultural factors, and supplementation practises. The Joanna Briggs Institute and Critical Appraisal Skills Programme tools were used to evaluate the quality of the studies and thematic synthesis was used to synthesise the findings. 
Results: Fifteen studies met the inclusion criteria: eight cross-sectional, two qualitative, three cohort and two case-control studies. Five themes arose: ethnicity; socioeconomic determinants; lifestyle, environment and occupational factors; knowledge, awareness and cultural perceptions; and supplementation and prevention. There was a higher prevalence of vitamin D deficiency in the population of South Asian and Black. Season, sunlight exposure, diet, supplementation, socioeconomic circumstances and cultural factors were also associated with vitamin D status. 
Conclusions: Ethnic minority groups in the UK are at increased risk of vitamin D deficiency due to interacting demographic, socioeconomic, cultural, lifestyle and environmental factors. Targeted, culturally responsive prevention and supplementation strategies are needed to address these inequalities. 
Keywords: Vitamin D deficiency; ethnic minority populations; United Kingdom; South Asian; Black populations; socioeconomic determinants; lifestyle factors; sunlight exposure; vitamin D supplementation; systematic review.  
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[bookmark: _Toc241025866]Chapter One: Introduction
[bookmark: _Toc241025867]1.1 Introduction
The research topic will be discussed in this chapter, with vitamin D deficiency being discussed as an important public health concern for ethnic minority groups in the United Kingdom (UK). Vitamin D has an important role in bone health, immune function, muscle strength, and physiological wellbeing (Pilz et al., 2019; Scientific Advisory Committee on Nutrition (SACN), 2020). Despite this, vitamin D deficiency will remain a major public health issue in the United Kingdom as a large proportion of the population will have reduced exposure to sunlight and dietary intake, and demographic inequalities will increase their risk of vitamin D deficiency (Pilz et al., 2019; SACN, 2020). This chapter will give background to the study, discuss the research problem and research rationale and state the research question, aim and objectives. In addition, it will outline the relevance of the study and show how a systematic review of existing evidence will be conducted to collate existing literature on prevalence and factors of vitamin D deficiency in ethnic minority groups in the UK.
[bookmark: _Toc241025868]1.2 Background of the Study
Vitamin D is a fat-soluble vitamin which is a key component of calcium and phosphorus metabolism and has roles in bone mineralisation, musculoskeletal health, immune regulation, and other physiological processes (SACN, 2020; Jolliffe et al., 2023). Synthesis of vitamin D in the skin after exposure to UVB radiation is the major source, whereas dietary intake and vitamin D supplements are other sources. Low vitamin D levels have been linked to health issues like rickets in children, osteomalacia in adults, osteoporosis, weak immune system, and a higher risk of developing some chronic diseases (Pilz et al., 2019; Jolliffe et al., 2023).
Although awareness and prevention measures have grown, vitamin D deficiency has emerged as a significant global public health challenge, impacting more than one billion people worldwide (Amrein et al., 2020). UVB deficiency is especially prevalent in the UK, where there is not enough UVB exposure to ensure adequate vitamin D synthesis in the fall and winter when there is less sunlight. The SACN therefore advises a daily dose of 10µg (400 IU) vitamin D for people aged four years and older, especially those who are at risk of being deficient (SACN, 2020). Food fortification has also been discussed in recent reviews as a population level approach to enhance vitamin D status.
There are significant ethnic differences in UK vitamin D status which are consistently shown. Ethnic minority groups such as individuals from South Asian, Black African, Black Caribbean, Middle Eastern and other ethnic minority backgrounds are at higher risk of vitamin D deficiency than the White British population (Darling et al., 2020; Sutherland et al., 2021). The differences are thought to be due to differences in skin pigmentation, with a lower ability to synthesise vitamin D in darker skin, cultural styles of clothing, lower consumption of vitamin D in the diet, less sun exposure, socioeconomic disadvantage, and less intake of vitamin D supplements (Darling et al., 2020; Sutherland et al., 2021). The analysis of large UK populations has also revealed that ethnicity and socioeconomic deprivation are each associated with a higher risk of vitamin D deficiency, with a significant and continuing health divide.
Whilst there are national recommendations for vitamin D supplementation of at-risk groups, vitamin D deficiency remains disproportionately affecting ethnic minority groups, indicating that existing barriers are not being witnessed in current public health actions. A knowledge of the prevalence and the demographic, cultural, lifestyle and socioeconomic risk factors for vitamin D deficiency is therefore crucial for the creation of culturally-relevant and evidence-based public health actions to reduce health inequalities in the UK.
[bookmark: _Toc241025869]1.3 Statement of the Problem
Despite national advice to supplement with vitamin D routinely and encouraging the public to increase their vitamin D intake, vitamin D deficiency still appears to be a major public health problem in the UK. It is linked to poor health, such as impaired bone mineralisation, osteoporosis, osteomalacia, decreased muscle function, and decreased immune health, leading to an increased healthcare burden and a lower quality of life (SACN, 2020; Jolliffe et al., 2023). Vitamin D deficiency is seen in all population groups but there is a consistent body of evidence that ethnic minority populations have a significantly higher risk of having vitamin D deficiency than the White British population (Darling et al., 2020; Sutherland et al., 2021).
Several complex factors are contributing in the disproportionately higher prevalence in ethnic minority compared to white populations, such as pigmentation of skin, lower vitamin D synthesis in skin, cultural clothing habits, lower vitamin D intake from food, less exposure to sunlight, socio-economic deprivation, and unequal access to healthcare information and preventive services (Cashman et al., 2022; Pilz et al., 2019). Failure to tackle these inequalities effectively could leave affected populations with growing health inequalities, higher incidence of preventable musculoskeletal conditions and higher burden on the National Health Service (NHS) services due to unnecessary health services utilisation.
Therefore, it is crucial to tackle this issue to derive a global picture of the factors associated with vitamin D deficiency in ethnic minorities in the UK. This evidence will inform the design of targeted, culturally relevant public health interventions and policies to help lower health disparities, optimise vitamin D levels and ensure good health outcomes for a wide range of communities.
[bookmark: _Toc241025870]1.4 Rationale of the Research
There is already good evidence that vitamin D deficiency is found in a high proportion of the population in the UK, consistently more in ethnic minority groups than in the White British population (Sutherland et al., 2021; Deschasaux et al., 2021). Several factors have been identified in studies that contribute to this situation, these include less sun exposure, darker skin pigmentation, cultural clothing practises, low dietary intake, socioeconomic deprivation and the low use of supplementation (Cashman et al., 2022; Sutherland et al., 2021). Although there are national guidelines for vitamin D supplementation, deficiency is still a public health problem, with a high prevalence (SACN, 2020).
There is, however, little current synthesis, with individual studies generally investigating isolated determinants or specific ethnic groups and not providing a comprehensive synthesis of all the factors. Demographic, cultural and socioeconomic factors are also shown to be inconsistently associated with the level of change across different populations in the UK. In addition, there have been recent shifts in migration patterns, lifestyle behaviours and public health interventions, indicating the need for more recent evidence synthesis.
There is therefore a need for a systematic review to be conducted to summarise the current research, critically evaluate the quality of the studies and look for a consistent pattern that emerges across the different studies. This will allow for a more complete and substantial understanding of factors associated with vitamin D deficiencies.
[bookmark: _Toc241025871]1.5 Research Question
What is the key demographic, cultural, and socioeconomic determinants associated with vitamin D deficiency among ethnic minority populations in the United Kingdom?
[bookmark: _Toc241025872]1.6 Research Aim
To investigate the prevalence of vitamin D deficiency and to identify the key demographic, cultural and socioeconomic determinants associated with vitamin D deficiency among ethnic minority populations in the United Kingdom.
[bookmark: _Toc241025873]1.7 Research Objectives
1. To determine the underlying reasons, influences and prevalence of vitamin D deficiency among ethnic minority populations living in the United Kingdom.
2. To examine the association between demographic factors (such as age, gender, ethnicity, and duration of residence in the UK) and vitamin D deficiency.
3. To assess the influence of cultural and lifestyle factors (including clothing practices, dietary habits, sun exposure, and supplementation use) on vitamin D status. 
4. To evaluate the impact of socioeconomic factors (such as income level, education, and access to healthcare services) on the risk of vitamin D deficiency among ethnic minority in the UK.
[bookmark: _Toc241025874]1.8 Significance of the Study
This is an important study as it will help provide better understanding of the prevalence and risk factors of vitamin D deficiency in ethnic minority groups in the UK. The results will help the NHS make better decisions when planning resources, early detection strategies and the targeting of prevention programmes to reduce the impact of vitamin D deficiency related complications, and the subsequent healthcare costs. The study will give public health practitioners data to develop culturally appropriate interventions targeting behavioural, dietary, and environmental risk factors.
The evidence produced will be used to inform the development and refinement of national vitamin D supplementation and fortification policy, especially among high-risk groups, for policy-makers. Researchers will benefit from a synthesis of previous research that is streamlined and identifies gaps in research for the future. The benefits of the activities for ethnic minorities will be indirect, including through increased awareness, the development of tailored health promotion strategies and the decrease of health inequalities. Lastly, healthcare providers will have better knowledge of the risk factors to help educate patients, screen, and prevent disease. Overall, the study will help to shrink inequalities and enhance equitable health outcomes among different populations in the UK.
[bookmark: _Toc241025875]1.9 Summary of the Chapter
In this chapter, this topic of research had been introduced, with an overview of vitamin D deficiency as a major public health problem in the UK, especially amongst ethnic minority populations. The background to the study mentioned the physiological role of Vitamin D, its prevalence globally and in the UK, and inequalities in prevalence among ethnic groups. The persistent burden of deficiency and the health implications thereof, particularly the health impacts of disadvantaged communities, had been highlighted in the statement of the problem. 
In addition, gaps in the existing literature were identified in the rationale of the study and its need for a systematic review approach was justified. The research question, aim and objectives were well formulated and guided the investigation. The importance of the study had been discussed with key stakeholders, such as NHS, public health practitioners, policymakers, researchers, ethnic minority communities and healthcare professionals. 
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[bookmark: _Toc241025877]2.1 Introduction
The current literature will be critically assessed with regards to the prevalence and associated risk factors of vitamin D deficiency in ethnic minority groups in the United Kingdom (UK). It will start by exploring the physiology of vitamin D and the epidemiology of vitamin D deficiency, including the importance of vitamin D deficiency as a current public health issue, both internationally and in the UK. The frequency of vitamin D deficiency in ethnic minority communities will then be discussed and demographic factors that affect vitamin D status (including age, gender, ethnicity and length of time residing in the UK) will be analysed critically. Lastly, the chapter will discuss lacunae in the existing literature that support the need for this systematic review and will present the theoretical framework that will support the study to explain the relationships between the identified determinants and vitamin D deficiency in ethnic minority populations in the UK.
[bookmark: _Toc241025878]2.2 Literature Search Strategy
An initial scoping literature search will be carried out to scope and review the existing body of knowledge on vitamin D deficiency in ethnic minority groups in the UK. This scoping search will not be the actual search for the systematic review, but will be used to help inform the scope, the research question and the subsequent methodology of the systematic review (Arksey and O'Malley, 2005; Peters et al., 2020).
Several electronic databases (PubMed, MEDLINE, Scopus, Web of Science, CINAHL, Embase, and Google Scholar) will be searched for relevant literature. These will be chosen due to their extensive coverage of biomedical, public health, nutrition, and healthcare research and their established reputation as sources of peer-reviewed scientific literature (Bramer et al., 2017). The search strategy will be tailored by including keywords and Boolean operators from the research question. Key words used will be vitamin D deficiency, vitamin D insufficiency, ethnic minority, South Asian, Black African, Black Caribbean, United Kingdom, UK, sun exposure, diet, socioeconomic factors and vitamin D supplementation.
((Vitamin D deficiency) OR (Vitamin D insufficiency)) AND (ethnic minority) OR (South Asian) OR (Black African) OR (Black Caribbean)) AND (United Kingdom) OR (UK))
Only peer-reviewed journal articles in the English language will be considered, as this will ensure the relevance and quality of the literature reviewed. The review will exclude studies published prior to 2020, and focus on those published during 2020-2026, to reflect the most up-to-date information on the prevalence and risk factors for vitamin D deficiency. The literature retrieved from this scoping search will be critically appraised to establish the background of this study, identify common themes and gaps in knowledge and provide support for the formulation of the proposed systematic review protocol. The systematic review search, eligibility criteria and study selection process will be described in detail in Chapter Three following PRISMA guidelines (Page et al., 2021).
[bookmark: _Toc241025879]2.3 Literature Review
[bookmark: _Toc241025880]2.3.1 Overview of Vitamin D
It starts with an overview of the physiology, metabolism, sources, deficiency and health effects of vitamin D, followed by an overview of the global and UK prevalence. The review then critically reviews the demographic, cultural, life course and socioeconomic factors related to vitamin D deficiency and associated public health policies and interventions. This section aims to compare and synthesise the conclusions of previous studies to highlight areas of agreement, disagreement and gaps in knowledge, which would support the need for the current systematic review (SACN, 2020; Amrein et al., 2020). 
[bookmark: _Toc241025881]2.3.2 Vitamin D Absorption, Transport and Storage
Vitamin D is a fat-soluble secosteroid which plays an essential role in the regulation of calcium and phosphorus and consequently in the mineralisation of bones, muscle function and skeleton health. It is generally agreed upon that it is of crucial importance for musculoskeletal health, but its contribution to chronic disease prevention is not entirely clear. Pilz et al., (2019) suggest that sufficient vitamin D levels could help lower the risk of cardiovascular, diabetes and autoimmune diseases, while Jolliffe et al., (2023) propose that data from RCTs are inconsistent and further studies are needed.
The metabolism of vitamin D starts with the synthesis in the skin, after exposure to ultraviolet B (UVB) radiation, or after absorption from food and supplements (SACN, 2016; Pilz et al., 2019). The vitamin is initially hydroxylated in the liver to 25-hydroxyvitamin D [25(OH)D] which is the major vitamin D biomarker, and then further hydroxylated in the kidneys to the biologically active form, 1,25-dihydroxyvitamin D (SACN, 2020). Pilz et al., (2019) found that 25(OH)D in the blood is the best indicator of vitamin D status, as it reflects both production in the body by the skin and consumption in the diet. Therefore, supplementation is recommended for individuals who are at higher risk of deficiency, for example during autumn and winter in the UK where there is limited UV-B radiation (SACN, 2020). 
[bookmark: _Toc241025882]2.3.3 Prevalence of Vitamin D Deficiency 
Global vitamin D deficiency is acknowledged as a significant public health issue, impacting a broad spectrum of populations and age groups worldwide. More than one billion people worldwide have insufficient levels of vitamin D, although the prevalence rate reported varies widely, depending on the threshold used to diagnose hypovitaminosis D, target population, latitude, and the methods employed to measure serum 25-hydroxyvitamin D [25(OH)D] concentrations (Amrein et al., 2020). People living in higher latitudes (such as the UK) are especially vulnerable since they may have a reduction in sources of ultraviolet B (UVB) radiation for several months a year, which reduces the ability to synthesise vitamin D (SACN, 2020).
Vitamin D deficiency continues to be a chronic public health problem in the UK in the face of national recommendations for supplementation. The National Diet and Nutrition Survey (NDNS) has consistently shown that a large proportion of the UK population have serum 25(OH)D levels below recommended levels, with ethnic minority groups more likely to be deficient, and winter and spring being the most prevalent time of year for 25(OH)D deficiency (Public Health England, 2020). Likewise, vitamin D status has been shown to be significantly different between South Asian (and Black) and White British ethnic groups in analyses of UK Biobank data, with higher rates of deficiency among South Asian and Black groups (Sutherland et al., 2021).
While both the NDNS and the UK Biobank report vitamin D deficiency as an important area of public health concern, there are some significant differences between them. The purpose of the NDNS is to gather nationally representative estimates of diet and biochemical status over a large, representative sample of the UK population. UK Biobank, however, is a large cohort of middle aged and elderly citizens who are volunteers, allowing extensive study of demographic, ethnic and socioeconomic factors, but with less population representation (Sutherland et al., 2021). As a result, UK Biobank provides more statistical power to study the risk factors, while the NDNS provides more precise estimates of national prevalence.
[bookmark: _Toc241025883]2.3.4 Demographic Determinants
Demographic factors have been well established as modifiable factors affecting vitamin D status and are well recognised as playing an important role in the observed differences in vitamin D deficiency among ethnic minority groups in the UK (Sutherland et al., 2021; SACN, 2020). Vitamin D synthesis, metabolism and total exposure to environmental and behavioural risk factors are affected by factors such as age, gender, ethnicity, migration history and skin pigmentation (SACN, 2020).
Age has always been linked to Vitamin D deficiency. The elderly are at higher risk as with ageing, the skin has decreased ability to produce vitamin D after exposure to ultra-violet B (UVB), and they may have less outdoor activity and less intake of food (Amrein et al., 2020). However, children and adolescents from ethnic minority communities are also considered vulnerable, particularly due to high vitamin D demands during rapid growth and difficulties in ensuring sufficient exposure to sunlight due to cultural and behavioural differences (Darling et al., 2020). 
Evidence regarding gender differences in vitamin D status has been inconsistent. Nevertheless, several studies have reported that vitamin D deficiency is more prevalent among women than men, particularly within South Asian and Middle Eastern communities in the UK. This disparity has been attributed to factors including cultural clothing practises, lower levels of sunlight exposure, pregnancy-related nutritional demands, and differences in dietary intake and supplementation behaviours (Darling et al., 2020; Cashman et al., 2022; SACN, 2020). Some other studies, however, have found only small gender differences when ethnicity and socioeconomic status have been taken into account, meaning gender may have some interactions with other factors that contribute to the risk, but are not considered an independent risk factor (Sutherland et al., 2021).
The South Asian, Black African, Black Caribbean and Middle Eastern populations are significantly more likely to have low levels of serum 25-hydroxyvitamin D [25(OH)D] than the White British population, as shown by large population-based studies (Sutherland et al., 2021). Migration status is an additional factor affecting vitamin D status, with people who migrate from areas with high year-round sun exposure potentially having reduced cutaneous synthesis of vitamin D when they move to northern regions, for example UK where there is low year-round sun exposure (Darling et al., 2020).
While it is agreed there is a major role of ethnicity and pigmentation in determining vitamin D deficiency, the relative importance of the biological and social factors has been debated. Although reduced vitamin D synthesis is mainly due to the biological factors, Sutherland et al., (2021) suggest that socioeconomic disadvantage, cultural practises, and health behaviours significantly exacerbate these risks. Therefore, when assessing the disproportionately high prevalence of vitamin D deficiency in ethnic minority groups, demographic factors should be taken into account together with the broader cultural and socioeconomic factors.
[bookmark: _Toc241025884]2.3.5 Cultural and Lifestyle Determinants
Ethnic minority groups in the UK have a disproportionately high prevalence of vitamin D deficiency and this is recognised to be influenced by cultural and lifestyle factors. The determinants are engineered by behaviours, culture, religion and environment in the individual and can be potentially changed, whereas the biological determinants cannot.
However, natural food sources of vitamin D are limited and multiple studies have consistently noted that some ethnic minority populations have lower vitamin D intake because cultural food preferences, vegetarian diets, lactose intolerance and limited intake of oily fish or fortified foods may explain this (Darling et al., 2020; Cashman et al., 2022). 
Religious and cultural practises when it comes to clothing, too, have been identified as being important factors for vitamin D deficiency. Clothing that provides protection for the majority of the body, which is typical in some cultural and Muslim communities, will dampen skin exposure to sunlight and thus endogenous vitamin D production (SACN, 2020). However, as several authors have noted, there is a lack of consensus regarding the importance of socioeconomic factors and occupation, as these are often linked to cultural behaviours, which in turn can be influential in relation to vitamin D deficiency (Sutherland et al., 2021). 
Vitamin D production is tightly coupled to exposure to sunlight and outdoor physical activity. Reduced sun exposure, low physical activity, urban living and fear of skin cancer have all been associated with lower levels of UVB exposure and vitamin D levels (Amrein et al., 2020). The connection between sunlight and vitamin D levels is also complicated by season, latitude, weather conditions, and skin colour, however, so greater outdoor activity may not be enough to prevent vitamin D deficiency among people with darker skin at higher latitudes—including the UK.
Higher risk groups for deficiency are encouraged for vitamin D supplementation such as ethnic minority groups (SACN, 2020). Multiple studies have shown that vitamin D supplementation is effective in boosting 25-hydroxyvitamin D levels and lowering the risk of deficiency (Cashman et al., 2022). Other studies, however, have reported low compliance with supplementation advice throughout, which has been attributed to lack of awareness, cost, cultural beliefs and inconsistent health care advice (Darling et al., 2020). The conflicting results suggest that supplementation policies are not enough; they need to be implemented along with culturally appropriate health education, increased access and targeted public health interventions. 
[bookmark: _Toc241025885]2.3.6 Socioeconomic Determinants
Socioeconomic factors are also important in determining vitamin D status and contribute to the health disparities in vitamin D deficiency among ethnic minority groups in the UK. Dietary habits, opportunities to access the sun, health literacy and access to preventive healthcare services are influenced by income, education, occupation, housing, and neighbourhood deprivation (SACN, 2020; Sutherland et al., 2021). 
Low household income has been found to be consistently associated with increased vitamin D deficiency. Limited food access to vitamin D sources, fortified foods, as well as nutritional supplements, coupled with competing economic priorities, may decrease participation in preventive health behaviours (Cashman et al., 2022). Moreover, lower education levels have been associated with decreased knowledge of vitamin D recommendations, and with less understanding of the health consequences of vitamin D deficiency, which subsequently leads to less uptake of vitamin D supplements and poorer dietary intake (Darling et al., 2020). The vitamin D level is also influenced by occupation because of the difference in working environments and daily routine. People with indoor jobs or shift work may receive less sunlight than those who work during the day, and those who are unemployed or working precariously may have even less access to nutritious foods and healthcare services (Amrein et al., 2020). 
Access to health services and neighbourhood deprivation are other factors influencing inequalities in vitamin D status. The provision of health services to ethnic minority groups in deprived neighbourhoods is often challenging, as they're likely to have language barriers, lack access to primary care, and receive less advice on preventive care and supplementation (Sutherland et al., 2021). 
[bookmark: _Toc241025886]2.3.7 Public Health Policies
Several public health policies have been implemented in the UK to address vitamin D deficiency; however, concerns remain regarding their effectiveness in reducing health inequalities among ethnic minority populations. The SACN recommends a daily intake of 10 micrograms (400 IU) of vitamin D for everyone aged four years and over throughout the year. The SACN also identifies individuals with darker skin pigmentation and those with limited exposure to sunlight as being at increased risk of vitamin D deficiency (SACN, 2020). 
The NHS advocates vitamin D supplementation via public health messaging and clinical guidance – especially during autumn and winter and in people at high risk (NHS, 2023; National Institute for Health and Care Excellence (NICE), 2023). The NICE also supports targeted supplementation for vulnerable groups in maternal and child health guidance and recommends that anyone identified as being at higher risk of deficiency should be provided with targeted supplementation (NICE, 2023). However, there is still not consistency in implementation across healthcare services and awareness of national recommendations across ethnic minority groups is also lower (Darling et al., 2020).
Food fortification is under consideration as an extra population-level solution to increase vitamin D consumption. Nordic countries have found that mandatory or universal voluntary fortification can significantly boost vitamin D levels and prevent vitamin D deficiency at the population level (Cashman et al., 2022). The situation in the UK is different, with a narrower and voluntary strategy for fortification, meaning that the fortified food availability and coverage among the population have been inconsistent (Cashman et al., 2022; SACN, 2020). However, researchers suggest that supplementing alone will only be a partial solution to the problem of widespread deficiency, especially for socioeconomically disadvantaged and ethnically diverse groups (Amrein et al., 2020).
[bookmark: _Toc241025887]2.3.8 Existing Interventions
There have been several interventions put in place to tackle vitamin D deficiency in the UK, especially targeting groups thought to be at higher risk (such as ethnic minorities). The interventions are mainly community interventions, vitamin D supplementation, food fortification, and health promotion interventions. 
Community-based programmes have increasingly targeted increasing awareness of vitamin D deficiency with culturally appropriate education, community engagement activities, collaborations with community organisations and faith groups. These have been found to increase knowledge and encourage healthier behaviours, but are often poorly implemented, have limited funding and mixed engagement in different ethnic communities (Darling et al., 2020). 
The mainstay of current prevention strategies is vitamin D supplementation. Systematic reviews have shown that regular supplementation is effective in improving serum 25-hydroxyvitamin D levels and lowering the incidence of 25-hydroxyvitamin D deficiency, especially in people who are not exposed to much sunlight (Jolliffe et al., 2023). However, compliance with the recommendations for supplementation is still low, partly because of low awareness, cultural beliefs, financial constraints and varying health care provider recommendations (Cashman et al., 2022).
Vitamin D promotion programmes via the NHS, primary health care and public health environments should aim to raise awareness of the vitamin D recommendations and promote supplementation among the high-risk groups. These campaigns have led to better awareness of the population but there is clear evidence that ethnic and socioeconomic disparities still exist (Sutherland et al., 2021). In general, the literature indicates that comprehensive interventions that involve culturally appropriate education, readily available supplementation, extended food fortification, and community involvement are more likely to result in sustained vitamin D status improvement than single interventions alone. 
[bookmark: _Toc241025888]2.4 Gaps in the Literature
A large amount of literature has been written on vitamin D deficiency in the UK, yet there are some major drawbacks in the current literature. First, there have been many UK studies that have compared one ethnic group (For example, South Asian or Black African populations) to the general population, but not a study that has compared a range of ethnic minority groups to the general population. However, the prevalence and determinants of vitamin D deficiency vary across ethnic groups and this is still not fully understood (Darling et al., 2020; Sutherland et al., 2021).
Second, although there are many studies conducted on biological factors such as skin pigmentation and age, the studies conducted on cultural and lifestyle factors are relatively few. Much of the research around factors that affect vitamin D status tends to focus on one factor at a time, but this approach does not capture how these factors interact to affect vitamin D status (Cashman et al., 2022). In a similar way, socioeconomic factors (such as income, education, employment, housing, and neighbourhood deprivation) are not uniformly measured in studies and comparisons or evidence synthesis are complicated. 
While there have been systematic reviews looking at vitamin D deficiency at a national or international level, or in general populations, there is little recent evidence that has comprehensively synthesised the prevalence and demographic, cultural, lifestyle and socioeconomic determinants of vitamin D deficiency among ethnic minority populations living in the UK. A systematic review will deliver a comprehensive, critically appraised synthesis of current evidence that will uncover consistent patterns and areas of uncertainty, and guide culturally appropriate public health policies and interventions that will help to reduce vitamin D-related health inequalities.
[bookmark: _Toc241025889]2.5 Theoretical Framework
The Health Belief Model (HBM) is a suitable theoretical framework for this systematic review as it helps to understand the relationship between beliefs and perceptions in the context of health related behaviours including disease prevention and health promotion behaviours (Rosenstock, 1974; Champion and Skinner, 2008). The HBM provides a useful tool to help understand why preventive behaviours vary among ethnic minority groups in the UK as vitamin D deficiency is largely preventable by behaviours such as getting enough sunlight, dietary modification and vitamin D supplements.
Perceived Susceptibility is the belief that a person has of their risk for vitamin D deficiency. Even with good evidence of higher prevalence rates in ethnic minority groups, they may not always be aware of their increased biological risk, especially if they have darker skin pigmentation (SACN, 2020). If people do not know they are at risk, they might not be motivated to participate in preventive activities, such as supplementing or regular health screenings. 
The second construct, perceived severity relates to beliefs about the seriousness of vitamin D deficiency and associated health consequences. People who recognise the associations of vitamin D deficiency with rickets, osteomalacia, osteoporosis, muscle weakness and reduced immune function are more likely to engage in preventive behaviours than those who do not view vitamin D deficiency as a health issue of any great concern (Jolliffe et al., 2023).
People who think vitamin D supplements, eating a healthy diet and getting safe sunlight are effective in preventing vitamin D deficiency are more likely to undertake these behaviours. On the other hand, factors like cultural clothing habits, financial conditions, low health literacy, language barriers, lack of health care access, and beliefs about supplements can hinder preventive measures (Darling et al., 2020; Sutherland et al., 2021). This is especially important for the cultural and socioeconomic determinants found in the literature.
Cues to action is another important concept—anything outside of the person who prompts them to adopt healthier behaviours (Champion and Skinner, 2008; NICE, 2023). There are a number of factors that could stimulate vitamin D related behaviours, such as healthcare providers, NHS awareness campaigns, community education programmes, screening, and culturally targeted public health interventions (NICE, 2023). Lastly, self-efficacy is the confidence that a person has in his or her skills to sustain behaviours in spite of practical or social difficulties, such as regular supplementation, healthy dietary habits, and safe sun exposure (Champion and Skinner, 2008).
In all, the HBM serves as a comprehensive model for understanding the impact of demographic, cultural, lifestyle and socioeconomic factors on vitamin D-related health behaviours among ethnic minority groups. The model captures the biological vulnerability combined with behavioural and social factors, which can help provide a more comprehensive understanding of the evidence reviewed in this systematic review and a framework for informing culturally responsive public health interventions and policies. 
[bookmark: _Toc241025890]2.6 Summary to the Chapter
The physiology of vitamin D and its metabolism, its sources, deficiency and its associated health implications were explored to provide the background for the study. The prevalence of vitamin D deficiency was explored, from a global and UK context, paying attention to inequalities between different ethnic minority groups. In addition, recent studies have been critically analysed and compared with respect to the demographic, cultural, lifestyle and socioeconomic factors associated with vitamin D deficiency. The chapter also considered the state of the current policies in the UK for public health and current interventions to address vitamin D deficiency and outlined the strengths and weaknesses of these. There was a strong rationale for this systematic review as there were identified gaps within the literature. Lastly, the Health Belief Model was added as the theoretical paradigm to guide the interpretation of the evidence.


[bookmark: _Toc241025891]Chapter Three: Research Methodology
[bookmark: _Toc241025892]3.1 Introduction
The methods for conducting the systematic review investigating vitamin D deficiency in ethnic minority populations in the United Kingdom (UK) will be described in this chapter. It will present and explain the philosophical assumptions, research approach, research strategy and study design used in the review. The chapter will also describe the approaches to be used in identifying, selecting, critically appraising and synthesising relevant published evidence. In addition, the search strategy, PICO statement, databases used and search procedures, inclusion and exclusion criteria, study selection process, quality assessment, data extraction and data synthesis methods will be explained. Discussions will also take place around ethical issues that may arise and the possible limitations and risk of bias of the review methodology. The methodology is designed in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 guidelines and the Joanna Briggs Institute (JBI) guidance, which outlines the way in which a systematic review should be conducted in a transparent, rigorous and reproducible way (Page et al., 2021; Aromataris and Munn, 2020).
[bookmark: _Toc241025893]3.2 Research Philosophy
Research philosophy is the underlying assumptions and beliefs of the generation, interpretation and application of knowledge in a research study (Saunders, Lewis and Thornhill, 2023). It includes ontology (the nature of reality) and epistemology (how knowledge is obtained and verified) (Creswell and Creswell, 2023). In the field of health research, there are several philosophical paradigms commonly used such as positivism, Interpretivism, pragmatism, and critical realism. A positivist approach will be used in this systematic review as it aims to synthesise objective information from published empirical research studies that have examined the prevalence and risk factors for vitamin D deficiency in ethnic minority groups in the UK. According to Saunders et al (2023) positivism believes in objective reality and that knowledge can be gained from systematic observation and empirical evidence. The researcher will be independent of the research process, as the analysis of results of quantitative, qualitative and mixed-methods studies will be done in the review and no primary data will be produced (Creswell and Creswell, 2023; Page et al., 2021).
[bookmark: _Toc241025894]3.3 Ethical Considerations
Ethical principles are essential in conducting any type of research as they support integrity, transparency and respect for research subjects and the responsible use of evidence (World Medical Association, 2024). Ethics issues are not the same as they are in primary research, since there is no direct contact with humans involved in the systematic review and no new personal or sensitive data is gathered. Rather, the researchers are expected to carefully carry out the review process, reduce bias, truthfully reflect the published research and give appropriate acknowledgement of all original sources (Aromataris and Munn, 2020). This systematic review will use only publicly available, peer-reviewed literature and relevant government publications. As a result, there will be no formal ethical approval necessary as no human subjects will be recruited, no personal information will be accessed and no intervention will be taken (Page et al., 2021). 
[bookmark: _Toc241025895]3.4 Research Approach
Research methods refer to the systematic procedures and techniques used to collect, analyse and interpret evidence in order to address a research question. The choice of method is influenced by the nature of the research problem, the type of evidence required and the philosophical assumptions underpinning the study (Saunders, Lewis and Thornhill, 2023). Quantitative and qualitative approaches represent two broad methodological traditions, although contemporary research may also combine them through mixed-methods designs. A systematic review is neither of these as it uses explicit, transparent and reproducible methods to synthesise existing evidence and answer a focused research question (Snyder, 2019).
The present study will use a systematic review approach, as this is a suitable methodology for investigating the prevalence and determinants of vitamin D deficiency in UK ethnic minorities. A systematic review is different from a literature review in that it is conducted in a predetermined way, uses explicit inclusion and exclusion criteria, critically appraises the quality of study designs, and synthesises the evidence in a systematic way, which reduces bias, compared to a traditional literature review (Page et al., 2021). This is especially beneficial as a systematic review allows for an integrated or systematic synthesis of information from several studies, which allows for a more comprehensive understanding of the complex determinants; it also functions to detect inconsistencies and gaps in existing evidence (Page et al., 2021; Pollock and Berge, 2018). 
[bookmark: _Toc241025896]3.5 Research Strategy
Research strategy refers to the systematic way in which a study is structured and directed towards answering its research question. It provides a logical connection between the research philosophy, research approach, methods of evidence collection and the interpretation of findings (Saunders, Lewis and Thornhill, 2023). There are two basic types of reasoning mentioned in the methodology of research: Deductive and Inductive reasoning. While these methods are often viewed as separate strategies, modern studies acknowledge that they may be utilised concurrently, especially if the research question involves testing and developing a theory (Creswell and Creswell, 2023).
Deductive reasoning normally starts with previously developed theory, conceptual frameworks, or propositions, and then moves to the analysis of empirical evidence. It includes generating predictions based on prior knowledge and then testing the predictions against the evidence provided (Saunders, Lewis and Thornhill 2023). One of the strengths in deduction is that there is a clear and structured analytical direction as the researcher does not construct explanations from the data alone and moves from a set of theoretical assumptions. But a deductive approach can limit analysis if the researcher has acted so as to include only those findings that support his or her prior expectations.
In inductive reasoning, you start with observations or empirical evidence and then try to construct more general conceptions, patterns or explanations. It is strongly linked to qualitative research, in which researchers try to grasp the experiences, meanings, and social processes of their participants, but do not necessarily impose preconceived theoretical categories on the data (Creswell and Poth, 2018). Induction therefore is useful in cases where a research topic is not well known, or where an existing theory is not sufficient to explain the phenomenon. Nevertheless, inductive conclusions remain dependant on the evidence available and may be difficult to generalise beyond the contexts from which the observations were derived.
For the present systematic review, a predominantly deductive research strategy was adopted. This was particularly fitting given that the Health Belief Model (HBM) was used as a theory to guide the review, as it offered an existing theoretical structure for understanding possible behavioural predictors of vitamin D related preventive behaviours. Further, prior to the literature search, a review question and eligibility criteria was delineated, and the evidence was systematically evaluated against pre-determined criteria. The study therefore did not seek to generate a new theory from primary observations; instead, it synthesised existing empirical evidence and considered how the identified demographic, cultural, lifestyle and socioeconomic determinants could be understood in relation to an established theoretical framework. Nevertheless, the synthesis remained sufficiently open to unexpected findings and themes, meaning that the analysis was not restricted exclusively to categories predicted by the HBM. This combination strengthened the review by maintaining a theoretically informed direction while allowing evidence emerging from the included studies to be critically considered (Page et al., 2021).
This study will have a deductive approach, as the research will be consolidating reports of vitamin D deficiency in ethnic minorities and not developing new theories. The results of the review will be discussed with reference to the pre-determined research objectives and the Health Belief Model stated in Chapter Two. A deductive approach is thus warranted as it offers a systematic and objective approach in the analysis of available evidence and should guarantee consistency across the review process. 
[bookmark: _Toc241025897]3.6 Study Design
The study will use a systematic review study design to explore the prevalence and determinants of vitamin D deficiency in ethnic minority groups in the UK. A systematic review is a research methodology that seeks to identify, critically appraise and collate evidence in relevant studies on a specific topic using systematic, explicit, and reproducible procedures (Page et al., 2021). A systematic review is different to a narrative or traditional literature review, in that it has a predetermined protocol, a thorough search strategy and a clear eligibility criterion to reduce selection bias and to ensure findings can be relied upon (Aromataris and Munn, 2020). It has been chosen because it will allow data from a range of study designs to be combined, giving a comprehensive view of the prevalence of vitamin D deficiency and the demographic, cultural, lifestyle and socioeconomic factors associated with vitamin D deficiency in ethnic minority groups in the UK. In addition, systematic reviews can facilitate evidence-based healthcare practises by summarising the results that are consistent, highlighting conflicting evidence and uncovering gaps in literature.
[bookmark: _Toc241025898]3.7 Method of Data Collection
A systematic review does not involve collecting primary data from participants, it is a systematic process that involves finding, retrieving, and selecting published evidence that is relevant for the review (Aromataris and Munn, 2020). The data will be gathered from the peer reviewed journal articles and relevant grey literature related to the prevalence and determinants of vitamin D deficiency among ethnic minority groups in the UK. A comprehensive search strategy, with clear eligibility criteria, and a clear selection process for the studies will be utilised to ensure that relevant evidence is identified consistently and comprehensively. The data collection will be conducted following the PRISMA 2020 guidelines to increase the transparency, repeatability and methodological rigour of the review (Page et al., 2021).
[bookmark: _Toc241025899]3.7.1 Search Strategy
An exhaustive electronic search of the literature will be conducted to locate studies related to the research question. The search strategy will be formulated based on the PICO approach, to make sure that the search terms are well connected to the review goals. To ensure the search is as sensitive and specific as possible, Medical Subject Headings (MeSH) (where available), free text keywords and Boolean operators (AND, OR) will be used. Searches will be carried out in various electronic databases such as PubMed, MEDLINE, Embase, Scopus, Web of Science, CINAHL and Google Scholar. The search will largely consist of research published from January 2020 – December 2026, but seminal studies prior to 2020 will be included if they provide important background evidence. Studies in other languages than English will not be included. The entire search strategy will be documented to ensure transparency and reproducibility of the search process, according to the PRISMA 2020 recommendations (Page et al., 2021).
[bookmark: _Toc241025900]3.7.2 PICO Framework
The research question will be developed using the PICO framework and a search strategy will be written. PICOS is also a useful framework for the identification of all evidence in the field of healthcare research, including systematic reviews looking at prevalence and determinants of this. This review will use the framework of the population, exposure, comparison (if applicable), outcomes, and setting of the study for consistency throughout the literature search and the selection of studies for the review.
[bookmark: _Toc240929911]Table 1. PICO Framework
	PICO Element
	Description
	Search Terms

	Population (P)
	Ethnic minority populations living in the UK
	Ethnic minority, South Asian, Black African, Black Caribbean, Middle Eastern, minority ethnic

	Intervention/Exposure (I)
	Vitamin D deficiency and associated determinants
	Vitamin D deficiency, Vitamin D insufficiency, Vitamin D status, 25-hydroxyvitamin D

	Comparison (C)
	White British population or comparison between ethnic groups (where applicable)
	White British, ethnic comparison

	Outcome (O)
	Prevalence and demographic, cultural, lifestyle and socioeconomic determinants
	Prevalence, determinants, supplementation, diet, sun exposure

	Setting (S)
	United Kingdom
	UK, England, Scotland, Wales, Northern Ireland



[bookmark: _Toc241025901]3.7.3 Database Search Procedure
A systematic literature search will be carried out in selected electronic databases, with search terms created according to the PICO approach. To improve retrieval accuracy, controlled words such as Medical Subject Headings (MeSH) found in PubMed and comparable indexing words in other databases will be used in conjunction with free-text words. Where relevant, Boolean operators (AND, OR), phrase searching and truncation will be used to narrow down the search. All search results from each database will be downloaded into reference management software, and then duplicates will be recognised and eliminated prior to screening. To ensure transparency and reproducibility the process of searching the database including the database searched, search dates, period of publication and the number of database records identified, will be documented.
[bookmark: _Toc240929912]Table 2.Database Search Procedure
	Database
	Search Date
	Publication Period
	Search Strategy

	PubMed
	24/07/2026
	2020–2026
	MeSH terms and keywords

	MEDLINE
	26/07/2026
	2020–2026
	Subject headings and keywords

	Embase
	28/07/2026
	2020–2026
	EMTREE terms and keywords

	Scopus
	29/07/2026
	2020–2026
	Keywords and Boolean operators

	Web of Science
	30/07/2026
	2020–2026
	Keywords and Boolean operators

	CINAHL
	01/08/2026
	2020–2026
	CINAHL Headings and keywords

	Google Scholar
	02/08/2026
	2020–2026
	Simplified keyword search



[bookmark: _Toc241025902]3.7.4 Hand Search
A hand search will also be conducted to find other relevant studies that may not have been found in the electronic search. All studies included and related literature reviews will be screened by hand to identify further eligible publications. Citation tracking will also be performed, as it is applicable, to identify more recent studies which have cited the key articles. This complementary method will improve the chances of not being able to capture critical evidence and increase the depth of the review (Aromataris and Munn, 2020).
[bookmark: _Toc241025903]3.7.5 Grey Literature
Grey literature will also be included to reduce publication bias and to include relevant information that has not been published in peer-reviewed journals. Reports and guidance from organisations including the NHS, the SACN, the NICE, the UK Health Security Agency (UKHSA) and the World Health Organisation (WHO) will be used as a source. As appropriate for consistency and relevance, the eligibility criteria will be applied to grey literature to assess it along the same lines as, and in conjunction with, peer-reviewed literature. 
[bookmark: _Toc241025904]3.7.6 Inclusion and Exclusion Criteria 
Inclusion and exclusion criteria will be defined before study selection, and will be pre-defined to ensure consistency, transparency and to reduce selection bias. The criteria will be based on the review goals and will be organised around the PICO format. The inclusion criteria should be applied to the list of studies, and studies that do not meet all the criteria should be excluded from the list for quality assessment and data extraction.
[bookmark: _Toc240929913]Table 3.Inclusion and Exclusion Criteria
	PICO Element
	Inclusion Criteria
	Exclusion Criteria

	Population
	Ethnic minority populations living in the UK
	Non-UK populations

	Exposure
	Vitamin D deficiency or insufficiency
	Studies unrelated to vitamin D

	Comparison
	White British population or comparison between ethnic groups where applicable
	No relevant comparison if essential

	Outcome
	Prevalence or determinants of vitamin D deficiency
	Outcomes unrelated to vitamin D status

	Setting
	United Kingdom
	Countries outside the UK

	Publication
	Peer-reviewed studies published in English (2020–2026), with seminal studies included where relevant
	Conference abstracts, editorials, commentaries, non-English publications



[bookmark: _Toc241025905]3.8 Study Selection
Studies will be selected using the PRISMA 2020 guidelines to ensure that the selection of studies is transparent, systematic and reproducible (Page et al., 2021). After the electronic database and hand searches are completed, all retrieved records will be transferred to the reference management software and any duplicate records will be eliminated. The other studies will then be screened for the title and abstract, based on the inclusion and exclusion criteria that were predetermined. Only articles deemed to be eligible will be considered at this stage.
Studies that are believed to be relevant will be submitted to full-text evaluation. This will happen during this phase, when each article will be subjected to a review to see if it meets the research question and all the eligibility requirements. Full-text articles will also be analysed to ensure methodological information is provided such as a clear aim for the research, design for the research, description of the participants, method of data collection, results, and conclusions. Documentation of reasons for excluding studies will be kept for full-text stage to ensure transparency and reproducibility. In Chapter Four the overall study selection process and the number of studies identified, screened, excluded and included will be presented using a PRISMA 2020 flow diagram.
[bookmark: _Toc236859076][bookmark: _Toc241025906]3.9 Quality Assessment
Quality assessment is a crucial aspect of systematic reviews, as it helps to assess the methodological quality, validity and potential risk of bias of studies included (Aromataris and Munn, 2020). Critical appraisal aids in the assessment of whether study results are adequate to support evidence synthesis and helps to understand review results.
The Joanna Briggs Institute (JBI) Critical Appraisal Checklist for each study design will be used for this review. The checklist evaluates methodological quality in a number of areas such as participant selection, measurement of exposure and outcomes, the identification and management of confounding factors, and the statistical analysis (Moola et al., 2020). Yes, No, Unclear, Not Applicable will be used to score each criterion. Studies that score more than 50% will be included in the data extraction process; the studies that score less than 50% will be discarded. Using a standardised appraisal tool will enhance the systematic review's consistency, transparency and credibility.



[bookmark: _Toc241025907]3.9.1 Cross-sectional Studies – JBI Checklist
[bookmark: _Toc240929914]Table 4: Quality assessment of included cross-sectional studies using the JBI Critical Appraisal Checklist for Analytical Cross-sectional Studies
	Reference
	Inclusion criteria clearly defined
	Participants/setting described
	Exposure measured validly/reliably
	Objective standard criteria used
	Confounding factors identified
	Strategies to deal with confounding
	Outcomes measured validly/reliably
	Appropriate statistical analysis
	Score /8

	Darling et al., (2020)
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	8/8

	Sutherland et al., (2021)
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	8/8

	Lin et al., (2021)
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	8/8

	Vearing et al., (2021)
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	8/8

	Smith et al., (2021)
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	8/8

	Coley-Grant et al., (2021)
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	8/8

	Phelan et al., (2024)
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	8/8

	Tanna et al., (2023)
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	8/8



[bookmark: _Toc241025908]3.9.2 Qualitative Studies – CASP Checklist
[bookmark: _Toc240929915]Table 5: Quality assessment of included qualitative studies using the CASP Qualitative Studies Checklist
	Reference
	Clear statement of aims
	Appropriate qualitative methodology
	Appropriate research design
	Appropriate recruitment strategy
	Appropriate data collection
	Researcher–participant relationship considered
	Ethical issues considered
	Rigorous data analysis
	Clear statement of findings
	Research value

	Zheng et al., (2025)
	Yes
	Yes
	Yes
	Yes
	Yes
	Unclear
	Yes
	Yes
	Yes
	Yes

	Belfield and Llahana (2024)
	Yes
	Yes
	Yes
	Yes
	Yes
	Unclear
	Yes
	Yes
	Yes
	Yes


[bookmark: _Toc236859077]
The two qualitative studies were critically appraised using the CASP Qualitative Studies Checklist. Both studies demonstrated clear research aims and used qualitative methodologies appropriate for exploring perceptions, experiences and cultural influences relating to vitamin D deficiency. The research designs, recruitment approaches and methods of data collection were considered appropriate for addressing the respective research questions. Ethical considerations and data analysis were also adequately reported. However, the relationship between the researchers and participants was not sufficiently clear in the available methodological information, and this criterion was therefore classified as unclear. Overall, both studies provided relevant qualitative evidence regarding knowledge, perceptions and cultural determinants of vitamin D deficiency among minority ethnic populations in the UK.
[bookmark: _Toc241025909]3.9.3 Cohort Study – CASP Checklist
[bookmark: _Toc240929916]Table 6: Quality assessment of the included cohort study using the CASP Cohort Study Checklist
	Reference
	Focused issue
	Cohort recruited appropriately
	Exposure measured accurately
	Outcome measured accurately
	Confounding factors identified
	Confounding controlled
	Follow-up complete
	Follow-up adequate
	Results
	Precision
	Applicability

	Santana et al., (2024)
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Högler et al., (2022)
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Shraim et al., (2025)
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes



The three Cohort Study was assessed using the CASP Cohort Study Checklist because the study employed a longitudinal cohort design. The study addressed a clearly focused research issue and recruited an appropriate cohort for investigating the relationship between residential greenness, lifestyle and vitamin D status. Exposure and outcome measurements were appropriately considered, while potential confounding factors were identified and addressed. The longitudinal nature of the study provided an advantage over cross-sectional designs by allowing changes in exposure and vitamin D status to be examined over time. Overall, the study was considered methodologically appropriate and provided useful evidence regarding determinants of vitamin D status among South Asian-origin and Caucasian women living in the UK.
[bookmark: _Toc241025910]3.9.4 Case-Control Study – CASP Checklist
[bookmark: _Toc240929917]Table 7: Quality assessment of the included case-control study using the CASP Case-Control Study Checklist
	Reference
	Focused issue
	Cases recruited appropriately
	Controls recruited appropriately
	Exposure measured accurately
	Confounding factors identified
	Confounding controlled
	Outcomes measured accurately
	Results
	Precision
	Applicability

	Bournot et al., (2026)
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Mansour et al., (2023)
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes



The two Case-Control Study was critically appraised using the CASP Case-Control Study Checklist. The study addressed a clearly focused issue concerning serum 25-hydroxyvitamin D status and respiratory tract infections requiring hospital admission across ethnic groups in the UK Biobank cohort. The selection of cases and controls, measurement of exposure and outcomes, and consideration of potential confounding factors were assessed as appropriate. The findings were considered relevant to the review because the study provides evidence concerning vitamin D status in relation to ethnicity and health outcomes within a UK population. However, as a case-control design, the study can identify associations but cannot by itself establish a definitive causal relationship.
[bookmark: _Toc241025911]3.10 Data Extraction
Data extraction involves systematically gathering the information from each study included that is relevant to the research questions, and identifying this information in a standardised way on a predefined data extraction form (Aromataris and Munn, 2020). A data extraction template will be created to provide a structured format for extracting information from all eligible studies. The information extracted will help to compare the studies and aid in thematic synthesis of the evidence on prevalence and risk factors associated with vitamin D deficiency to ethnic minority groups in the UK. The final data extraction table will be shared along with the review results in Chapter Four.
[bookmark: _Toc241025912]3.11 Data Synthesis
Data synthesis involves the systematic incorporation and interpretation of the results of studies included in the review to answer the research question (Braun and Clarke, 2021). Given the expected range of methodology and outcome measures in the studies included in this review, it is not possible to conduct a meta-analysis, rather a thematic synthesis will be attempted using a narrative approach. This is suitable because it allows for the systematic synthesis of evidence from quantitative, qualitative and mixed-methods studies. 
[bookmark: _Toc236859079]The thematic analysis of the synthesis will be conducted following the six steps proposed by Braun and Clarke (2021): familiarisation with the data, initial coding, identification of themes, reviews of themes, themes definition and naming, generation of the final narrative synthesis. Findings will be arranged by the review goals, such as: Prevalence, Demographic determinants, Cultural/Lifestyle determinants, and Socio-economic determinants. Where there is similarity, difference and inconsistent outcomes across the studies, they will be critically analysed to generate synthesis of available evidence that is comprehensive.  
[bookmark: _Toc241025913]3.12 Limitations and Risk of Bias
There are a number of potential limitations that could affect the results of this systematic review. A search conducted in English may lead to language bias and publication bias may occur as studies with statistically significant results are likely to be published. There might also be some heterogeneity across the included studies due to differences in study design, study population, measurement of vitamin D status, and reporting of outcomes. To reduce such restrictions, a thorough search strategy, eligibility criteria and quality appraisal will be used. However, final recommendations from the review will continue to be based on the quality and quantity of available evidence.
[bookmark: _Toc236859080][bookmark: _Toc241025914]3.13 Summary
The methodological procedures to be followed in carrying out the systematic review were described in this chapter. The research philosophy, ethics, research approach, research strategy and research design were explained. The approach used to collect data, search for literature, select studies, evaluate quality, extract data, and synthesise data were also explained. Lastly, the methodological limitations and risk of bias of the review were discussed. The results of the systematic review, including the PRISMA study selection process, characteristics of included studies, quality appraisal results, and thematic synthesis of the evidence are presented in Chapter Four. 
[bookmark: _Toc241025915]Chapter Four: Results
[bookmark: _Toc241025916]4.1 Introduction
In this chapter the results of the systematic review on vitamin D status and deficiency in ethnic minority groups in the UK will be presented. It will present the results of the database search and the selection of the studies in accordance with the PRISMA 2020 framework (Page et al., 2021). The characteristics of the 15 studies included in the chapter will then be presented, followed by a critical appraisal of the methodological quality and risk of bias in each study with appropriate critical appraisal tools. The methods of data extraction as well as narrative synthesis will also be described. The results will then be grouped into five emerging themes: ethnicity and vitamin D deficiency, socioeconomic determinants, lifestyle, environmental and occupational factors, knowledge, awareness and cultural perceptions and supplementation and prevention. Results will be presented objectively, and will be discussed and compared in detail with published works in the Discussion chapter.
[bookmark: _Toc241025917]4.2 Systematic Search Results
The systematic literature search was conducted between 24 July 2026 and 2 August 2026 across seven electronic databases: PubMed, MEDLINE, Embase, Scopus, Web of Science, CINAHL and Google Scholar. The search used combinations of keywords, subject headings and Boolean operators relating to vitamin D deficiency, ethnicity, determinants, lifestyle and the UK population (Page et al., 2021).
A total of 865 records were retrieved from the seven databases: PubMed (n = 185), MEDLINE (n = 142), Embase (n = 124), Scopus (n = 156), Web of Science (n = 110), CINAHL (n = 98) and Google Scholar (n = 50). Following the removal of 185 duplicate records, 680 records remained for screening. After title and abstract screening, 90 full-text articles were assessed for eligibility. Following full-text assessment and quality appraisal, 15 studies were included in the final systematic review.
The final evidence base comprised eight cross-sectional studies, two qualitative studies, three cohort studies and two case-control studies. The complete identification, screening, eligibility, quality-appraisal and inclusion process is presented in the PRISMA 2020 flow diagram (Figure 1) (Page et al., 2021).

[bookmark: _Toc241025918]4.3 PRISMA Flow Diagram
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Figure 1: PRISMA 2020 flow diagram illustrating the identification, screening, eligibility assessment, quality appraisal, and inclusion of studies in the systematic review.
The PRISMA 2020 flow diagram will summarise the process of identifying studies in databases, screening, full-text eligibility assessment and final inclusion (Page et al., 2021). The 15 studies included were eight cross-sectional, three cohorts, two qualitative, and two case-control studies. This distribution was in line with the strong observational nature of the evidence available, and also included qualitative evidence relating to knowledge, perceptions and cultural influences.
[bookmark: _Toc241025919]4.4 Characteristics of Included Studies
The systematic review included a total of 15 studies. These included eight cross sectional studies, two qualitative studies, three cohort studies and two case control studies. The evidence included in the articles included various populations and age ranges from newborns, older adults, working-age adults, and healthcare workers. A few studies specifically investigated British-Bangladeshi, Indian and Pakistani ethnic groups, as well as ethnic groups from Africa, Asian, Chinese, mixed or wider UK ethnic groups (Darling et al., 2020; Sutherland et al., 2021; Vearing et al., 2021). The quantitative findings supported by large UK Biobank datasets showed that, for most of the studies, participants had limited knowledge about the disease, and there was less understanding of its presentation and causes in women than in men. The qualitative studies gave detailed evidence on knowledge, perceptions and cultural influences (Zheng et al., 2025; Belfield and Llahana, 2024).

Most quantitative studies measured serum 25-hydroxyvitamin D [25(OH)D] levels. The definition of deficiency differed, however, among studies as a result of differences in population and research purpose. Other variables extracted were occupation, diet, supplementation, ethnicity, socioeconomic deprivation, sunlight exposure, residential environment, knowledge and/or perceptions about vitamin D. The evidence thus showed a great deal of variation in both the design of the studies and the measurement of the outcomes, which was not suitable for statistical pooling and warranted a narrative synthesis approach. The major features and conclusions noted are presented in Table 8. 
[bookmark: _Toc240929918]Table 8: Characteristics and Data Extraction of the Included Studies
	Study
	Author/year
	Objective/purpose
	Setting/sample
	Methodology/design
	Strengths
	Weaknesses
	Results/outcomes
	Conclusion

	1
	Darling et al., (2020)
	Examine vitamin D deficiency in UK South Asians
	UK Biobank; 6,433 South Asians
	Cross-sectional
	Large sample; ethnic subgroup analysis
	Observational design
	Very high deficiency among South Asians
	South Asians were at high risk

	2
	Sutherland et al., (2021)
	Assess ethnic and socioeconomic determinants
	440,581 UK Biobank participants
	Cross-sectional
	Very large multi-ethnic sample
	Self-reported behavioural factors
	Deficiency highest among Asian and Black groups; deprivation associated with deficiency (Sutherland et al., 2021).
	Ethnicity and deprivation were important determinants

	3
	Lin et al., (2021)
	Examine UK distribution of vitamin D status
	449,943 UK Biobank participants
	Cross-sectional
	National-scale dataset
	Cross-sectional associations
	Asian and Black participants had greater deficiency; season and deprivation were associated with status (Lin et al., 2021).
	Vitamin D status varied by ethnicity, season and geography

	4
	Vearing et al., (2021)
	Assess vitamin D status in African-Caribbean residents
	UK Biobank; African-Caribbean/African adults
	Cross-sectional
	Ethnic-specific analysis
	Observational design
	Low 25(OH)D and seasonal variation were identified (Vearing et al., 2021).
	African-Caribbean populations were vulnerable to deficiency

	5
	Smith et al., (2021)
	Compare vitamin D status among British-Bangladeshi migrants
	149 women; UK and Bangladesh comparison
	Cross-sectional
	Direct migrant comparison
	Relatively small sample
	Differences in vitamin D status were observed between groups
	Migration/environment influenced vitamin D status

	6
	Coley-Grant et al., (2021)
	Examine relationship between PTH and vitamin D
	UK South Asian and White adults
	Cross-sectional
	Comparative ethnic design
	Limited causal inference
	Ethnic differences in vitamin D–PTH relationship
	Vitamin D status differed between groups

	7
	Zheng et al., (2025)
	Explore perceptions and cultural influences
	9 minority ethnic adults aged 60+; East London
	Qualitative
	Rich contextual evidence
	Small purposive sample
	Knowledge, cultural influences and access were important
	Targeted education and support were needed

	8
	Belfield and Llahana (2024)
	Explore knowledge and perceptions among Bengali women
	UK women of Bengali origin
	Qualitative
	In-depth participant perspectives
	Limited generalisability
	Knowledge and perceptions influenced vitamin D-related behaviour
	Cultural and educational factors shaped awareness

	9
	Santana et al., (2024)
	Examine greenness, lifestyle and vitamin D
	309 South Asian-origin and Caucasian women; southern UK
	Cohort
	Longitudinal seasonal measurements
	Female-specific sample
	Lifestyle, residential greenness and UV exposure were related to vitamin D status
	Environment and lifestyle contributed to variation

	10
	Phelan et al., (2024)
	Examine occupational vitamin D risk
	UK healthcare workers
	Cross-sectional
	Occupational focus
	Cross-sectional design
	Occupational exposure was associated with vitamin D risk
	Work patterns may influence status

	11
	Tanna et al., (2023)
	Examine knowledge, attitudes and supplementation practises
	556 UK adults
	Cross-sectional
	Behavioural focus; diverse sample
	Online self-report survey
	Awareness and supplement use varied; participants wanted clearer guidance
	Knowledge influenced supplementation practises

	12
	Uday et al., (2021)
	Assess neonatal vitamin D deficiency and antenatal programme effectiveness
	2,999 newborns; Midlands England
	Cross-sectional
	Objective DBS measurement; seasonal comparison
	Single regional setting
	Deficiency was higher among Asian and Black newborns (Uday et al., 2021).
	Existing supplementation did not adequately protect high-risk infants

	13
	Högler et al., (2022)
	Examine socioeconomic and environmental determinants
	2,999 multi-ethnic newborns
	Cohort
	Objective biochemical measurement
	Newborn-focused population
	Season, ethnicity, deprivation and living environment influenced status
	Social and environmental conditions affected neonatal status

	14
	Shraim et al., (2025)
	Identify determinants of profound deficiency
	369,626 UK Biobank participants
	Cohort
	Very large sample
	Observational dataset
	Profound deficiency was particularly prevalent among Asian participants
	Ethnicity, UVB and lifestyle factors were important

	15
	Bournot et al., (2026)
	Examine vitamin D and RTI hospitalisation across ethnic groups
	36,258 UK Biobank participants
	Case-control
	Large multi-ethnic analysis
	Observational design
	Lower 25(OH)D was associated with greater RTI hospitalisation risk (Bournot et al., 2026).
	Vitamin D status may be relevant to ethnic differences in health outcomes



A table shows the two studies provided that were qualitative, three that were cohort studies, and one that was confirmed as a case-control study (Bournot et al., 2026). In the information provided thus far, bibliographic information for the second case-control study is missing; for this reason, it should be entered into and not be "made up". This is important because the final dissertation should have precisely 15 verifiable studies. 
The studies all highlighted significant disparities in vitamin D levels between ethnic groups, especially South Asian and African/African-Caribbean groups. Specific British-Bangladeshi populations were further evidence to the wider ethnic groups in the UK. Most of the quantitative studies measured 25(OH)D, with qualitative research contributing to the evidence base through knowledge and cultural perceptions and behaviour. Ethnicity, socioeconomic factors, supplementation, lifestyle, occupational exposure, season, and environmental factors were found to be interrelated factors affecting vitamin D status, rather than standalone ones across studies.


[bookmark: _Toc241025920]4.5 Quality Assessment Results
Design-appropriate critical appraisal tools were used to judge the methodological quality of the 15 studies included. For the eight cross sectional studies, the JBI analytical cross sectional checklist was used, and the CASP qualitative, cohort and case control checklists were used for the cross section studies of the respective study designs. These tools evaluated aspects such as sampling, measurement validity, confounding, data analysis, findings and applicability (Critical Appraisal Skills Programme, 2024; Barker et al., 2026). As a whole, the studies included were generally of acceptable to good methodological quality with some limitations of observational studies identified.
[bookmark: _Toc241025921]4.6. Outcome of Quality Assessment
Overall, the majority of studies were retained because their methodological quality was considered acceptable or good. Nevertheless, the predominance of observational designs limited causal inference, and residual confounding remained possible. Cross-sectional studies could identify associations but could not establish temporal relationships. The qualitative studies contributed valuable contextual depth regarding cultural perceptions and knowledge, although their smaller samples limited generalisability. These limitations were considered when synthesising and interpreting the findings in subsequent chapters (Critical Appraisal Skills Programme, 2024; Barker et al., 2026).

[bookmark: _Toc241025922]4.7 Data Extraction and Synthesis
There were a number of similarities and important methodological and outcome differences evident in the data obtained from the 15 studies included. Each study involved an ethnic minority group or ethnically diverse group in the UK and studied vitamin D status and/or deficiency or underlying factors. Specific groups included in the evidence were South Asian, British-Bangladeshi and African-Caribbean populations as well as wider multi-ethnic UK populations (Darling et al., 2020; Smith et al., 2021; Vearing et al., 2021).
There was significant age, ethnic, sample size, setting, and study design differences. Sample sizes varied from small qualitative samples, such in Zheng et al., (2025), to the very large UK Biobank sample of hundreds of thousands of participants (Lin et al., 2021; Shraim et al., 2025). The studies were also heterogeneous in terms of outcome measure, as quantitative studies mostly measured serum 25-hydroxyvitamin D [25(OH)D] or equivalent, with some also reporting on supplementation, lifestyle, occupational exposure, environmental factors and socioeconomic factors.
This methodological diversity was also observed. Most of the cross-sectional studies focused on prevalence and associations with demographic, socioeconomic or behavioural characteristics while the cohort studies focused on temporal trends and longitudinal relationships (Santana et al., 2024; Högler et al., 2022). The qualitative studies supported these results and provided explanations for the knowledge, cultural factors, and perceptions and barriers of vitamin D and supplementation (Belfield and Llahana, 2024; Zheng et al., 2025).
Although the populations studied, designs, and measurements differed, the results of the extracted evidence, analysed thematically, showed that there were several patterns of consistency, mainly in relation to ethnic inequalities, socioeconomic status, lifestyle and environmental factors, cultural knowledge and vitamin D supplementation. The five themes presented in the following sections were based on these patterns.
[bookmark: _Toc241025923]4.8 Theme 1: Ethnicity and Vitamin D Deficiency
The findings showed a strong trend of vitamin D deficiency in a number of ethnic minority groups in the UK. Ethnic differences were seen most clearly within the South Asian and African-Caribbean populations where levels of 25-hydroxyvitamin D (25(OH)D) were reported as lower and prevalence of deficiency as higher than White European. Large UK Biobank analyses found that ethnicity was still a significant determinant of vitamin D status, albeit to different extents across the seasons and other traits (Sutherland et al., 2021; Lin et al., 2021).
Darling et al (2020) reported a very high prevalence of 25(OH)D deficiency in 6,433 adults in the UK who were South Asian, with a prevalence of 93.6%. Their results revealed vitamin D deficiency in particular in this population, and thus a significant ethnic difference in vitamin D status. Likewise, Sutherland et al., (2021) reported that vitamin D deficiency was significantly higher among the Asian participants as compared to the White European participants. There was no seasonal trend effect and deficiency was observed in both winter/spring and summer/autumn groups. The results indicated that South Asian ethnicity was consistently linked to low levels of vitamin D status.
Smith et al., (2021) reported on vitamin D status in British-Bangladeshi migrant women when compared to White British women and women in Bangladesh. The study found that there were differences in vitamin D status between the groups, reflecting a possible vitamin D ‘mismatch' related to migration and shifting environmental and lifestyle circumstances. The results showed that the migration background may have a differential effect on vitamin D status depending on the interaction with sunlight exposure, lifestyle and environmental adaptation and not only as a function of country of birth (Smith et al., 2021).
Within African-Caribbean communities Vearing et al., 2021, reported significant differences in vitamin D levels, with over one third considered vitamin D deficient. Additionally, skin phenotype and season were found to be significant predictors. Ethnic differences in vitamin D status could be explained by biological mechanisms, such as the decreased efficiency of vitamin D production in the skin after exposure to UVB radiation, as a result of darker pigmentation (Vearing et al., 2021).
Coley-Grant et al., (2021) also showed that the association of 25(OH)D with PTH was different between South Asian and White participants, suggesting that the response of vitamin D and PTH may differ between ethnic groups. The overall evidence suggested that ethnicity was an important factor in determining vitamin D deficiency but not a stand-alone explanatory factor. Biological characteristics, behaviour, sunlight exposure, diet, socioeconomic circumstances and environmental conditions appeared to interact with ethnicity to influence vitamin D status (Darling et al., 2020; Sutherland et al., 2021; Vearing et al., 2021).
[bookmark: _Toc241025924]4.9 Theme 2: Socioeconomic Determinants of Vitamin D Status
The results showed that there was variation in vitamin D status of UK populations related to socioeconomic factors. In addition to ethnic and seasonal variations, Sutherland et al (2021) found socioeconomic deprivation to be an important factor associated with vitamin D deficiency. This indicated that vitamin D inequality was not necessarily an ethnic problem and that social factors had a broader influence in addition.
Socioeconomic deprivation could affect vitamin D status by impacting access to healthy foods, supplements, health care information, and appropriate outdoor environments. People with socioeconomic disadvantage may also not have as many opportunities to access outdoor activities or vitamin D fortified foods or supplements. The observational studies included in this review, however, more often than not, showed associations rather than causation (Sutherland et al., 2021).
Another socioeconomic factor was occupation. Long workdays indoors can limit access to the sun and working hours can affect one's lifestyle and time spent outdoors. This was especially true of the results related to UK health care staff (Phelan et al., 2024).
The home environment also seemed to be pertinent. Högler et al., (2022) identified relationships between maternal socioeconomic deprivation, living environment and newborn 25(OH)D concentrations, with season and ethnicity showing particularly strong relationships with vitamin D status. Overall, socioeconomic status seemed to act as a broader social determinant, impacting on behavioural and environmental exposure and therefore, contributing to the differences in vitamin D status.
[bookmark: _Toc241025925]4.10 Theme 3: Lifestyle, Environmental and Occupational Factors
The studies included demonstrated the effect of lifestyle and environmental factors on opportunities for vitamin D synthesis and maintenance. Santana et al (2024) studied the association between residential greenness, lifestyle and vitamin D status in women with south Asian origin and Caucasian women, residing in southern England. The longitudinal design allowed for evidence of vitamin D status change over time and across environmental conditions to be provided. The study results suggested that residential greenness and lifestyle/UV radiation are important factors in vitamin D status (Santana et al., 2024).
Sunlight exposure and outdoor activity were important factors as the production of vitamin D in the skin is dependant on exposure to ultraviolet-B radiation. The impact of outdoor exposure was also not necessarily equal among ethnic groups, however, and darker skin pigmentation may have been associated with a need for increased UVB exposure for a similar amount of vitamin D production (Sutherland et al., 2021; Vearing et al., 2021).
The occupation and indoor working pattern were also important environmental factors. Phelan et al., (2024) looked at how vitamin D may be a modifiable factor in the workplace among UK healthcare workers, emphasising the importance of exposure in the work environment and the restricted sunlight opportunities.
Differences in vitamin D status also were associated with dietary patterns and supplement use. In summary, the evidence indicated that vitamin D status was related to a combination of sunlight exposure, outdoor behaviour, residential environment, occupation, diet and ethnicity, rather than to one of these factors alone.
[bookmark: _Toc241025926]4.11 Theme 4: Knowledge, Awareness and Cultural Perceptions
The results showed that understanding and cultural beliefs affected the understanding and response of minority ethnic populations to vitamin D deficiency. In East London, Zheng et al (2025) identified knowledge, sources of information, cultural influences and practical barriers as aspects of vitamin D-related behaviour that were important to minority ethnic adults aged 60 years and over. There were also positive attitudes toward supplementation, and challenges to access and cost and exposure of sunlight were identified (Zheng et al., 2025).
Likewise, Belfield and Llahana (2024) found that the knowledge and perceptions of vitamin D deficiency among women of Bengali origin was different. The qualitative evidence offered context for differences which could not be covered by quantitative evidence alone.
This was corroborated by findings from Tanna et al., 2023 who conducted a survey across the UK which found there was some variation in awareness, supplementation practises, and information sources. Participants felt there was a need for clearer guidance, and health professionals and information on NHS were important trusted sources.
The evidence as a whole indicated that knowledge does not always automatically lead to preventive actions. Factors such as cultural perceptions, access, perceived risk, and practical situations and confidence in the information available might affect whether awareness led to supplementation or other preventive practises. In this way, qualitative evidence brought experiential and cultural depth to the quantitative evidence (Belfield and Llahana, 2024; Zheng et al., 2025).
[bookmark: _Toc241025927]4.12 Theme 5: Vitamin D Supplementation and Prevention
The studies included in this review showed that vitamin D supplementation is key to vitamin D prevention, especially for people at higher risk of vitamin D deficiency. Despite relatively high levels of awareness of vitamin D, there was variation in supplementation practises amongst adults in the UK: there was a need for greater clarity on what to do, meaning that awareness and actual preventive practise were not always synonymous (Tanna et al., 2023).
The antenatal/newborn screening study provided evidence of a concern for high-risk ethnic groups. Newborn screening revealed that babies with darker skin had higher levels of vitamin D deficiency than those with lighter skin, highlighting inadequate vitamin D supplementation across the country, even though the national programme has been implemented (Uday et al., 2021).
Other quantitative evidence also indicated that supplementation might be a protective factor. Shraim et al., (2025) found that supplements and fish consumption were negatively correlated with having a profound vitamin D deficiency, and ethnicity and low ambient UVB exposure were significant predictors.
In general, the results indicated that supplementation was an important prevention strategy, though it was not always taken up, adhered to, or used correctly, depending on the population. The findings were documented as evidence from the studies that have been included; implications for policy and practise are discussed and recommended more suitably in the Discussion and Recommendations chapters. 
[bookmark: _Toc241025928]4.13 Summary of Main Findings
The main results of the systematic review were:
1. Several ethnic minority groups in the UK had a specific deficiency in vitamin D. 
2. South Asians were a key high-risk group (Darling et al., 2020; Sutherland et al., 2021). 
3. There were also significant ethnic differences in vitamin D status among those of British-Bangladeshi and African-Caribbean ethnicity (Smith et al., 2021; Vearing et al., 2021). 
4. There was variation in vitamin D status with socioeconomic deprivation (Sutherland et al., 2021; Högler et al., 2022). 
5. Inflammation, lifestyle, occupational and environmental exposure was found to have an impact on vitamin D related outcomes (Santana et al., 2024; Phelan et al., 2024). 
6. Knowledge and cultural perceptions were found to be factors that influenced preventive behaviour (Zheng et al., 2025; Belfield and Llahana, 2024). 
7. However, there was not complete alignment of supplementation practises and awareness (Tanna et al., 2023). 
8. Ethnicity and broader social and environmental factors were indicated as having a relationship. 
9. These were mainly observational, constraining causal interpretation. 
[bookmark: _Toc241025929]4.14 Chapter Summary
The results of 15 studies included in the chapter were from cross sectional, qualitative, cohort and case-control studies. Appropriate JBI and CASP tools were used to evaluate the methodological quality of the studies, and five key themes appeared in the narrative synthesis. Ethnicity was a significant factor in vitamin D status, specifically for South Asians and African-Caribbean people, and social, lifestyle, environmental and cultural factors were also found to play a role. The critical discussion in Chapter Five was based on these findings.
[bookmark: _Toc241025930]Chapter Five: Discussion
[bookmark: _Toc241025931]5.1 Introduction 
This chapter critically examines and explains the results from the systematic review regarding the research question and research objectives. The discussion does not repeat the results summarised in Chapter Four, but rather reflects on the meaning of the results and how the results connect to the findings of prior studies. This is consistent with the principles of systematic review which involve interpreting findings within the context of the broader evidence base as well as the methodological features of the studies included in the review (Page et al., 2021; Higgins et al., 2024). Ethnic minority population specific factors influencing vitamin D status are highlighted, as ethnicity may be influenced by socioeconomic, behavioural and environmental factors (Darling et al., 2020; Sutherland et al., 2021; Lin et al., 2021). Five themes are discussed that are closely linked: ethnicity and vitamin D deficiency; socioeconomic determinants of vitamin D status; lifestyle, environmental and occupational factors; vitamin D knowledge, awareness and cultural perceptions; and vitamin D supplementation and prevention. The findings from the studies included are critically compared against the past research to establish areas of convergence, conflict and ambiguity. The methodological strengths and limitations of the evidence base are also taken into account before the results are compared to the research question and each research objective.
[bookmark: _Toc241025932]5.2 Discussion of Main Findings
[bookmark: _Toc241025933]5.2.1 Theme 1: Ethnicity and Vitamin D Deficiency
The most consistent result from this systematic review was the consistently sub-optimal vitamin D status seen within a number of ethnic minority groups in the UK, including South Asian and Black/African-Caribbean groups. Studies in large UK Biobank cohorts have found that vitamin D deficiency is much more common in Asian and Black compared to White individuals (Darling et al., 2020; Sutherland et al., 2021; Lin et al., 2021). In a similar study, Vearing et al., (2021) observed high levels of deficiency and insufficiency among African-Caribbean and African residents in Britain and Coley-Grant et al., (2021) reported a vitamin D deficiency in UK South Asians compared to White participants. This is consistent with the wider UK and international evidence that shows that populations with darker skin pigmentations are more likely to be vitamin D deficient in higher latitudes countries (Hanel and Carlberg, 2020; Darling, 2020).
It would be a mistake to equate ethnicity with a discrete biotic variable. Besides the reduction in cutaneous vitamin D synthesis that occurs with similar ultraviolet B (UVB) exposure to skin, ethnicity is also linked to variation in exposure to the sun (sunbathers, clothing habits, etc.), dietary intake, work, socioeconomic status, and vitamin D supplementation (Ospina et al., 2024; Hanel and Carlberg, 2020). This more multidimensional interpretation of the findings of Sutherland et al., (2021) and Lin et al., (2021) is justified, as vitamin D deficiency was also related to season and deprivation, body composition, lifestyle and supplementation. 
This is especially highlighted in Smith et al., (2021), who compared British-Bangladeshi migrants with populations in Bangladesh and showed that there could be important consequences of a mismatch between ancestral adaptation and the environment in the UK. This lends support to the hypothesis that migration to a higher latitude environment may change exposure conditions and hence vitamin D status. But the data is still largely observational. Most of the studies included were cross-sectional, and cannot determine temporal causality. Larger samples, especially from UK Biobank, can enhance the statistical reliability but cannot rule out selection bias or residual confounding. However, the evidence presented is strong to conclude that there is evidence of ethnic inequalities in vitamin D status but not to conclude that these inequalities are solely due to ethnicity.
[bookmark: _Toc241025934]5.2.2 Theme 2: Socioeconomic Determinants
The review also showed that social and economic factors can be associated with disparities in vitamin D status. Sutherland et al., (2021) found an association between socioeconomic deprivation and vitamin D deficiency, and Högler et al., (2022) found relationships between socioeconomic deprivation, living environment and newborn vitamin D concentrations. The results are in line with the general message that health inequalities may be manifested along several material and behavioural pathways, and not just income.
Importantly, the socioeconomic deprivation must not be viewed as a direct physiological cause of vitamin D deficiency. Rather, lower socioeconomic status may limit access to nutritious foods, supplements, environmental conditions conducive to outdoor activity, and prevention services, in addition to impacting housing and job conditions. This interpretation is supported by the findings of Phelan et al (2024) who have found that there were differences in vitamin D levels between occupational groups and between demographics of healthcare workers in the UK. Thus, there is a chain of interrelated exposures linking socioeconomic factors.
However, care should be taken in interpreting the evidence. There was no uniformity in measuring the socioeconomic variables across the studies and these studies were observational in nature, which restricted the conclusions about the causal relationships. The results thus indicate that socioeconomic disadvantage is a key contextual factor but not a single cause of ethnic differences in vitamin D status.
[bookmark: _Toc241025935]5.2.3 Theme 3: Lifestyle, Environmental and Occupational Factors
Further differences in vitamin D status were explained by lifestyle and environmental factors. Dietary intake, supplementation, and occupational exposure were consistently linked to vitamin D status in the evidence included, as was season and sunlight exposure (Darling et al., 2020; Sutherland et al., 2021; Vearing et al., 2021). This is biologically plausible because the production of vitamin D by the skin continues to be a significant source, and dietary and supplement sources can be used to make up for inadequate environmental production.
The longitudinal design of Santana et al., (2024) study was useful in providing evidence for the seasonal variation in vitamin D and residential greenness, the exposure to the ultraviolet radiation, and lifestyle parameters. The results indicate that environmental exposures can be a factor in changes in vitamin D status over time. The association between environmental exposure and vitamin D production is not consistent among different populations, however. Sutherland et al., (2021) showed that outdoor time in the summer was less effective for Black participants than for White Europeans, reinforcing the need for the skin colour of individuals to be taken into consideration when assessing sunlight exposure.
Dietary behaviour also seems to be relevant. Oily fish consumption was a protective factor in several studies and in one study supplementation was noted to reduce the risk of deficiency (Darling et al., 2020; Sutherland et al., 2021; Shraim et al., 2025). Similarly, for the studies to be found in occupational research, e.g. Phelan et al., (2024), the relevance of indoor work, but individual differences in outdoor work are not fully included. In summary, the data shows that vitamin D status is the product of biological capacity, environmental exposure and behaviours rather than mediated by any one of these individual factors.
[bookmark: _Toc241025936]5.2.4 Theme 4: Knowledge, Awareness and Cultural Perceptions
The qualitative evidence was therefore a useful addition to provide a behavioural dimension that was not as apparent in the quantitative studies. Zheng et al., (2025) and Belfield and Llahana (2024) demonstrated that there were differences in knowledge and attitudes of vitamin D deficiency, supplementation and dietary habits among those of minority ethnic communities. In the UK, Tanna et al., (2023) also showed that vitamin D awareness was fairly high among adults and healthcare professionals and NHSC were viewed as trustworthy sources of information.
Just because you have knowledge doesn't mean you will take preventive action. The result is important because purely information-based public-health interventions might be ineffective if barriers at the structural and cultural level do not get addressed. Zheng et al., (2025) found that cultural factors and accessibility to sunlight are barriers to behaviour, highlighting that behaviour can also be influenced by circumstances in addition to individual knowledge. The results of Belfield and Llahana (2024) also suggest that culturally specific perceptions might affect the perception of vitamin D deficiency among Bengali-origin women. So these studies must not be seen as being representative of all ethnic minority groups in the UK. 
[bookmark: _Toc241025937]5.2.5 Theme 5: Vitamin D Supplementation and Prevention
The last theme suggests that supplementation is an important potentially modifiable aspect of vitamin D prevention. The use of vitamin D supplements was found to be associated with improved vitamin D status or reduced risk for vitamin D deficiency in several studies (Darling et al., 2020; Sutherland et al., 2021; Shraim et al., 2025). Tanna et al., (2023) also found significant public interest in the use of supplements and vitamin D fortification, but not necessarily in the form of regular use.
In terms of prevention, evidence from Uday et al., (2021) is particularly important as it showed that there was significant vitamin D deficiency in newborns and this deficiency is significant across the various ethnic groups and seasons. Högler et al., (2022) also showed that seasonal and socioeconomic factors impact newborn vitamin D status. The findings here suggest that both maternal vulnerability and early-life vulnerability should be taken into account in the design of prevention strategies. But further evidence comes from Shraim et al., who found a very large sample of UK Biobank participants to be suffering from severe vitamin D deficiency, which was over-represented in the Asian population and was strongly correlated with low ambient UVB exposure.
While there is some evidence, supplement use should be interpreted with caution. Most of the evidence provided herein is association-based, not randomised intervention-based, thus some supplementation cannot always be attributed as the direct cause of better vitamin D status. There may be healthy user bias as users differ from non-users in health awareness, diet, and involvement in health care.
[bookmark: _Toc241025938]5.3 Findings in Relation to Research Question and Objectives
[bookmark: _Toc241025939]5.3.1 Research Question - What is the key demographic, cultural, and socioeconomic determinants associated with vitamin D deficiency among ethnic minority populations in the United Kingdom?
The results suggest a high prevalence of vitamin D deficiency in ethnic minority groups in the UK, with many interacting factors accounting for this. Season, sunlight exposure, diet, supplementation, socioeconomic deprivation and occupational factors also were associated with poorer vitamin D status, with ethnicity consistently being associated with poorer status, especially for South Asian and Black populations (Darling et al., 2020; Sutherland et al., 2021; Lin et al., 2021; Vearing et al., 2021). Overall, the evidence showed that vitamin D status in ethnic minority groups in the UK was affected by interacting ethnic, socioeconomic, lifestyle, environmental and behavioural factors and not solely ethnicity. 
[bookmark: _Toc241025940]5.3.2 Objective 1 - To determine the underlying reasons, influences and prevalence of vitamin D deficiency among ethnic minority populations living in the United Kingdom.
The goal was met because the evidence reviewed showed that there was a significant deficiency in South Asian, Black African and African-Caribbean populations (Darling et al., 2020; Sutherland et al., 2021; Lin et al., 2021; Vearing et al., 2021) and ethnicity, season, limited exposure to UV, dietary patterns, supplementation and socioeconomic circumstances were identified as important influencers. But mostly observational evidence is used to restrict causal interpretation. Objective 1 was achieved.
[bookmark: _Toc241025941]5.3.3 Objective 2 -To examine the association between demographic factors (such as age, gender, ethnicity, and duration of residence in the UK) and vitamin D deficiency.
Ethnicity was consistently associated with vitamin D status, with age and gender also being shown to have some effect on the risk of vitamin D deficiency in some studies (Darling et al., 2020; Sutherland et al., 2021; Phelan et al., 2024). The importance of migration and length of time in the country was also noted by Smith et al (2021) who pointed to the distinction between British-Bangladeshi and Bangladeshi women. Objective 2 was achieving. 
[bookmark: _Toc241025942]5.3.4 Objective 3 -To assess the influence of cultural and lifestyle factors (including clothing practices, dietary habits, sun exposure, and supplementation use) on vitamin D status
The results indicated that sun exposure, diet and dietary supplements were associated with vitamin D status, whereas cultural practises may have an impact on exposure to sunlight and dietary practises (Darling et al., 2020; Sutherland et al., 2021; Vearing et al., 2021). Practical barriers to prevention and cultural perceptions of prevention were also identified in qualitative evidence (Zheng et al., 2025; Belfield and Llahana, 2024). Objective 3 was achieved.
[bookmark: _Toc241025943]5.3.5 Objective 4 -To evaluate the impact of socioeconomic factors (such as income level, education, and access to healthcare services) on the risk of vitamin D deficiency among ethnic minority in the UK.
Lower levels of vitamin D occurred in the new-born and UK Biobank studies in relation to socioeconomic deprivation (Högler et al., 2022; Sutherland et al., 2021). Qualitative evidence also suggested that cost, accessibility and practical barriers may impact prevention and supplementation (Zheng et al., 2025). But, socioeconomic measures were not uniformly collected in all studies. Some success was made towards Objective 4.
[bookmark: _Toc241025944]5.4 Implications and Future Research Needs
[bookmark: _Toc241025945]5.4.1 Public Health Implications 
This study has relevance to public health policy in the UK. Targeted measures to prevent vitamin D deficiency in ethnic minority groups should be implemented alongside universal measures which do not consider the varied population groups. Ethnicity should be taken into account, in public health programmes, alongside season, sunlight exposure, diet and socioeconomic factors and access to supplementation. Higher risk groups are especially important with regard to improving awareness and access to preventive resources (Sutherland et al., 2021; Lin et al., 2021).
[bookmark: _Toc241025946]5.4.2 Implications for Healthcare Professionals 
Healthcare professionals should be aware of ethnic minority groups as being potentially at a higher risk and be mindful of the differences in demographic, cultural, lifestyle and socioeconomic risk factors when giving advices on vitamin D. Communication can enhance understanding and engagement, especially if there are misconceptions, access or cost barriers to prevention (Belfield and Llahana, 2024; Zheng et al., 2025).
[bookmark: _Toc241025947]5.4.3 Prevention and Supplementation 
There is a need to integrate prevention strategies, including: appropriate supplementation counselling and promotion of dietary sources, safe sun exposure and better access to credible information. However, there is evidence that supplementation is associated with improved vitamin D status, highlighting its potential for prevention but also a challenge in adherence and access to supplementation equitably (Darling et al., 2020; Sutherland et al., 2021; Shraim et al., 2025).
[bookmark: _Toc241025948]5.4.4 Future Research Needs
Longitudinal and intervention studies are needed in the future to facilitate the conclusion of temporal relationships and effectiveness of ethnic minority specific prevention strategies. Research should also explore any adherence issues with supplementation and cultural barriers, as well as any socioeconomic factors and occupational exposure to sunlight. Standardisation of vitamin D deficiency levels would facilitate comparison across studies and enhance the evidence synthesis. Further research is needed for improved coverage of under-researched ethnic minority groups and to explore the interaction of individual demographic, cultural, environmental and socioeconomic factors over time. This research would help inform more robustly developed interventions and their impact on vitamin D status disparities.
[bookmark: _Toc241025949]5.5 Strengths, Limitations and Potential Bias
[bookmark: _Toc241025950]5.5.1 Strengths
There are a number of strengths to this systematic review. A systematic search of seven databases was conducted with a predetermined eligibility criterion, supporting a structured and transparent evidence-identification process. The review was conducted using PRISMA 2020 guidelines and critically appraised the quality of the method. Cross-sectional, qualitative, cohort and case-control studies were included, allowing for both measurable associations and context to be considered. Thematic synthesis also helped to integrate evidence across the various determinants of vitamin D deficiency.
[bookmark: _Toc241025951]5.5.2 Limitations and Potential Bias 
Available evidence may have been affected by publication bias at the review level as significant papers are more likely to be published. While seven databases were searched, relevant studies may have been missed from those that are not indexed in them. Heterogeneity was also introduced because of the differences in populations, study designs, measurement techniques and vitamin D thresholds, making direct comparisons difficult. The conclusions of the review are primarily based on the quality and reporting of the studies included, as it combines secondary evidence.
Most of the evidence on the included-study level was observational in nature, and some of the cross-sectional studies did not allow the determination of causation. Some samples may have been selected in a way that led to selection bias and self-reported data on diet, sun exposure and lifestyle may have resulted in recall or reporting bias. There is also the potential for residual confounding due to the close relationship among the demographic, socioeconomic and behavioural factors. Additionally, differences in definitions and thresholds of vitamin D deficiency may have affected vitamin D deficiency prevalence reported by different studies.
[bookmark: _Toc241025952]5.6 Conclusions
In the UK, this systematic review reported the high prevalence of vitamin D deficiency in ethnic minority groups, especially amongst South Asian and Black communities. But there was no association between vitamin D status and ethnic group. The evidence showed interactions between ethnicity, sunlight exposure, season, diet, supplements, and socioeconomic factors and lifestyle. Thus, there is great potential for targeted prevention and supplementation to help prevent vitamin D deficiency, especially in higher-risk groups. However, the body of evidence was largely observational and varied, which made it difficult to draw conclusions about causation and to be certain of the comparability of studies. In overall, a multi-dimensional approach is necessary and culturally sensitive approach should be taken to tackle vitamin D deficiency and related inequalities in ethnic minority groups in the UK.
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