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ABSTRACT 
Background: Diabetes type 2 is the fastest growing non-communicable endocrine 
disease affecting over 830 million people globally. Diabetes complications 
include cardiovascular and renal disorders, loss of vision and foot amputations. 
Obesity is a complex chronic disease defined by excessive fat deposits which 
negatively impact health and the main risk factor of diabetes type 2. Similarly to 
diabetes type 2, prevalence of obesity shows a negative increasing trend. 
Obesity in adults has doubled since 1990, and fourfold in children and 
adolescents. According to several research studies, both obesity and diabetes 
type 2 have the same social determinants as social and socio-economic 
deprivation, isolation, low level of education and unhealthy eating habits.  
Aim: The aim of this research is to examine the role of socio-economic deprivation 
in an increasing trend and prevalence of obesity and diabetes type 2 among 
people aged 16+ in England and Sweden, based on the routine epidemiological 
data for 2021-2024 years.  
Methods: A statistical analysis is based on 61 England counties & unitary 
authorities, of these 16 counties relate to the most and second most deprived areas 
of England, and 15 to the least and second least ones. By simple random sampling 
technique 31 counties & unitary authorities were randomly picked for the analysis. 
Pearson’s product-moment correlation coefficient and multiple regression analyses 
were used to investigate possible associations, their strength and direction 
between the prevalence of diabetes, socio-economic deprivation, obesity and 
daily fruit and vegetables consumption. Data on four health indicators were 
retrieved from the England’s electronic database – Public Health Profiles. For 
Sweden, seven health indicators reflecting the prevalence of diabetes, obesity, 
economic standard and level of daily fruit, berries and vegetables intake, 
according to socio-economic area type and income quantile were extracted from 
the Swedish Public Health Database. A comparative analysis and visual 
presentation of results were implemented for Sweden.  
Findings: For both countries, positive associations were revealed between socio-
economic deprivation, prevalence of obesity and diabetes type 2. In addition to 
this, the overall low consumption of fruit and vegetables was detected in low-
income areas, with socio-economic challenges. This research showed that the 
prevalence of obesity and diabetes type 2 is increasing, and conversely, daily 
fruit and vegetables consumption is decreasing with the increase in deprivation 
level of area. The results of the statistical analysis for England showed high 
statistical significance and a strong level of associations revealed.  
Conclusion: In conclusion, the analysis of the routine epidemiological data for 
2021-2024 years in England and Sweden showed that socio-economic 
deprivation is associated with higher prevalence of diabetes type 2 and obesity 
among people aged 16+ in both countries. Increase in a deprivation level has 
linear relationships with the prevalence of obesity and diabetes type 2. 
Additionally, areas with higher deprivation status, prevalence of obesity and 
diabetes type 2 demonstrate lower daily consumption of fruits and vegetables 
compared to areas with good socio-economic conditions. Overall, socio-economic 
deprivation plays a significant role in increasing trends for both obesity and 
diabetes type 2.  
Funding: No funding was provided for this article, and the author has nothing to 
declare.  
Keywords: Diabetes mellitus, Obesity, Deprivation, Healthy Diet, Global Health. 
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Introduction 
Diabetes mellitus is one of the common endocrine diseases 
characterized by metabolic disturbance and 
hyperglycemia. The disease affects almost all age 
groups with the type 2 accounting for most cases (around 
95%). In the past three decades the incidence of diabetes 
has grown dramatically worldwide from 200 million in 
1990 to 830 million in 2022. Diabetes type 2 
demonstrates a stable increasing trend in countries of all 
income levels. Inadequately controlled diabetes with 
persistent hyperglycemia causes chronic inflammation 
and impairments in microcirculatory vascular system which 
in its turn leads to multiple health issues like blindness, 
kidney failure, heart attacks and lower limb amputation.1 
The treatment of diabetes imposes an extensive financial 
burden on health systems, leading to disability and 
premature mortality. In 2021, diabetes and diabetes 
renal complication caused over 2 million deaths, 
additionally, around 11% of cardiovascular deaths were 
caused by persistent hyperglycemia. 1, 2 
 

Formerly, the onset of diabetes type 2 was usually 
detected only in adults. However, the latest observations 
revealed that diabetes type 2 is increasingly frequently 
occurring in children. The same tendency can be observed 
in obesity among children, in 2024, 35 million children 
under the age of 5 were overweight. 1, 3 

 

Regarding obesity, the recent data published by the 
World Health Organization (WHO)  showed that, in 
2022, 2.5 billion adults in the world were overweight and 
890 million of these were living with obesity.4 The 
economic impact of overweight and obesity (OAO) in 
2019, is estimated at 2.19% of global gross domestic 
product (GDP) and is projected to increase if current 
trends continue to 3.29% of GDP globally by 2060.5  

The role of deprivation as one of the most essential 
determinants of obesity and diabetes type 2 cannot be 
overlooked, as it is usually associated with an unhealthy 
diet, social isolation, lower level of education and poor 
access to medical care and treatment. According to 
several research studies, the population living in areas 
with low socio-economic status faces a higher risk of 
developing diabetes and diabetes complications than 
those of higher socioeconomic groups. Low socio-economic 
status is associated with a lack of access to prevention 
and care, poor diet and metabolic control. Marginalized 
groups face structural barriers like poverty, education 
and housing, which pose difficulties in accessing healthy 
food. The differences in socio-economic status led to 
health inequalities between higher and lower income 
population groups. 6,7  
 
The studies from UK, France, Spain, Italy, US and 
Australia demonstrated the similar inferences- deprived 
regions reflected higher incidence and complications of 
diabetes type 2 and obesity. 8 
 
In the UK, there are currently 4,4 million people living 
with Type 2 diabetes, with more than 13.6 million people 
estimated at increased risk of diabetes type 2 and other 
serious health conditions. This number is projected to 
increase to 4,9 million to 2050.9 Health expenditures on 
the treatment of diabetes complications constitute at least 
$10 billion annually on the National Health Service. It 
was estimated that there was a total of 3.6 million people 
aged 16 and over in England with diabetes type 2, in 
2021. The West Midlands region had the highest 
estimated prevalence (8.6%) and the South East region 
the lowest (7.0%). The prevalence of diabetes has 
increased from 6,7% in 2017 to 7,8% in 2025 (Figure1). 
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Figure 1. Line plot for Diabetes: QOF Prevalence (17 + yrs) in England, 2017-24. 

 
The author used data from the fingertips.phe.org.uk 
 
A similar pattern is detected in the percentage of 
overweight and obese adults in England. The number of 

overweight and obese people increased from 61,3% in 
2017 to 64,5% in 2024 (Figure 2). 10 
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Figure 2. Line plot for Prevalence of overweight and obese adults in England, 2017-24.  

 
The author used data from the fingertips.phe.org.uk 
 
The negative increasing trend was also observed in adults having obesity, with the numbers changing from 23,1% in 
2017 to 26,5% in 2024 (Figure 3). 11. 

 
Figure 3. Line plot for Prevalence of obese adults in England, 2017-24.  

 
The author used data from the fingertips.phe.org.uk 
 
Concerning Sweden, about 566,6 thousand of residents 
had diagnosis of diabetes in 2024, the future projection 
is that this number will increase to 663,5 thousand in 
2050. Although Sweden has a lower prevalence of 
diabetes as compared to other European countries, a 
similar increasing trend for the prevalence of diabetes 
can be observed in Sweden: the number of people 

suffering from diabetes has grown from 6,3% in 2017 to 
7,3% in 2024 (Figure 4).12 

 
Sweden is on the top 10 countries in the world with the 
highest diabetes-related health expenditure per 
person.13 
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Figure 4. Change in the percentage of people with diabetes diagnosis from 2017 to 2024 year in Sweden.  

 
The author used data from the Folkhalsomyndigheten. 
 
The existed research on the topic includes the study of 
Grundmann et al, (2014), based on the analysis of a 
large survey conducted in 2006 in Germany at a 
municipal level. The survey sample involved 39908 adults 
aged 20 or older assessed by income, educational level 
and overall socio-economic status. 4700 municipalities 
were assigned to a deprivation quantile. The results of 
the study revealed a positive association of area 
deprivation with diabetes type 2 and obesity. The odds 
ratios for municipalities located in the most deprived 
quantile were significantly increased for T2D (OR 1,35; 
95% CI 1,12–1,64) as well as for obesity (OR 1,14; 95% 
CI 1,02–1,26). These associations were similar for both 
women and men. 8 
 
Another research investigation on the associations of 
Diabetes type 2 and obesity with deprivation in South 
Korea was performed by Choi, et al, (2020). The cohort 
study examined the effect of socioeconomic deprivation 
on the outcomes of diabetes complications in patients with 
diabetes type 2. 7510 patients newly diagnosed with 
diabetes type 2, aged 40 and above were included. 
Study participants were classified according to the 
regional socio-economic deprivation index into five 
deprivation quantiles. The aim of the study was to 
examine inequalities in hospital admissions and mortality 
due to diabetes complications. The results showed that 
participants with higher socio-economic deprivation had 
higher hazard ratios (HR) for hospitalisation and 
mortality for diabetes complications. The percentages of 
participants in the least deprived quantile to the most 
deprived one were 25,4%, 28,8%, 32,4%, 34,6% and 
37,6% for hospitalization due to diabetes complications 
and 1,3%, 2,1%, 2,5%, 2,9%, 3,6% for deaths from 
diabetes complications. Participants with higher socio-
economic deprivation had a higher HR for hospitalization 
and mortality from all-cause and diabetes complications. 
7  
 

Concerning the British regional research, the study of Au-
Yeung et al, (2024) investigated the association of socio-
economic deprivation and ethnicity on the risk of diabetes 
in Birmingham. Data was collected from 108514 
National Service Health Checks conducted in Birmingham 
from 2018 to 2023 years. The number of events 
avoidable and the prevalence odds ratios of 
determinants were estimated. The research finding of the 
statistical analysis revealed that 64% of diabetes and 
44% of pre-diabetes cases could be attributed to socio-
economic deprivation. 6 Additionally, the Swedish 
research on socio-economic inequalities revealed that 
that 17.2% of the diabetes burden in men and 20.1% of 
the burden in women were attributed to lower 
educational levels in Sweden.14  
 
These studies contribute largely to understanding the 
wider determinants of health outcomes and inequalities 
including diabetes. However, the existed research did not 
provide data on the influence of daily vegetable and 
fruit consumption on the prevalence of diabetes type 2 
as well as the data for wider regional levels like counties 
and unitary authorities of England and Sweden.  
 
The aim of this research is to examine the role of socio-
economic deprivation in an increasing trend and 
prevalence of diabetes type 2 and obesity among 
people aged 16+ in England and Sweden based on the 
routine epidemiological data for 2021-2024 years.  
 

Methodology 
This research follows a case study design. Data collection 
was conducted using electronic databases of England 
and Sweden featuring results from National Public Health 
Surveys, local governments and communities’ profiles, 
National Health Service (NHS) and data from local 
general practice registers.  
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For England, secondary routine numerical data collected 
annually and reported in public health profiles was 
analyzed using descriptive statistics and quantitative 
analysis (Table1). The following indicators were chosen 
for the analysis: the Index of Multiple Deprivation Score 
(IMD), (2019/23), Percentage of adults meeting the “5-
a-day” fruit and vegetable consumption 

recommendations, Diabetes: QOF Prevalence (17+Yrs) 
and Obesity prevalence in adults, (using adjusted self-
reported height and weight (18+). All three health 
indicators reflect combined data for 4-year period 
(2021-2024). The data for the deprivation level 
indicator was partly added and renewed in April 2023 
(Table 2). 15,16,17  

 
Table 1. Statistical data for England.  

 Valid number Mean Minimum Maximum Std Deviation 

Obesity prevalence in adults 31 27,45484 15,50000 36,80000 5,96047 

IMD 2019 
 

31 23,62258 8,40000 40,60000 11,51144 

Diabetes QOF Prevalence 
 

31 7,66129 2,70000 10,50000 1,78450 

"5-a-day fruit and vegetables consumption 31 29,77097 19,10000 42,40000 7,03644 

 
Simple random sampling (every other) was used for the 
analysis; the two most deprived and two least deprived 
deciles each including 15-16 counties & unitary 
authorities (UA) of England (based on deprivation deciles 

defined in 2019/23 years) were chosen for the analysis. 
The sampling is based on the availability of data and the 
division of local authorities (Table 4).  

 
Table 2. The definitions and sources of data collection for health indicators in England  

 England  

Health Indicator Definition 25 Data Source 25 

Diabetes: QOF Prevalence 
(17+Yrs) (2021/22/23/24) 17 

Represents the percentage of patients aged 17 
or over with Diabetes mellitus recorded on 
practice disease register.  
 

National Health Service 
(NHS) 
Routine primary care data 
National clinical audit data 

The Index of Multiple Deprivation 
Score (2019/23) 15  

The English Indices of Deprivation use 37 
separate indicators, organised across seven 
distinct domains of deprivation which can be 
combined, using appropriate weights, to 
calculate the Index of Multiple Deprivation 
(IMD) 

Department of Communities 
and Local Government 

Percentage of adults meeting the 
“5-a-day” fruit and vegetable 
consumption recommendations 
(2021/23/24) 16  

The indicator includes the percentage of 
respondents aged 16 and over who reported 
they had eaten 5 or more portions of fruit and 
vegetables on the previous day.  

Local authority estimates 
from Sport England’s Active 
Lives Adult Survey data.  

Obesity prevalence in adults, 
(using adjusted self-reported 
height and weight (18+) 
(2021/22/23/24) 11 

The indicator represents percentages of adults 
aged 18 and over classified as obese (BMI 
greater than or equal to 30kg/m2).  

Local authority estimates 
from Sport England’s Active 
Lives Adult Survey data 
and Health Survey data.  

The author used data from electronic database fingertips.phe.org.uk  
 
The Pearson product-moment correlation 
coefficient (PPMCC) was implemented to examine the 
existence and strength of possible linear relationships 
between deprivation level, daily consumption of 
vegetable and fruit, prevalence and distribution of 
diabetes type 2 and its most common determinant – 
obesity. The positive correlations were established as a 
significant one at the p-value equal or lower than 0,05. 
Additionally, the Fisher’s Z analysis was applied to test 
the significance and strength of relationships between 
two variables for the purpose of triangulation of results.18 

The test of Kolmogorov-Smirnoff was applied to analyze 
normality of data distribution.19 The analysis was 
implemented using STATISTICA 10 software. 
 
Regarding Sweden, a statistical analysis was not 
performed due to lack of randomization possibility and 

sufficient data to perform analysis with the results of high 
validity and reliability. Instead, the comparative analysis 
of values and visual presentation of the retrieved data 
was carried out. The data was retrieved from the national 
electronic database with public health profiles from 
national, regional and municipal levels featuring routine 
secondary data derived from 21 counties of Sweden 
(Table 3). 

 
In addition to this, data analysis from five different 
income quantiles and socio-economic area types were 
presented. The health indicators featuring vegetable and 
fruit consumption, the prevalence of diabetes, overweight 
and obesity were investigated. Also, the economic 
standard indicator was added to compare health 
inequalities in different socio-economic areas and income 
levels. 12, 20, 21,22,23,24 
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Table 3. The definitions and sources of data collection for health indicators in Sweden.  

 Sweden  

Health Indicator Definition  Data Source  

Fruit and vegetable intake by gender, 
region and year (vegetables and root 
vegetables/ fruit and berries at least 2 
times a day (4-year averages) 2021-
2024. Proportion(percent). 26 

The indicators defined the frequency 
of fruit and vegetable consumption by 
the survey respondents. 26  

The report is based on the 
National Public Health Survey 
which represents a sample survey 
among the population aged 16 
and older. The population 
covered was 16 -84 years old. 26 

Diabetes by sex, region and year (4-
year averages). Proportion(percent). 12 

The indicator demonstrates the 
percentage of the survey respondents 
who answered positively to the 
question- “Do you have diabetes? 12 

The data was retrieved from the 
National Public Health Survey. 
The sample survey includes the 
population aged 16-84 years.12   

Economic Standard by gender, region 
and year. 2021-2023. Thousands of 
kronor. 24 
 

Economic Standard is defined as a 
household disposable income, after 
taxes and other expenses have been 
deducted. It is measured in thousands 
of kronor per consumption unit. 24  

National Public Health Survey 
The sample survey includes the 
population aged 16-84 years. 24  

Vegetable and root vegetable intake 
by household income and year among 
adult 16+ population (3-year average 
2021,2022,2024) Proportion (percent) 
(not age-standardized) 22  
 

The indicator reflects the percentage 
of people who consume vegetables 
and root vegetables at least 2 times 
in five different income quantiles. The 
division of quantiles depends on the 
household disposable income per 
consumption unit.  

National Public Health Survey 
The sample survey includes the 
population aged 16-84 years.   

Vegetable and root vegetable intake 
by socioeconomic area type, gender 
and year among adult 16+ population 
(2022,2024) Proportion (percent).23  
 

The indicator defines the percentage 
of people who consume vegetables 
and root vegetables at least 2 times a 
day in five different socio-economic 
area types. 23  

The report is based on data from 
the National Public Health Survey 
among the population aged 16-
84 years. 23 

Overweight and obesity by socio-
economic area type, sex and year. 
2022,2024. Proportion 
(percentage) 21 
 

The indicator represents the 
percentage of overweight and obese 
people aged 16-84 year, based on 
the results of the survey with self-
reported weight and height. 21 

The data was obtained from the 
National Public Health Survey, 
conducted among population 
aged 16-84 years. 21  

Overweight and obesity by BMI, 
disposable income, gender and year 
among adult 16+ population. 
Proportion(percent). 20  

Disposable income refers to the sum of 
all income and transfers (e.g. child 
and housing allowances and 
subsistence allowances), minus final 
tax. It is divided by the consumption 
weight that applies to the household. 
20 

The report is based on the Living 
Conditions Survey conducted 
annually. It is a sample survey 
among the registered population 
aged 16 years and older. 20 

The author used data from electronic database Folkhalsomyndigheten. 
 

Results 
The Kolmogorov-Smirnoff’s test confirmed that data for 
all health indicators included in the statistical analysis 
followed a normal distribution pattern (p > 0,05). With 
regards to England, the Pearson product-moment 

correlation coefficient (PPMCC) analysis based on 31 
cases for 2021-2024 revealed strong statistically 
significant correlations between all four predefined 
variables (Table 4,5).  
 

 
Table 4. Health indicators in the two most deprived deciles of England, 2021-2024.  

Deprivation 
decile 

County & UA Diabetes: QOF 
Prevalence 17+ 
yrs 
2021/22/23/24 
combined data 

Obesity prevalence in 
adults, (using adjusted self-
reported height and weight 
(18+) (2021/22/23/24 
combined data) 

Percentage of adults 
meeting the  
“5-a-day” fruit and 
vegetable Consumption 
recommendations 
(2021/23/24 combined 
data) 

IMD, 
2019/2023 

Most Deprived Birmingham 9.4 29.3 23.3 38.1 

Blackburn with 
Darwen 

    

Salford 7.0 27.6 21.1 34.2 

Knowsley     

Manchester 6.6 23.5 27.6 40.0 
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Deprivation 
decile 

County & UA Diabetes: QOF 
Prevalence 17+ 
yrs 
2021/22/23/24 
combined data 

Obesity prevalence in 
adults, (using adjusted self-
reported height and weight 
(18+) (2021/22/23/24 
combined data) 

Percentage of adults 
meeting the  
“5-a-day” fruit and 
vegetable Consumption 
recommendations 
(2021/23/24 combined 
data) 

IMD, 
2019/2023 

 Nottingham     

 Sandwell 10.5 31.9 21.5 34,9 

 Blackpool     

 Stoke-on-Trent 9.3 34.7 22.2 34.5 

 Liverpool     

 Middlesbrough 8.4 35.3 21.5 40.5 

 Hartlepool     

 Kingston upon 
Hull 

8.4 36.8 23.7 40.6 

 Bradford     

 Oldham 9.5 32.4 24.5 33.2 

 Rochdale     

Second most 
deprived 

Barking and 
Dagenham 

9.9 31.0 19.1 32.8 

 Halton     

 Walsall 10.4 36.2 21.3 31.6 

 Tameside     

 Wolverhampton 9.3 31.1 27.7 32.1 

 Redcar and 
Cleveland 

    

 Barnsley 8.7 34.9 28.1 29.9 

 Doncaster     

 North East 
Lincolnshire 

8.5 31.8 26.8 31.3 

 South Tyneside     

 Sunderland 8.8 32.8 23.2 30,6 

 Bolton     

 Leicester 10.3 26.6 21.5 30.9 

 St.Helens     

 Hackney 6.0 22.9 31.6 32.5 

  
Table 4 demonstrates values for prevalence of obesity, diabetes, fruit and vegetable intake, according to the deprivation 
index of the area in the two most deprived deciles of England, 2021-2024.  
 
Table 5. Health indicators in the two least deprived deciles of England, 2021-2024. 

Deprivation 
decile 

County & UA Diabetes: QOF 
Prevalence 17+ yrs 
2021/22/23/24 
combined data 

Obesity prevalence in 
adults, (using adjusted 
self-reported height 
and weight (18+) 
(2021/22/23/24 
combined data) 

Percentage of adults  
meeting the “5-a-day”  
fruit and vegetable 
consumption 
recommendations 
(2021/23/24 combined 
data) 

IMD, 
2019/2023 

Second 
least 
deprived 

Bromley     

 Leicestershire 7.8 27.3 32.1 12.3 

 Sutton     

 Cambridgeshire 6.4 24.3 34.0 13.9 

 Cheshire East     

 Wiltshire 7.6 27.0 41.4 13.4 

 Harrow     

 Merton 6.8 19.6 35.6 14.6 

 Hampshire     

 Gloucestershire 7.6 24.9 38.7 14.9 
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Deprivation 
decile 

County & UA Diabetes: QOF 
Prevalence 17+ yrs 
2021/22/23/24 
combined data 

Obesity prevalence in 
adults, (using adjusted 
self-reported height 
and weight (18+) 
(2021/22/23/24 
combined data) 

Percentage of adults  
meeting the “5-a-day”  
fruit and vegetable 
consumption 
recommendations 
(2021/23/24 combined 
data) 

IMD, 
2019/2023 

 North Yorkshire 
UA 

    

 City of London 2.7 15.5 32.2 14.7 

 East Riding of 
Yorkshire 

    

 West Sussex 7.8 26.8 35.1 14.4 

 Hertfordshire     

Least 
deprived 

Central 
Bedfordshire 

7.5 29.5 33.4 12.2 

 West Berkshire     

 Surrey 6.2 19.0 35.8 10.1 

 York     

 Oxfordshire 5.6 20.8 38.6 11.7 

 Rutland     

 Bracknell Forest 6.8 30.0 28.3 10.2 

 Wokingham     

 Isles of Scilly 5.1 30.6 41.6 12.0 

 Kingston upon 
Thames 

    

 Windsdor and 
Maidenhead 

6.1 19.3 32.5 8.4 

 Richmond upon 
Thames 

    

 Bath and North 
East Somerset 

5.7 17.9 42.4 11.7 

 South 
Gloucestershire 

    

 Buckinghampshire 6.8 19.8 36.5 10.1 

 
Table 5 provides data for the four health and socio-
economic level indicators in the two least deprived deciles 
of England, 2021-2024.  
 
The results of the statistical analysis showed strong linear 
positive relations between the following health indicators: 

1) Diabetes: QOF Prevalence (17+ yrs) and Obesity 
prevalence in adults, (using adjusted self-reported 
height and weight (18+) (r = 0,7), Fisher’s Z- 0,963 
(Figure 5);  
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Figure 5. Scatterplot for Diabetes: QOF Prevalence (17+ yrs) and Prevalence of Obesity. 

Scatterplot with Histograms of Diabetes QOF Prevalence against Obesity prevalence in adults

Spreadsheet England — 2024 4v*31c

Histogram(1) = 31*2*normal(x; 27,4548; 5,9605)
Histogram(2) = 31*1*normal(x; 7,6613; 1,7845)

Scatterplot = 1,5327+0,2232*x
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 Obesity prevalence in adults:Diabetes QOF Prevalence:   r = 0,7456; p = 0,00000; r2 = 0,5559
 

 
2) Diabetes: QOF prevalence (17+ yrs) and Index of 

Multiple Deprivation score, (2019/23) (r =0,6), p= 
0,0002. Fisher’s Z- 0,729. The results showed high 

statistical significance for both p = 0,0000 and 
0,0002, respectively (Figure 6).  

 
Figure 6. Scatterplot for Diabetes: QOF Prevalence (17+ yrs) and Index of Multiple Deprivation Score. 

Scatterplot with Histograms of IMD 2019 against Diabetes QOF Prevalence

Spreadsheet England — 2024 4v*31c

Histogram(1) = 31*1*normal(x; 7,6613; 1,7845)
Histogram(2) = 31*5*normal(x; 23,6226; 11,5114)

Scatterplot = -7,1575+4,0176*x
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3) Obesity prevalence in adults (using adjusted self-
reported height and weight (18+) and the Index of 
Multiple Deprivation Score (2019/23). The 

correlation revealed is strong, with r = 0,6, Fisher’s 
Z- 0,759. The result showed high statistical 
significance, p=0,0001 (Figure 7).  

 
Figure 7. Scatterplot for Prevalence of Obesity and Index of Multiple Deprivation Score.  

Scatterplot with Histograms of Obesity prevalence in adults against IMD 2019

Spreadsheet England — 2024 4v*31c

Histogram(1) = 31*5*normal(x; 23,6226; 11,5114)
Histogram(2) = 31*2*normal(x; 27,4548; 5,9605)

Scatterplot = 19,6178+0,3318*x
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 IMD 2019:Obesity prevalence in adults:   r = 0,6407; p = 0,0001; r2 = 0,4105  
 
Conversely, the following variables demonstrated statistically significant strong negative correlations: 
 

4) Diabetes: QOF Prevalence (17+ yrs) and 
Percentage of adults meeting the “5-a-day” fruit and 

vegetable consumption recommendations (r = 0,7) 
Fisher’s Z- 0,851, p= 0,0000,2(Figure 8). 

 

Figure 8. Scatterplot for Diabetes: QOF Prevalence (17+ yrs) and Percentage of adults meeting “5-a-day” fruit and 
vegetables consumption recommendations. 

Scatterplot with Histograms of Diabetes QOF Prevalence against "5-a-day fruit and vegetables
consumption

Spreadsheet England — 2024 4v*31c

Histogram(1) = 31*2*normal(x; 29,771; 7,0364)
Histogram(2) = 31*1*normal(x; 7,6613; 1,7845)

Scatterplot = 12,8824-0,1754*x
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5) Obesity prevalence in adults (using adjusted self-
reported height and weight (18+) and Percentage of 
adults meeting the “5-a-day” fruit and vegetable 

consumption recommendations (r = -0,6), Fisher’s Z - 
0,851, p= 0,00010 (Figure 9). 

 
 

Figure 9. Scatterplot for Prevalence of Obesity and Percentage of adults meeting “5-a-day” fruit and vegetables 
consumption recommendations.  

Scatterplot with Histograms of Obesity prevalence in adults against "5-a-day fruit and vegetables
consumption

Spreadsheet England — 2024 4v*31c

Histogram(1) = 31*2*normal(x; 29,771; 7,0364)
Histogram(2) = 31*2*normal(x; 27,4548; 5,9605)

Scatterplot = 43,6599-0,5443*x
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 "5-a-day fruit and vegetables consumption:Obesity prevalence in adults:   r = -0,6426; p = 0,00010; r2 = 0,4129
 

 

6) Index of Multiple Deprivation Score (2019/23) and 
Percentage of adults meeting the “5-a-day” fruit and 

vegetable consumption recommendations (r = -0,8) 
Fisher’s Z- 1,182, p= 0,00000 (Figure 10). 

 

Figure 10. Scatterplot for Index of Multiple Deprivation Score and Percentage of adults meeting “5-a-day” fruit and 
vegetables consumption recommendations.  

Scatterplot with Histograms of IMD 2019 against "5-a-day fruit and vegetables consumption

Spreadsheet England — 2024 4v*31c

Histogram(1) = 31*2*normal(x; 29,771; 7,0364)
Histogram(2) = 31*5*normal(x; 23,6226; 11,5114)

Scatterplot = 63,9624-1,355*x
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Overall, all four predefined health indicators showed 
strong positive and negative interrelations, clearly 
indicating that obesity and diabetes type 2 are more 

prevalent in counties & UA with higher deprivation scores 
and lower daily consumption of fruit and vegetables 
(Table 6). 

 
Table 6. The results of Pearson’s Correlation Analysis for England’s health indicators, 2021-2024 

Variable  Pearson’s R P-value Fisher’s Z 

Diabetes QOF Prevalence / Obesity prevalence in adults 0,746 0,00000 0,963 

Diabetes QOF Prevalence / IMD  0,623 0,0002 0,729 

Obesity prevalence in adults/ IMD 0,641 0,0001 0,759 

Obesity prevalence in adults/ Percentage of adults meeting “5-a-day” fruit 
and vegetable consumption recommendations 

-0,643 0,00010 0,762 

Percentage of adults meeting “5-a-day” fruit and vegetable consumption 
recommendations/ IMD 

-0,828 0,00000 1,182 

Diabetes QOF Prevalence / Percentage of adults meeting “5-a-day” fruit 
and vegetable consumption recommendations 

-0,692 0,00002 0,851 

 
The multiple regression analysis showed similar research 
findings: strong positive relationships were detected 
between health indicators featuring diabetes, obesity 
and deprivation level with the coefficient b* ranging from 
0,623 to 0,746. Strong negative relationships were 
observed between diabetes, obesity, deprivation and 

fruit and vegetable consumption indicators – coefficient 
b* reached -0,830 between daily fruit and vegetable 
consumption indicator and deprivation; -0,690 and -
0,640 between diabetes, obesity and daily fruit and 
vegetable intake indicators (Table 7).  

 
Table 7. Multiple regression results  

Variable b* P-value R 

Diabetes QOF Prevalence / Obesity prevalence in adults 0,746 0,000097 0,745 

Diabetes QOF Prevalence /IMD  0,623 0,000183 0,623 

Obesity prevalence in adults/ IMD 0,641 0,000103 0,641 

Diabetes QOF Prevalence /  
“5-a-day” fruit and vegetable consumption 

-0,690 0,000001 0,691 

“5-a-day” fruit and vegetable consumption/ IMD -0,830 0,000016 0,828 

Obesity prevalence in adults/ “5-a-day” fruit and vegetable consumption -0,640 0,000097 0,643 

 
The unequal distribution of diabetes and obesity, with 
higher prevalence in the most and second most deprived 
deciles of England, is observed in a graphic presentation 

of health indicators. These higher numbers are 
accompanied by a significantly lower daily fruit and 
vegetable intake in deprived deciles.  

 
Figure 11. Distribution of diabetes, obesity, daily fruit and vegetable intake in the two least and most deprived deciles 
of England (mean values), 2021-2024.   
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With regards to Sweden, the comparative analysis of 
data for seven health indicators showed similar results, 
indicating an overall increasing trend, from 2021 to 
2024, in a percentage of overweight, obese adults and 

those having diabetes type 2, with higher numbers 
registered and residing in more deprived socio-economic 
areas and income quantiles. The numbers are increasing 
with the increase in a deprivation level.  

 
Sweden 
Table 8. Diabetes by sex, region and year (4-year averages). Proportion(percent).  

County 2017-2020 2018-2021 2019-2022 2021-2024 

Stockholm 5.4 5.4 5.5 6.1 

Uppsala 5.7 6.6 7.0 7.6 

Södermanland 6.4 6.8 7.5 9.5 

Östergötland 5.5 5.7 6.5 7.9 

Jönköping 5.5 6.4 6.9 7.3 

Kronoberg 6.7 6.2 5.2 4.5 

Kalmar 7.2 7.3 8.5 7.9 

Gotland 7.1   8.2 

Blekinge 7.2 6.8 6.4 6.5 

Skåne  7.2 6.9 6.8 6.8 

Halland 5.4 5.4 4.4 4.9 

Vastra Götaland 5.8 5.9 6.0 6.7 

Varmland 7.4 7.1 7.2 8.9 

Örebro  7.0 6.9 7.5 7.5 

Vastmanland 8.5 8.2 8.1 7.7 

Dalarna 7.5 7.7 7.9 7.9 

Gavleborg 7.8 8.6 8.7 6.5 

Vasternorrland 7.3 7.6 7.5 6.9 

Jamtland 6.7 6.8 7.3 11.2 

Vasterbotten 5.7 5.4 5.3 6.2 

Norrbotten 6.6 6.8 6.9 6.8 

 
The table 8 displays the increase in the percentage of people having diagnosis of diabetes from 2017 to 2024 in 14 
counties of Sweden.  
 
Table 9. Economic Standard by gender, region and year. 2021-2023. Thousands of kronor.  

County 2021 2022 2023 

Stockholm 382.5 370.3 366.1 

Uppsala 342.7 331.0 326.0 

Södermanland 319.1 308.6 303.7 

Östergötland 326.9 315.9 311.3 

Jönköping 327.5 315.9 310.6 

Kronoberg 322.8 311.3 307.8 

Kalmar 314.2 303.8 298.9 

Gotland 313.1 303.8 297.9 

Blekinge 316.1 306.1 304.9 

Skåne  330.2 319.9 315.5 

Halland 348.3 337.4 333.8 

Vastra Götaland 340.5 330.1 325.5 

Varmland 317.5 308.7 304.8 

Örebro  317.7 307.0 302.3 

Vastmanland 326.9 315.7 310.1 

Dalarna 315.5 305.0 301.8 

Gavleborg 313.6 302.4 295.5 

Vasternorrland 319.5 308.2 301.2 

Jamtland 315.0 304.9 298.1 

Vasterbotten 324.4 314.4 309.4 

Norrbotten 330.4 312.3 314.9 

 
The table 9 shows the economic standard of 21 different counties of Sweden; the decrease in the level of disposable 
income can be observed across all counties including higher and lower income areas from 2021 to 2023.  
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Figure 12. Change in the percentage of obesity by BMI, disposable income, gender and year among adult 16+ 
population. Proportion(percent) from 2021 to 2024 in Sweden. 

 
 
The diagram demonstrates that the number of obese 
people considerably increased in the lower income 
quantile 3, from 15,3% in 2021 to 18,7% in 2024. At 
the same time, the percentage of obese adults remains 

relatively stable in the higher income quantiles– numbers 
changed by 0,1% in the highest income quantile 5, and 
by 0,8% in the second least deprived quantile 4, from 
2021 to 2024.  

 
Table 10. Overweight and obesity by socio-economic area type, sex and year. 2022,2024. Proportion (percentage) 

 Major Socio-
economic 
challenges 

Socio-
economic 
challenges, 

Socio-
economically 
mixed areas 

Good socio-
economic 
conditions. 

Very good socio-
economic 
conditions. 

 2022 2024 2022 2024 2022 2024 2022 2024 2022 2024 

Overweight and 
obesity (BMI 25.0 
or higher) 

62.5 61.9 55.7 59.3 56.3 57.7 49.2 51.7 42.6 45.0 

Obesity (BMI 30.0 
or higher) 

25.2 25.3 20.8 21.6 19.6 21.0 14.8 16.8 10.1 12.9 

 

Table 10 presents the values for prevalence of 
overweight and obesity, according to the type of socio-
economic area. The number of overweight and obese 
people are considerably higher, almost twice for obesity 

BMI 30.0 or higher and 1,4 times for overweight and 
obesity in areas with socio-economic challenges as 
compared to areas with good socio-economic conditions.   

 

Table 11. Obesity by BMI, disposable income, gender and year among adult 16+ population.  Average proportion 
(percent) 2021-2024 

 Income quantile 1 Income quantile 2 Income quantile 3 Income quantile 4 Income quantile 5 

Obesity (BMI 30.0  
or higher) 

17.4 18.3 17.0 15.1 12.9 

 
Table 11 demonstrates that obesity is more prevalent in 
the first and second most deprived quantiles in a 4-year 

combined period. The values degrade gradually from 
quantile 1(17,4%) to quantile 5(12,9%).  

 

Table 12. Obesity by BMI, disposable income, gender and year among adult 16+ population. Proportion(percent), 
2021-2024.  

 Income quantile 1 Income quantile 2 Income quantile 3 

 2021 2022 2023 2024 2021 2022 2023 2024 2021 2022 2023 2024 

Obesity (BMI 30.0 or 
higher) 

16.9 16.7 17.8 18.3 18.3 19.0 18.4 17.4 15.3 17.4 16.7 18.7 

 Income quantile 4 Income quantile 5 

 2021 2022 2023 2024 2021 2022 2023 2024 

Obesity (BMI 30.0  
or higher) 

14.2 14.6 16.7 15.0 12.4 13.4 13.3 12.5 
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Table 12 shows a steady increase in prevalence of 
obesity in the most deprived quantile 1 – from 16,9% in 
2021 to 18,3% in 2024; the highest increase is observed 

in quantile 3 – from 15,3% to 18,7%. The least deprived 
quantiles have the lowest prevalence of diabetes across 
2021-2024 years.  

 
Figure 13. Obesity by BMI, disposable income, gender and year among adult 16+ population.  Average proportion 
(percent) 2021-2024.  

 
The linear diagram shows that in lower income quantiles 1 and 2, the prevalence of obesity is the highest – quantile 1- 
17,5%, quantile 2- 18,3%; in contrast, the least deprived quantile shows the lowest prevalence of obesity- 12,9%.  
 
Table 13. Fruit and vegetable intake by region and year among adult 16+ population. (4-year averages) 2021-2024. 
Proportion(percent). 

County Vegetables and root vegetables, at 
least 2 times/day 

Fruit and berries at least 2 times 
/day 

Stockholm 37.7 23,2 

Uppsala 38.8 23,8 

Södermanland 29.6 21,8 

Östergötland 31.8 24,1 

Jönköping 25.8 25,2 

Kronoberg 33.9 24,6 

Kalmar 28.7 21,5 

Gotland 31.1 23,7 

Blekinge 32.1 29,1 

Skåne  33.2 23,8 

Halland 32.0 23,8 

Vastra Götaland 31.7 25 

Varmland 25.5 20.3 

Örebro  25.7 19.6 

Vastmanland 29.6 20.9 

Dalarna 32.5 23.2 

Gavleborg 28.9 23.7 

Vasternorrland 24.0 20.2 

Jamtland 25.3 20.6 

Vasterbotten 29.9 21.6  

Norrbotten 
 

23.9 19.0 

 
Table 13 demonstrates inequality in a daily consumption of fruits, berries and vegetables across 21 counties of Sweden.  
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Figure 14. The diagram for indicators of diabetes prevalence, daily vegetable, fruit and berries intake in Sweden, 2021-
2024.  

 
The diagram comparing indicators for diabetes, fruit and vegetable intake shows that counties with the lowest consumption 
have the highest prevalence of diabetes.  
 
Table 14. Vegetable and root vegetable intake by household income and year among adult 16+ population (3-year 
average 2021,2022,2024) Proportion (percent).  

 Income quantile 1 Income quantile 2 Income quantile 3 

 2021 2022 2024 2021 2022 2024 2021 2022 2024 

Vegetables and root vegetables at least 2 
times/day 

32.1 31.3 30.1 30.4 29.3 27.8 33.0 32.4 28.5 

 

 Income quantile 4 Income quantile 5 

 2021 2022 2024 2021 2022 2024 

Vegetables and root vegetables at least 2 
times/day 

34.8 34.3 31.7 37.4 38.6 34.9 

 
Table 14 indicates a negative trend in daily vegetable consumption across all income quantiles over a 3-year period. 
 
Table 15. Vegetable and root vegetable intake by household income and year among adult 16+ population (3-year 
average 2021,2022,2024) Proportion (percent).  

 Income 
quantile 1 

Income 
quantile 2 

Income 
quantile 3 

Income 
quantile 4 

Income 
quantile 5 

Vegetable and root intake at least 
2 times/day 

31.1 29.1 31.3 33.6 37 

 
Table 15 shows the inequal distribution of daily vegetable consumption across five income quantiles.  
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Figure 15. Line graph for the indicators of daily vegetable intake, percentage of overweight and obesity in Sweden, 
2024.  

 
 
The line graph showing the distribution of overweight, 
obesity, fruit and vegetable intake in five different 
income quantiles demonstrates that the prevalence of 

overweight and obesity gradually increases, and, in 
contrast, a daily fruit and vegetables intake decreases 
from quantile 5 to quantile 1. 

 
Table 16. Vegetable and root vegetable intake by socioeconomic area type and year among adult 16+ population 
(2022,2024) Proportion (percent). 

 Major Socio-
economic 
challenges 

Socio-economic 
challenges, 

Socio-
economically 
mixed areas 

Good socio-
economic 
conditions. 

Very good socio-
economic 
conditions. 

 2022 2024 2022 2024 2022 2024 2022 2024 2022 2024 

Vegetable and 
root intake at least 
2 times/day 

29.4 22.4 31.1 26.1 28.4 28.6 34.7 31.6 41.2 37.5 

 
Table 15 demonstrates that vegetable consumption decreased from 2022 to 2024 in all income quantiles. 
 

Discussion 
This study evaluated the effects of socio-economic 
deprivation on the prevalence and distribution of 
diabetes type 2 and obesity among population aged 16 
and over in England and Sweden. The results of the 
Pearsons’ correlation coefficient and multiple regression 
analyses showed that both the prevalence of diabetes 
type 2 and obesity increase with the increasing area 
deprivation at the county and unitary authorities’ level. 
The strong positive correlations (r> 0,6) were identified 
between the indictors of diabetes, obesity prevalence 
and area deprivation score (Figure 5-7, Table 6,7).  
 
Conversely, strong negative correlations (r from -0,6 to -
0,8) were revealed between the indicator of daily fruit 
and vegetable intake, prevalence of obesity, diabetes 
and area deprivation (Figure 8-10). The strength of 
linear relationships revealed is high across all variables. 
The results of the Pearsons’ correlation coefficient and 
multiple regression analyses reached high statistical 
significance, with p-values considerably lower than a 
minimum of 0,05. For multiple regression analysis, the R 
squared of all examined variables indicated that the 
model well explains the variability (Table 7).  

The results of multiple regression analysis showed a 
strong positive correlation between the diabetes and 
obesity prevalence with b* = 0,7 and p= 0,000; the 
diabetes prevalence and Index of multiple deprivation 
score – b* = 0,6 and p =0,000. The most pronounced 
negative relationship was identified between “5-a-day” 
fruit and vegetable consumption and deprivation level – 
b*= -0,8 (p=0,000). This result revealed that daily fruit 
and vegetable intake significantly decreases with the 
increase in deprivation level (Table 7). 
 
Drawing on the results of Pearson’s correlation and 
multiple regression analyses, the following inferences can 
be made - more deprived counties of England 
demonstrate lack of affordability and access to healthy 
food like fruit and vegetables for people residing in 
these areas. In addition to this, strong negative 
correlations were detected between the prevalence of 
diabetes, obesity and “5-a-day” fruit and vegetable 
consumption with b*= -0,7 and b*= -0,6, respectively. P 
value for both reached high statistical significance p= 
0,000. The results of the study clearly indicate that areas 
with higher fruit and vegetables intake have lower 
prevalence of obesity and diabetes (Table 6, 7).   
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Overall, considering the results of this study, it is obvious 
that socio-economic deprivation imposes a significant 
negative impact on health; living in the deprived areas is 
associated with a higher risk of developing diabetes and 
its main prerequisite obesity. In addition to this, 
deprivation areas consume less vegetables and fruits 
(Figure 11). The analysis of Pearson’s correlation 
coefficient also revealed that the prevalence of diabetes 
and obesity decreased with the increasing consumption 
of fruit and vegetables. The mean value for daily fruit 
and vegetables consumption indicator in the two second 
most deprived areas of England is 24,5% meaning that 
only ¼ of the population can afford fruits and 
vegetables daily (Table 4). 
 
The similar inferences can be made drawing on the results 
for Sweden. In general, diabetes type 2 in Sweden is 
distributed unequally, with the higher values registered in 
lower income counties (Figure 14). Also, the increase in 
prevalence of diabetes in counties with higher economic 
standards is relatively small compared to more deprived 
ones. For instance, the percentage of people with 
diabetes raised from 6,6 to 6,8 % in Norbotten, 5,4 to 
6,1% in Stockholm, 5,7 to 6,2% in Vasterbotten, within 
the period from 2017 to 2024 year; in Halland, the 
prevalence of diabetes even dropped from 5,4 to 4,9%. 
All above mentioned counties relate to higher income 
quantiles and the overall increase in the prevalence of 
diabetes type 2 did not exceed 1% (Table 8,9).  
 
Conversely, the counties located in lower income areas 
demonstrate a stable increase in the prevalence of 
diabetes type 2. The most pronounced values describing 
the changes in percentage of people with the diagnosis 
of diabetes from 2017/2020 to 2021/2024 period can 
be observed in counties with lower economic standard 
and related to more deprived quantiles like Jamtland -
from 6,7 to 11,2 (increased by 4,5%); Varmland- from 
7,4 to 8,9; Södermanland – from 6,4 to 9,5% (increased 
by 3,1%); Jönköping – from 5,5 to 7,3% (Table 8,9).  
 
In Sweden, the following five area types are used to 
determine and divide area type according to its 
deprivation status - Area type 1 - represents area with 
major socio-economic challenges, Area type 2– area with 
socio-economic challenges, Area type 3- socio-
economically mixed areas, Area type 4- areas with good 
socio-economic conditions, Area type 5- areas with very 
good socio-economic conditions. 20 Additionally, the five 
different income quantiles are used, divided depending 
on the total disposable income per household minus taxes. 
Disposable income per consumption is divided into 
quantiles, where quantile 1 refers to the fifth of the 
population with the lowest income and quantile 5 the fifth 
population with the highest income.21  
 
Based on these area divisions, it can be observed that the 
prevalence of obesity and diabetes increase gradually 
from the least deprived quantiles and socio-economic 
area type to the most deprived areas with major socio-
economic challenges (Table 8, 10-12). The results for the 
prevalence of overweight and obesity replicate the 
research findings for England with the highest percentage 
of obese and overweight populations residing in the 

lower income quantiles 1 and 2 and areas with major 
socio-economic issues (Table 10-12, Figure 12,13).  
 
For instance, values steadily decrease from 25,3% for 
obesity and 61,9% for overweight and obesity to 12,9% 
in quantile 4 and 45% in quantile 5, respectively (Figure 
15). The proportion of overweight and obese population 
increased across all five area types; however, the highest 
numbers relate to areas marked as having major socio-
economic challenges (61,9%), socio-economic challenges 
(55,7%) and socio-economically mixed types (57,7%), in 
2024. The lowest percentage of overweight and obese 
population reside in the area type with a very good 
socio-economic condition (45% in 2024) (Table 10).  
 
Regarding the obesity with BMI 30.0 or higher, the 
negative increasing trend can also be observed in all 
socio-economic area types and income quantiles, but the 
numbers differ significantly depending on the area type. 
For example, in 2024, the prevalence of obesity was 
25,2% in the area type marked as having major socio-
economic challenges, whereas only 12,9% of those were 
identified in the area type with very good socio-economic 
conditions, meaning that more deprived area types 
demonstrate almost twofold higher prevalence of obesity 
(Table 10). Similar results can be seen in obesity, 
measured according to the disposable income division; 
lower income quantiles 1-3 reflect a higher proportion of 
the obese population: income quantile 1- 18,3%, income 
quantile 2- 17,4%, income quantile 3- 18,7%, in 2024. 
What’s more, the higher income quantiles showed a 
minimal growth in the prevalence of obesity over a 4-
year period (2021-2024); income quantile 4- from 
14,2% to 15,0% and income quantile 5 -from 12,4% to 
12,5% (Table 12).  
 
Concerning the associations between diabetes, obesity, 
fruit and vegetables intake, areas with socio-economic 
challenges and low economic standards are associated 
with lower fruit and vegetables intake and higher 
prevalence of diabetes and obesity (Figure 14,15, Table 
9,13). For example, the elevated level of 11,2 % of 
patients with diabetes is registered in Jamtland county, 
whereas the fruit and vegetables consumption remain low 
– 20,6% for fruit and berries, and 25,3% for vegetables. 
A similar pattern can be seen in Dalarna county with 7,9 
% for diabetes, 23,2% for fruit and berries and 24% for 
vegetables. The opposite results can be observed in 
counties with higher levels of fruit and vegetable 
consumption like Stockholm, Kronoberg, Blekinge, Skane, 
Halland. The counties with the lowest prevalence of 
diabetes like Halland (4,9%) and Kronoberg (4,5%) 
demonstrate a high daily intake of fruit and vegetables 
- 33,9% and 32%, respectively (Figure 14, Table 8,13). 
 
The consumption of vegetables and fruits is the lowest in 
the two most deprived income quantiles 1 – 22,4% and 
quantile 2 – 26,1%, and the highest in the two least 
deprived ones- quantile 4 -31,6% and quantile 5 -
37,5%. There are few exceptions like Gavleborg, 
Uppsala and Norbotten, but, in general, the prevalence 
of diabetes is increasing in counties with decreased levels 
of fruit and vegetable consumption (Figure 12, Table 13-
16).  
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The vegetable and root vegetable consumption also 
decreased in all socio-economic and income area types. 
Areas marked as having socio-economic challenges 
demonstrate the lowest intake with a negative tendency 
- 29,4% in 2021 and 22,4%, in 2024, in the area with 
major challenges, 31,1% in 2021 and 26,1%, in 2024, 
in the area with socio-economic challenges. Although a 
total daily intake of vegetables decreased in all area 
types, the overall decline is considerably higher in the 
area types having socio-economic challenges – numbers 
decreased by 7% and 5%, from 2021 to 2024, 
respectively (Table 16).  
 
Concerning measurements in the income quantiles, in 
general, the analysis revealed a negative trend in 
vegetable consumption across all income quantiles; even 
in the least deprived quantile 5, the numbers dropped 
from 37,4% in 2021 to 34,9% in 2024 (Table 14,15). 
This tendency coincides with a decline in the population’s 
income expressed in the Economic standard indicator. The 
total populations’ income decreased in all 21 counties of 
Sweden from 2021 to 2023 (Table 9). The additional 
support to these findings can be obtained from the study 
of Ball et al, (2015) which found evidence of an 
association between fruit and vegetable intake and 
neighbourhood-level socio-economic status in Canada, 
New Zealand, Scotland and Portugal, with increased 
odds of greater fruit and vegetable consumption in 
neighbourhoods with higher socio-economic status.27  
 
Similar inferences were made from the cross-sectional 
survey of Southwest China: the urban areas with higher 
income and socio-economic status consume more fruit and 
vegetables and generally are more likely to practice 
healthy eating habits than those residing in rural areas 
with socio-economic challenges.28  
 
Fruit and vegetables are known to reduce hunger and 
promote satiety with the lower calories and energy 
intake; a regular intake of fruit and vegetables prevents 
excessive weight gain and leads to decrease in body 
weight over time among overweight and obese people. 
Bioactive elements, vitamins and phytonutrients contained 
in fruit and vegetables reduce blood lipids, lipogenesis 
and oxidative damage to cells; increase lipolysis, insulin 
sensitivity and improve microbiomes for better health. 
29,30 According to several research studies, among other 
benefits, higher intake of fruit and vegetables is 
associated with a decreased risk of developing 
cardiovascular disorders and lower mortality rates.31 
WHO suggests daily intake of more than 400 grams of 
fruits and vegetables aids in improving overall health 
and reducing the risk of certain non-communicable 
diseases including diabetes type 2.32  
 
The findings of this research on interrelations of diabetes 
type 2, obesity, deprivation, fruit and vegetable 
consumption correlate with the results of other studies, 
investigating the associations of deprivation, low 
consumption of fruit and vegetables and their role in 
developing obesity and diabetes type 2. A meta-
analysis of Li et al, (2014) found that higher consumption 
of fruit or green leafy vegetables is associated with a 
significantly reduced risk of type 2 diabetes. The results 

were based on the pooled analysis of prospective cohort 
studies including 24 013 cases of type 2 diabetes and 
434 342 participants. 33  
 
Concerning deprivation, the European Central Bank 
reported in its overview that euro area budgets are 
facing challenges due to uncertain and vulnerable 
geopolitical uncertainties and global conflicts. Many 
euro- area countries, including large economies, are 
expected to have budget deficits in 2025 year. Such an 
environment poses downside risks to an overall economic 
growth, increase in inflation and decline in Global 
Domestic Product which has been already observed in 
European area from 2020 to 2024 years. 34  
 
Regarding Sweden, the Table 9 shows that from 2021 to 
2023 the Economic standard indicators in all 21 counties 
follows a negative trend; the total household income is 
declining across all income quantiles. This negative 
tendency coincides with a steady decline in overall daily 
fruit and vegetable consumption and increase in the 
prevalence of obesity and diabetes type 2 particularly 
in lower income quantiles and areas with socio-economic 
challenges (Table 8,10,13,14,16). In addition to this, the 
World Bank presented the results of Food Insecurity 
Experience Scale surveys, which revealed that the 
percentage of people who cannot afford healthy food 
increased from 2022 to 2023. For instance, in 2022, 
4,9% of participants responded positively to the question 
“Unable to eat healthy and nutritious food because of a 
lack of money or other resources”, 5,6 % to the question 
“Worried you would not have enough food to eat 
because of a lack of money or other resources” and 7,7 
% to “Ate only a few kinds of foods because of a lack of 
money or other resources”. 35 The same survey for 2023 
year showed that these numbers increased by 0,8%, 
0,7% and 1,2%, respectively.36  
 
The data for the United Kingdom demonstrates a similar 
worsening trend from 2022 to 2023: the percentage of 
people unable to eat healthy food changed from 7,5% 
to 10,4%; ate few foods due to lack of resources- from 
7% to 8,1%, worried about not having enough food due 
to lack of resources – from 9,1% to 10,4%.  In general, 
the United Kingdom has a higher overall number of 
people who experienced food insecurity. 37,38  
 
STRENGTHS  
This study adds valuable knowledge to research on 
associations of area deprivation and health. The analyses 
are based on large nationwide datasets including 
register-based routine data sources as well as national 
health surveys. Health surveys provide additional and 
relatively accurate data on the prevalence of diabetes 
adjusted by age, sex, ethnic group and deprivation.19,39 

This is the first study to examine interrelations between 
health indicators representing diabetes, obesity, 
deprivation, income level, fruit and vegetables intake in 
Sweden on a county level. The analysis of data for 
England has a high statistical power since a large sample 
size was selected for this study. Also, the data was 
collected independently of the study, and this reduces 
various types of biases.40 ,41  Randomization used for the 
data in the statistical analysis for England reduces a 
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selection bias and enhances a quality of evidence-based 
research increasing generalizability and validity of the 
results. 42 
 
LIMITATIONS 
This study has some limitations, first, the true prevalence 
of diabetes can be higher in both countries because the 
data was retrieved from self-reported national surveys 
and some respondents may be unaware of their diabetes 
status (undiagnosed diabetes, prediabetes). Also, 
secondary routine epidemiological data has lower 
quality –only those who are registered in health services 
and approach them are recorded, this means that a large 
proportion of the population might be underreported or 
undetected in the disease. 43 ,44 Secondly, one of the 
common drawbacks of the surveys is response bias and 
social desirability bias, especially this is a frequent issue 
of self-reported surveys, where people can provide 
inaccurate data to look more socially acceptable. In 
nationwide surveys this bias is extremely hard to 
control.18,43 Another limitation is that, for England, the 
prevalence of diabetes indicator includes all types of 
diabetes, however, most cases (95%) constitute diabetes 
type 2. Additionally, no separate data on all four health 
indicators was available and only combined 4-year 
average values were presented. 2,17 Regarding Sweden, 
the data for Gotland County was not provided within the 
period of 2022-2023. The Economic Standard indicator 
did not contain data for 2024 year. Lastly, results are 
based on cross-sectional data which limits their 
interpretation in a causal way. 44  
 
This analysis along with other existed research on topic 
shows that unhealthy diet and low consumption of fruit 
and vegetables are not only driven by personal ill choice 
and hazard behaviours, but also by a lack of financial 
resources and access to healthier food, precisely, 
consumption of fruit and vegetables daily. Therefore, it is 
recommended to prioritize the implementation of 
intervention measures and policies to promote access to 

healthy food ingredients in areas with lower socio-
economic status and higher deprivation level, as well as 
provide opportunities for residents of deprived areas to 
engage in healthy dietary behaviours through education 
and governmental support. 6, 45 
 

Conclusion 
In conclusion, this research study shows that diabetes type 
2 and obesity are unequally distributed in England and 
Sweden with the higher prevalence of both diseases in 
areas with lower socio-economic status and a higher level 
of deprivation. The results should be interpreted with 
precautions due to the limitations of the study. Strong 
positive linear relationships between diabetes type 2, 
obesity and deprivation were identified in England 
through the statistical analysis of routine epidemiological 
data. A comparative analysis of data for Sweden 
demonstrated similar trends with the increase in 
prevalence of obesity and diabetes type 2 in more 
deprived counties. The highest numbers are reported in 
area types with major socio-economic challenges 
(quantile 1 and 2) in Sweden and the most and second 
most deprived deciles in England. Conversely, the highest 
daily fruit and vegetables consumption was observed in 
the least deprived 4th and 5th quantiles in Sweden and 
the least and second least deciles in England. Strong 
negative associations were detected between fruit and 
vegetables daily intake and socio-economic deprivation 
in England. The data for Sweden reflects a similar 
tendency, consumption of fruit and vegetables is 
decreasing with the increase in a deprivation level. Lower 
daily intake of fruit and vegetables registered in areas 
with socio-economic challenges can also be considered as 
one of the contributing factors to obesity through an 
unhealthy diet. Scarcity of resources may prevent people 
from eating healthier food. 6, 45 Overall, socio-economic 
deprivation can be considered as one of the main 
contributing factors to increasing trends for obesity and 
diabetes type 2 in England and Sweden.  
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