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■ Abstract 
BACKGROUND: Socioeconomic deprivation, obesity, and 
emotional discomfort are important determinants of health 
inequalities and poor glycemic control in children and young 
people with type 1 diabetes mellitus (T1D). OBJECTIVES: 
The aims of this study were to evaluate the incidence of 
hospital admissions of T1D children in relation to socioeco-
nomic deprivation, and to determine the effects of social 
deprivation, body mass index (BMI), and patient-reported 
emotional well-being on glycemic control. METHODS: All 
hospital admissions of T1D patients aged 1-18 years were 
identified during 2007 and 2012. Admission cause and gly-
cemic control were related to social deprivation, BMI, and 
psychological, emotional well-being. Indices of Multi-
ple Deprivation (IMD) 2010 were applied to the United 
Kingdom data. The associations were calculated using the 
Spearman’s rank correlation coefficient. RESULTS: A sig-

nificant correlation was found between hospital admission 
rates and overall deprivation scores (r = -0.18, p = 0.04). Pa-
tients living in deprived areas were more likely to self-
present to the accident and emergency department (r = -
0.24, p = 0.02). Poor glycemic control (n = 124) was signifi-
cantly associated with lower levels of education (r = -0.22, p = 
0.02) and unemployment (r = -0.19, p = 0.04). Significance 
was not reached for level of income (r = -0.16, p = 0.07) and 
overall deprivation (r = -0.17, p = 0.06). Glycemic control was 
not found to be associated with BMI, standard deviation 
scores (SDS), or emotional well-being. CONCLUSION: 
Early intervention and education from primary care and spe-
cialist diabetes teams within the community in deprived ar-
eas may be effective in reducing hospital admissions for dia-
betes-related problems and improving glycemic control. 
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1. Introduction 
 

 ype 1 diabetes mellitus (T1D) is a chronic, 
 autoimmune, endocrine condition which re- 
 sults in too little or no insulin being pro-

duced by the pancreatic beta-cells. With poor gly-
cemic control, chronic hyperglycemia may occur, 
and long-standing deranged glycemia leads to vas-
cular complications [1, 2]. 

The United Kingdom (UK) has the fifth largest 
population of children and young people (CYP) 

with T1D. However, despite a wide range of na-
tional initiatives and guidelines aimed at improv-
ing diabetes services and outcomes, management 
and control of T1D in CYP remains amongst the 
poorest in Europe [3]. The recent National Paedi-
atrics Diabetes Audit (NPDA) 2014-15 showed that 
the majority of CYP in the UK continue to have 
poor glycemic control, and the incidence of hospital 
admissions for diabetic ketoacidosis (DKA) has in-
creased. The findings of the UK national pediatric 
diabetes audit highlighted significant variations in 
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health outcomes geographically within the UK, de-
spite the introduction of best practice tariff for pe-
diatric diabetes along with the National Paediatric 
Diabetes Service Improvement Delivery Plan [4]. 
It has been shown that within the UK, the preva-
lence of T1D is increasing during childhood at a 
rate of 3-4% per year [1, 5, 6]. In 2014, diabetes 
cost the National Health Service (NHS) nearly £10 
billion, which equate to £1 million every hour. At 
that time, this amount was almost 10% of the an-
nual NHS budget [7]. An HbA1c value of less than 
6.5% or less than 48 mmol/mol has been recom-
mended by National Institute for Health and Care 
Excellence (NICE) guidance NG18 for good control 
and to reduce the risk of morbidity and mortality 
in T1D patients [6, 8]. 

The association between social deprivation and 
general health has been described previously in 
the adult population; however, this has mainly 
concerned type 2 diabetes [9]. It has also been not-
ed that an “inverse care law” [9] does exist for pa-
tients with diabetes. It highlights that patients 
who require the most care and support for their 
condition, i.e. those living in more deprived areas, 
are less likely to receive it [9]. Therefore, it is im-
portant for us to look into why this association be-
tween poor diabetes outcomes and deprivation is 
present, and how we can improve this social gradi-
ent [9]. 

The aim of this study was to examine the rela-
tionship between the incidence of hospital admis-
sions for children with T1D and their socioeco-
nomic deprivation. It compares diabetes-related 
admissions with non-diabetes related admissions 
and the trend of HbA1c prior to hospitalization. 
The study also aims to evaluate the effect of social 
deprivation, body mass index (BMI), and patient-
reported emotional well-being on glycemic control 
in children and young people with T1D. 

2. Methods 

2.1 Hospital admissions 

All hospital admissions of patients with T1D 
aged 0-18 years (n = 135) within a large-district 
general hospital were identified during a five-year 
period between 2007 and 2012 using the hospital 
episodes statistics (HES) database. The hospital is 
the principal healthcare provider to 300,000 people 
across Southport, Formby, and West Lancashire 
which have a diverse population. Each hospital 
admission was classified as either an accident and 
emergency (AE) admission or inpatient ward ad- 

 
mission. Causes of admissions were evaluated 
from individual hospital medical records. 

2.2 Glycemic control 

During data collection, 124 patients with T1D 
aged 1-18 years were recorded. The mean BMI 
standard deviation scores (SDS) were determined 
and adjusted for age and sex. The psychological 
emotional well-being of each patient was measured 
by using the World Health Organization 5 Well-
Being Index (WHO-5) [10]. For all admissions, the 
average HbA1c during the six months prior to the 
patients’ admissions was obtained. 

2.3 Socioeconomic status 

The socioeconomic status of the individual pa-
tients with T1D was measured using the depriva-
tion data obtained by cross-referencing postcodes 
with indices of multiple deprivation (IMD) 2010 for 
overall deprivation scores. The IMD, collected from 
the Office for National Statistics, calculates area-
specific deprivation scores by focusing on seven 
separate domains [11]: 

 
1. Income deprivation 
2. Employment deprivation 
3. Health deprivation and disability 
4. Education, skills, and training deprivation 
5. Barriers to housing and services 
6. Crime 
7. Living environment deprivation 
 
Each of the 32,482 small geographic areas 

(Lower Super Output Areas) in England were 
ranked from 1 (most deprived) to 32,482 (least de-
prived). 

Abbreviations: 
 

AE accident and emergency 
BMI body mass index 
CYP children and young people 
DKA diabetic ketoacidosis 
HbA1c glycosylated hemoglobin 
HES hospital episodes statistics 
IMD indices of multiple deprivation 
NHS  National Health Service 
NICE National Institute for Health and Care Excel-

lence 
NPDA National Paediatrics Diabetes Audit 
SDS standard deviation score 
SPSS Statistical Package for the Social Sciences 
T1D type 1 diabetes mellitus 
UK United Kingdom 
WHO-5 World Health Organization 5 Well-Being Index 
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2.4 Data analysis 

The data were analyzed using statistical soft-
ware, namely the Statistical Package for the Social 
Sciences (SPSS 20.0, Chicago). Associations be-
tween HbA1c (mmol/mol), IMD indices, BMI SDS, 
WHO-5 well-being index scores, and admissions 
rates were then determined by the Spearman’s 
rank correlation coefficient. 

3. Results 

3.1 Hospital admissions 

In total, 135 patients were admitted to Orm-
skirk Hospital between 2007 and 2012. Of these, 
66 were female and 69 were male. Table 1 shows 
the total number of admissions and the reasons 
why patients attended hospital, including diabetic-
related and non-diabetic-related cases. 

We found a significant correlation between hos-
pital admission rates and overall deprivation score 
(Figure 1). We also found that patients living in 
deprived areas were more likely to self-present to 
AE (r = -0.24, p = 0.02). No significant associations 
were shown between inpatient ward admissions 
and overall deprivation scores (r = -0.14, p = 0.17). 

The individual medical records were analyzed, 
and showed that patients with T1D living in de-
prived areas were more likely to have a hospital 
admission for diabetes-related problems (r = -0.50, 
p = 0.003) (Figure 2). No association was observed 
between non-diabetes-related hospital admissions 
with overall deprivation scores (r = -0.1, p = 0.27). 

We also looked at the average HbA1c six 
months prior to each admission (Figure 3). It 
showed that patients admitted between one to five 
times during the years 2007-2012 had an average 
HbA1c of 8.5-9.7% (69-83 mmol/mol). Patients with 

frequent admissions above five had very poor gly-
cemic control, with average HbA1c >14 % (>119 
mmol/mol) during the five-year period. 

3.2 Glycemic control 

At the time of data collection, there were 124 
patients with T1D at our trust. Mean age of diag-
nosis was 8.2 ± 4.1 years of age (range from 1 to 16 
years). The average HbA1c was found to be 68.1 
mmol/mol (8.4%), which was higher than the rec-
ommended value from the NICE guidance. 

Insulin therapy was variable depending on the 
individual. The number of patients using an insu-
lin pump was increasing all the time. The percent-
age of patients on an insulin pump was 7% in 
2011, 16% in 2012, and 33% in 2013. All other pa-
tients, apart from two, were on the twice daily re-
gime. 

The results showed that poor glycemic control 
was significantly associated with lower levels of 
education (r = -0.22, p = 0.02, Figure 4) and un-
employment (r = -0.19, p = 0.04). There was an as-
sociation between the level of income in the house-
hold (r = -0.16, p = 0.07) and overall deprivation (r 
= -0.17, p = 0.06), although this did not reach sig-
nificance. Glycemic control was not found to be as-
sociated with BMI. SDS, or emotional well-being. 

4. Discussion 

Our study showed that glycemic control was 
significantly poorer in patients living in the most 
deprived areas of the UK than in those living in 
the least deprived areas. It also emerged that 
household levels of education and employment 
were important determinants in achieving good 
glycemic control in children and young people with 
T1D. These findings are consistent with other re-
ports in adult populations that suggest socioeco-
nomic deprivation is associated with poor glycemic 
control [12-17]. 

Our results are in agreement with Chen et al. 
who also found that both education and income 
levels in the household are important determi-
nants of diabetes control, with low income and/or 
education levels to be associated with more fre-
quent hospitalization with a preventable diabetes-
related problem [18]. A study in the United States 
showed that poor education and household income 
increase the risk of diabetes-related mortality by 
two-fold. These findings emerged after controlling 
for other potential variables such as age, gender, 
ethnicity, and BMI [19]. In Israel, Jotkowitz et al. 
demonstrated that higher numbers of patients  

Table 1. Reasons for admission to hospital including both diabe-
tes-related and non-diabetes-related problems 
 

Reason for admission No. of admissions % 

Hypoglycemia 30 12.3 

Hyperglycemia (not DKA) 110 45.3 

DKA 69 28.5 

Poor glycemic control 13 5.3 

Vomiting 13 5.3 

Viral illness  6 2.5 

Tonsillitis 1 0.4 

UTI 1 0.4 
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with diabetes of all ages, poor glycemic 
control, and morbidity are more frequent 
among persons from the most deprived 
areas [20, 21]. 

Angus et al. reported that T1D pa-
tients had an increased risk of hospitali-
zation, but little evidence was available 
to explain which factors were causing 
this [1]. For obvious reasons, it is thought 
that good HbA1c results will minimize 
diabetic complications, and thus reduce 
hospitalization rates [1]. Long-term gly-
cemic control is required to prevent the 
late vascular complications of diabetes. 
Community and healthcare professional 
support such as psychoeducational and 
behavioral interventions play an impor-
tant role in diabetes management for pa-
tients and their families struggling with 
the daily management of diabetes [22]. In 
this study, there was no association be-
tween non-diabetes-related hospital ad-
missions and overall deprivation. Inter-
estingly, there were also no associations 
between overall deprivation and psycho-
logical well-being or body mass index in 
the children. 

This report shows that children and 
young people suffering from T1D are 
more likely to have a hospital admission 
for diabetes-related problems if they live 
in deprived areas. In a systemic review, it 
was shown that hospital admissions in-
creased in those patients who suffered 
from unemployment in their household 
[5]. These findings correspond with our 
results which show household employ-
ment is an important factor for achieving 
good glycemic control. 

Our study also showed that, if im-
provements in HbA1c levels can be 
gained, then less diabetes-related admis-
sions to hospital occur. There is a need 
for practical, cost-effective interventions, 
which should be applied to the diabetes 
population within communities that are 
most deprived, including goal setting, 
structured education, and psychosocial 
interventions. An important next step 
would be to focus on the more deprived 
areas, especially those affected by poor 
education or unemployment. Early inter-
vention and education from primary care 
and specialist diabetes teams within the 
community in deprived areas may be ef-
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Figure 1. Association of hospital admissions with overall dep-
rivation. This correlation chart shows the significant associa-
tion between the number of hospital admissions and overall 
deprivation (r = -0.18, p = 0.04). 
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Figure 2. The relationship between the number of admissions 
and deprivation quintiles. Quintile 1 is the most deprived and 
quintile 5 the least deprived area. The figure shows that pa-
tients with type 1 diabetes who live in a deprived area are 
more likely to be admitted. 
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Figure 3. The relationship between the number of admissions 
and average HbA1c. Diabetic patients admitted over five times 
during the five-year period had poor glycemic control com-
pared to those admitted less than five times. 
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fective in reducing hospital admissions for diabe-
tes-related problems. Clinicians managing chil-
dren with diabetes should be aware of the risks as-
sociated with poor education and unemployment 
and incorporate this knowledge into their patient 
management and psychological counseling. Mul-
tidisciplinary teams should ensure that families 
with poor literacy have an adequate understand-
ing of their children’s diabetes regimen. 

Overall, this study shows that in children with 
T1D, social deprivation is shown to be an impor-
tant determinant towards poor glycemic control 
and increased hospital admissions. Further stud-
ies may provide evidence for treatment programs 
to identify high-risk groups and comorbidities. Re-
duction in hospital admissions would significantly 
reduce healthcare cost and improve the quality of 
life of those affected. We believe that efforts should 
be made to target deprived populations with lower 
socioeconomic backgrounds, and adapt structured 
education programs specifically targeted to vul-
nerable populations when planning health care re-
sources as this will have a significant effect on 
children and young people with T1D in the future. 

5. Conclusions 
In this study, poor glycemic control was signifi-

cantly correlated with increased hospital admis-
sions. Patients with a diabetes-related problem liv-
ing in deprived areas were more likely to attend 

the accident and emergency (AE) department. 
Therefore, efforts should be made to target de-
prived populations with lower socioeconomic back-
grounds, and to adapt educational programs when 
planning health care resources. 

 
Disclosures: The authors reported no conflict of inter-
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