Abstract 

Purpose Ethnic minority children are at a greater risk for type 2 diabetes (T2D). However current prevalence of T2D among children and young people is unknown in England and Wales. Additionally, little is known on glycaemic control in paediatric T2D globally. 
Methods Using data from the National Paediatric Diabetes Audit (NPDA) for 2012-13 with >98% coverage of diabetes cases, we estimated 1. The overall, gender- and ethnic-specific prevalence of T2D in children and young people <16 years and 2. Whether ethnicity predicts glycaemic control (measured by mean HbA1c) in children and young people <19 years. Ethnicity was self-identified and categorised into 
White, Asian, Black, Mixed, Other and ’Not-stated’. Multivariable linear regression was used to estimate differences in glycaemic control by ethnicity adjusting for socioeconomic status, age, diabetes duration and gender. 
Results 307 children and young people <16 years of age were identified with T2D in the NPDA for 2012-13. Overall prevalence of T2D was 2.9/100,000. Females had a higher prevalence of T2D than males (4.3 vs. 1.5/100,000). The highest prevalence was found in Asian (12.2/100,000) followed by Mixed-ethnicity (4.4/100,000) females. Children of mixed-ethnicity had significantly higher mean HbA1c compared to White children (9.7% (83mmol/mol) vs. 7.8% (62mmol/mol), p<0.001, and adjusted mean difference of 4.2% (22.3mmol/mol), 95%CI 3.1-5.2% (10.9-33.7mmol/mol)), but there were no significant differences between the other ethnic minority groups.
Conclusion Children of all ethnic-minorities particularly females have an increased prevalence of T2D. Those belonging to mixed-ethnic backgrounds are at increased risk for poorer glycaemic control. 
Keywords Type 2 diabetes, ethnicity, glycaemic control, HbA1c, childhood, adolescence, prevalence, England, Wales
Type 2 diabetes (T2D) remains relatively rare in children and adolescents (between 1-2% of all diabetes cases) (1, 2). However, with the ongoing obesity epidemic in this group and its associated adverse metabolic consequences, there has been concern about increasing incidence/prevalence of T2D and its comorbidities including hypertension, dyslipidaemia and impaired glucose intolerance leading to reduced life expectancy (1). There is considerable variability in incidence rates for T2D. In some countries, 25-40% of all new cases of diabetes in children are now diagnosed as obesity-related T2D with some studies reporting >85% of all children with T2D as overweight or obese (3). This is a complex disease to manage for young patients, their families and clinicians because of its comorbidities and requires significant lifestyle changes and consistent long-term management (4). 

[bookmark: _GoBack]T2D is disproportionately more common among ethnic minority and low income children, which parallels similar disparities observed in obesity rates (1, 2, 5, 6). In adolescents, it is associated with elevated risk of future cardiovascular and other diabetes related complications which is different from long-term complications often associated with type 1 diabetes (7-11). These complications (such as dyslipidaemia and hypertension) are more common in ethnic minority and low income groups making them more vulnerable to increased morbidity and mortality in adulthood (2, 12).  

T2D among children in Europe and the UK is relatively less common when compared to the USA, Canada, Mexico, Brazil, Australia and India (1, 13). However, studies to date suggest an increase in T2D incidence in many European countries including the UK (14, 15). Additionally, the composition and proportion of ethnic minority groups varies significantly between different countries due to historical, geographical and political reasons and patterns of immigration. This might affect both the overall- and ethnic-specific prevalence estimates of T2D in different high-income and multicultural countries. There has been little evidence in recent years to document ethnic differences in prevalence of T2D among children in England and Wales using nationally representative data (15).  Additionally, not much is known on ethnic differences in glycaemic control in children with T2D globally. The main aims of this study are to document ethnic differences in the prevalence of T2D in children and young people in England and Wales in 2012-13 and to investigate any differences in glycaemic control between ethnic groups. Estimation of ethnic specific prevalences of T2D will help in framing future public health policies which might have to be more sensitive to the needs of particular ethnic minority groups.

RESEARCH DESIGN AND METHODS

Design, setting and data source
Data for this cross-sectional study was obtained from the National Paediatric Diabetes Audit (NPDA) for England and Wales (16). The NPDA was started in 2002 and reached near 100% participation covering all 178 paediatric diabetes units in 2012. It includes demographic and outcome data on almost all children with all forms of diabetes <19 years old and treated at a specialist paediatric clinic. This study was based on the 2012-13 audit year (1st April 2012 – 31st March 2013). Inclusion criteria comprised: a diagnosis of T2D, <19 years old on the first day of the audit, a minimum of one visit to a clinic during the audit year and valid information on ethnicity and postcode of residence. As per recommendations from the National Institute of Health and Care Excellence, a patient with diabetes is offered integrated healthcare by a multidisciplinary team at a clinic four times/year. HbA1c levels, height and weight are recorded at each visit. All demographical and clinical parameters are recorded systematically across clinics enabling comparison. The analysis was conducted in two parts: 1. Estimation of prevalence of T2D by gender and ethnicity in all children <16 years and 2. A regression analysis analyzing association between ethnicity and glycaemic control (HbA1c) in all children <19 years.
Prevalence calculation
The analysis on prevalence of T2D was restricted to those children <16 years as some patients transfer to adult services at this time, potentially underestimating prevalence rates 16-18 year-olds. The numerator for analysis on prevalence included all cases of T2D prevalent in 2012-13 and <16 years of age with valid data on gender and ethnicity (Figure 1). Patients (or their parents) self-reported their ethnicity using one of the fifteen categories as recommended by the Information Standards Board for Health and Social Care. Participants were also given the option to decline identifying their ethnicity (‘Not Stated’ option). The fifteen ethnic categories were collapsed into six broader groups (listed in Supplemental Table 2): White (British, Irish and any other White background), Asian (comprising subjects of mostly South Asian origin), Black (subjects of Caribbean and African origin), Mixed (any form of mixed ethnic background), Other (including Chinese and any other ethnic background not listed above) and ‘Not Stated’. We excluded the ‘Not stated’ ethnic group from the analysis on prevalence of T2D by ethnicity as the national census does not include this category and we were unable to estimate the prevalence for this group. The denominators for the analysis on prevalence were obtained from 2011 national census (the most recent census).
All prevalence rates were expressed as cases per 100,000 children 0-15.99 years of age. 
Regression analysis
Outcome and independent variables
HbA1c was used as a measure of overall T2D (glycaemic) control and the main outcome of interest. HbA1c values recorded as percentages were converted to mmol/mol using the formula: (HbA1c value in percentage-2.15) x 10.929. Where more than one HbA1c was recorded in the year, the mean was calculated for each individual. Independent variables included age, gender, diabetes duration, ethnicity and Socioeconomic Status (SES). Both age at diagnosis and age at clinic visit were calculated by subtracting the date of diagnosis from date of birth, and date of clinic visit from date of birth respectively. Duration of diabetes was calculated by subtracting the date at first visit in the audit year from the date of diabetes diagnosis. The first recorded entry for ethnicity in the audit year was used in the analysis. BMI was calculated as weight (in kilograms) divided by height (in metres) squared. Overweight and obesity in children was determined by using age- and sex-specific cut-offs proposed by the International Obesity Task Force (17). Age and sex appropriate BMI standard deviation scores or Z-scores were calculated as proposed by T.J. Cole et al (18).  SES was derived from postcode using Indices of Multiple Deprivation (IMD) 2010 for England, and the Welsh Indices of Multiple Deprivation 2008 for Wales (19). Although these two countries use slightly differing indices to define deprivation, adjustment can be made to align the two techniques (20). The IMD is a multidimensional index and scores are derived from a weighted combination of several indicators across seven distinct measures of deprivation including income, employment, education skills and training, health, barriers to housing and services, living environment and crime (21). It captures the ‘relative’ deprivation experienced by an individual living in an area with each area comprising approximately 1,500 individuals. IMD rank scores were grouped into quartiles for analysis, with the first and fourth quartiles corresponding to the least and most deprived respectively.  

Missing data
Overall, the level of missing data for all covariates was low; gender (0.2%), ethnicity (0.7%) and deprivation (3.4%). All subjects had valid data on age and diabetes duration. To minimize data loss, we imputed missing data using the multiple imputation chained equations (MICE) under a missing at random (MAR) assumption following published guidelines (22). We chose to only impute IMD rank scores. We did not impute ethnicity as this was the main exposure of interest. Regression analyses were run across 20 imputed datasets and parameters from each dataset were combined to obtain overall estimates using Rubin’s rules (23). Results from regression models with imputed data were near identical to those with observed data and we report the former. 
Statistical analysis
Continuous variables are presented as mean values with standard deviations and categorical variables as frequencies. Associations between ethnicity, SES and other covariates were analysed using univariable linear regression or Chi square tests for differences of proportions for continuous and categorical variables respectively. Multivariable linear regression models were fitted with mean HbA1c as the principal outcome and ethnicity or SES as the primary predictor (Models 1 and 2 respectively) to assess independent associations. Model 3 included both ethnicity and SES as covariates to assess associations with glycaemic control but adjusted for one another. All models were adjusted for child’s age during the audit year (years), gender and diabetes duration (years). For linear regression analyses, assumptions of linearity for continuous variables and constant variance of the standardized residuals were assessed by plotting the residuals against the fitted values.  Robust standard errors allowing for clustering of children within clinics were used for all linear regression models. All statistical analyses were conducted using STATA 13 (College Station, TX, USA).

Robustness tests
We repeated the main analysis (Model 3) but restricted to those children with a mean HbA1c<=13.1% or 120mmol/mol (N=376) children to assess whether differences in glycaemic control by ethnicity or SES remained the same after excluding very high values of HbA1c (>13.1% or 120mmol/mol). This was done to ensure that observed differences in mean HbA1c between the White and ethnic minority groups was not due to very high values (outliers) of HbA1c. We also repeated the analysis fitting multilevel regression models which take into account potential clustering by clinics. As multilevel modelling yielded almost identical results as multivariable linear regression, we present results from the former in Supplemental Table 1.  

Ethics
Ethical approval was not required by the University College London (UCL) Research Ethics Committee. The NPDA has section 251 approval granted by the Confidentiality Advisory Group to collect patient identifiable information for the purpose of audit. For this study all participants were anonymised making them unidentifiable. The study is registered with the R&D office, Institute of Child Health, UCL, (Project number 14PP08).























RESULTS

During the 2012-13 audit year, 443 children and young people (1.8% of all forms of diabetes) <19 years were recorded as having T2D in the NPDA. Of these 443, one lacked data on gender, three on ethnicity and 35 on HbA1c leaving 404 children with T2D (91% of the eligible sample) with data on age, gender, diabetes duration, ethnicity and SES who were included in the analysis to assess associations between ethnicity, SES and glycaemic control (Figure 1). Data on missing values of IMD scores for 13 children were imputed.
Table 1 shows the study population stratified by ethnicity. The mean age at diagnosis of T2D was 13 years and the mean age at first visit in the audit year was 14.9 years. There were no significant differences in either age at diagnosis or age at first visit between ethnic groups. More than 70% of study population with T2D were female in all ethnic groups with the exception of the ’Other’ and ’Mixed’ groups. The mean BMI for the study population was 30.2 kg/m2 and the vast majority of children (>80%) across all ethnic groups were overweight or obese (BMI ≥25kg/m2).

Prevalence of type 2 diabetes
307 (224 or 73% females) children and young people <16 years of age with valid data on age, gender and ethnicity were included in the analysis on prevalence. The overall prevalence of T2D in children <16years was 2.9 (95% CI 2.6-3.2) per 100,000. Prevalence of T2D differed significantly between ethnic groups (Table 2). The highest prevalence of T2D was observed in Asians (8.0 (6.2-9.6)/100,000) followed by the ‘Other’ (6.0, (2.9-11.6)/100,000) and Mixed (3.8, (2.4-5.7)/100,000) ethnic groups (Table 2). The White group had the lowest prevalence of T2D (1.4, (1.2-1.7)/100,000). Overall, females had a higher prevalence compared to males (4.3 vs. 1.5/100,000, Table 2). The higher prevalence point estimates of T2D in females were observed in all ethnic groups with the exception of the ‘Other’ group (Table 2). The highest prevalence of T2D was found in Asian females (12.2, (9.5-15.6)/100,000), whereas White males had the lowest prevalence (0.6, (0.4-0.9)/100,000), Table 2. 

Ethnic differences in glycaemic control
Table 3 shows the results of regression analysis. Univariate analysis revealed that the ’Mixed’ ethnic group had significantly higher mean HbA1c (9.8% (83mmol/mol)) compared to all other ethnic groups. Differences in mean HbA1c were relatively small between the other ethnic groups. Additionally, the ‘Mixed’ ethnic group was the only group where the majority (67%) of subjects were classified has having poor glycaemic control (HbA1c≥58mmol/mol). In multivariable linear regression models, mixed ethnicity children were the only ethnic group to have statistically significant differences in mean HbA1c compared to those of White ethnicity. On average, HbA1c was 4.2% or 22.3 mmol/mol (95% CI 3.1-5.2% or 10.9-33.7mmol/mol) higher in the ’Mixed’ ethnic group compared to White group after adjustment for covariates (Table 3). Asians and the ’Other’ ethnic group also had higher mean HbA1c values but these differences were not statistically significant (Table 3). 
SES was not associated with glycaemic control in either univariate analysis or in the regression models.

Robustness checks
The observed higher mean HbA1c in ‘Mixed’ children was similar but with a slightly attenuated point estimate (3.8% or 17.5mmol/mol, 3-4.6% or 7.9-27.1) and remained statistically significant in the regression model restricted to those with HbA1c<13.2% (121mmol/mol). Repeating the analysis using multilevel regression modelling taking into account potential clustering at the clinic level made no difference to the conclusions (Supplemental Table 1).

CONCLUSIONS

Using a near complete sample of all children with T2D in England and Wales in 2012/13, we found ethnic minority children had higher prevalence of T2D compared to White children. Highest prevalence estimates were observed in Asian and Mixed-ethnicity females, who had a greater than five-fold and nearly two-fold increased prevalence of T2D compared to White female children respectively. With the exception of the Mixed ethnicity group, other ethnic minorities were not at increased risk for worse glycaemic control compared to the White group. The Mixed ethnic group had substantially higher mean HbA1c corresponding to ~1SD above the mean for the entire study population. This was despite the Mixed ethnic group having the second lowest mean BMI compared to other groups (Table 1).

This study is the first to calculate the prevalence of paediatric T2D in all major ethnic groups in England and Wales. Two previous studies analysed ethnic differences in T2D prevalence in England and Wales using nationally representative data collected by the British Paediatric Surveillance Unit (BPSU) (14, 24). Ehtisham et al reported that South Asian children had a higher prevalence compared to White children but the study was restricted to two ethnic groups. Similar to these studies, we found the majority of T2D cases were ethnic minority females. However, an alarming observation is the substantial 15 fold increase in overall T2D prevalence from 0.2/100,000 in 2000 to 3/100,000 in 2012-13 in <16 year-olds (24). BPSU surveys have high response rates (>90%), are considered to have high ascertainment relying on paediatricians’ and diabetes specialist nurses reporting and are duplicated in countries around the world (14). Additionally, it would be unlikely that a child/young person with T2D who would not be under the care of a paediatrician early in the last decade, making the BPSU survey data comparable to the NPDA.
Our results are consistent with international studies in that ethnic minority children have increased prevalence of T2D. The average age at diagnosis in this study (13 years) is comparable to that reported elsewhere (25).  A US study reported an overall prevalence of 0.22/1,000 in <20year olds which is much higher than that in our study (26). Our prevalence estimates are similar to those reported in Germany and Sweden (27, 28).

To our knowledge this is the first study in the UK to report ethnic differences in glycaemic control in a national cohort of children with T2D. A smaller American study with 103 subjects but restricted to two ethnic groups reported that non-White adolescents had poorer glycaemic control compared to White adolescents (29). 
Additionally, we analysed differences in prevalence and glycaemic control in all six major ethnic groups corresponding to official standard ethnicity classifications. Ethnicity is self-identified which is considered the ‘gold standard’ in studies on ethnicity and health (30). The IMD scores have been shown to be associated with several health outcomes is previous studies and is considered to be the standard benchmark for UK governmental health and social policy (31). 
A strength of our analysis is the representative dataset, with near-complete coverage of England and Wales. The NPDA data is collected annually by participating diabetes clinics. Each clinic submits data on all participants under their care to a centralised database which helps minimize selection bias. Although the NPDA cannot verify whether 100% of children with T2D in England and Wales are included in the audit, it is estimated to represent in excess of 95% of cases and is thus nationally representative. 
This study has certain limitations. The NPDA cannot validate the diagnosis of T2D made by clinicians and it is possible that a certain proportion of cases such as Maturity Onset Diabetes of the Young (MODY) could have been misclassified as T2D. However, MODY affects less <2% of all diabetes cases and any misclassification should not affect the results. Nearly 20% of all subjects chose not to divulge their ethnicity and were grouped in the ‘Not-Stated’ category. This could lead to an underestimation of ethnic-specific prevalence rates. The ‘Not-stated’ group is more likely a heterogeneous mix of children belonging to all ethnic backgrounds and thus underestimation of prevalence rates is likely to be minimal. The small sample sizes in some ethnic minority groups could limit potential differences in glycaemic control from the white group. We were unable to account for family history of T2D, a known risk factor, as this information is not recorded. Given that the majority of children with T2D are overweight or obese, future studies need to investigate the potential modifying effects of lifestyle factors (such as physical activity and diet) which are likely to vary between ethnic groups (29, 32). The use of area-based deprivation scores such as the IMD makes the assumption that all residents in a specific area have the same attributes of SES associated with that area. This is probably less likely (the ecological fallacy), but it has been shown that area-based SES indicators such as the IMD are reasonable proxies in the absence of individual-based SES indicators (33). In fact the IMD is recommended for use in tracking health inequalities in UK government statistics and allows much finer small area resolution, down to the level of census lower layer super output areas (LLSOAs) which contain on average 1,400 people. Lastly, the absolute number of children with T2D is small and any increase over time is likely to appear considerable when presented as an ‘x-fold’ increase.
Our finding of a 15 fold increase in the prevalence of diabetes is a cause for concern. It shows that T2D is no longer an exceptionally rare disease among children and disproportionately affects ethnic minorities. This will significantly impact healthcare delivery as ethnic-specific programs should be designed to identify children at greater risk for T2D, including intervention programs that take into account diet, afterschool activities and neighbourhood characteristics. The latter is important as certain ethnic groups are more likely to live in deprived areas often associated with a poorer choice of amenities (restaurants, supermarkets, recreational spaces – giving rise to the ‘obesogenic environment’) (34). The lack of association between SES and glycaemic control is counterintuitive. We expected lower SES children to have worse glycaemic control similar to that seen in children with type 1 diabetes and in adults with T2D (35). One possible explanation for this could be low statistical power due to the small numbers in ethnic minority groups.  
There is limited but growing evidence for increased risk of behavioural (substance abuse, suicide attempts), emotional, stress and health issues in adolescents of mixed ethnicity (36, 37). However, evidence is contradictory, varies by country of residence and the combination of ethnic group-origin of mixed ethnicity children (37). Mixed ethnicity children represent a small but growing proportion of the population (4.9% of all <20 years olds identified as being mixed in the 2011 UK National census). Within this group, the largest proportion is those identifying as being mixed White and Black-Caribbean (35.5%), followed by mixed White and Asian (28.9%) and mixed White and ‘other’ (21.4%). The smallest group is the mixed White and Black-African (14.2%). Identity issues leading to social isolation, poorer self-confidence, poorer academic performance and family dynamics could explain worse health outcomes this group. Such factors will vary between different mixed ethnicity groups due to differences in SES, place of residence and cultural factors. One possible explanation for greater risk behaviour in mixed ethnicity children is the struggle to find a positive identity (an important factor for increasing resiliency) especially during puberty and adolescence (36). Resulting issues like low self-esteem, not feeing accepted, lack of confidence can contribute to risky behaviour making it difficult to manage chronic conditions like diabetes (and also lead to risk factors for such diseases).  A study on the British MBC study found that households with mixed-ethnicity children were socioeconomically better-off when compared with their ethnic counterparts with non-mixed children, but were on average poorer than White households (38). The only exception was households with mixed-Indian children that had the highest income among all ethnic groups. This suggests a need to analyse the associations presented in this study separately for different mixed-ethnicity groups, which we were unable to do due to small numbers in this category.  
This study shows a substantial increase in prevalence of T2D in England and Wales over the past decade. The most vulnerable children are ethnic minorities, specifically females of Asian, Mixed and Black ethnicity. More needs to be done to be able to identify these vulnerable populations before the actual onset of T2D. 
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Table 1. Characteristics of the 391 children and young people with type 2 diabetes included in the study by ethnicity
	
	Ethnic group
	

	Characteristics
	White
	Asian
	Black
	Mixed
	Other
	Not Stated
	All
	Pa

	
	N=153
	N=99
	N=25
	N=24
	N=13
	N=77
	N=391
	

	Age at diagnosis (years)
	12.98 (2.32)
	12.77 (2.88)
	12.85 (2.66)
	13.13 (1.40)
	13.19 (2.36)
	13.32 (2.52)
	13       (2.48)
	0.8

	Age at visitb
(years)
	14.77 (1.86)
	14.71 (2.26)
	15.24 (2.9)
	14.7 (1.74)
	15.21 (1.76)
	15.1   (2.12)
	14.85 (2.08)
	0.7

	Female (%)
	73
	76
	72
	54
	46
	70
	71
	0.12

	Diabetes duration (years)
	1.78  (1.87)
	1.93  (2.06)
	2.38  (1.68)
	1.56  (1.82)
	2.02  (1.6)
	1.75  (1.61)
	1.85  (1.85)
	0.64

	Mean HbA1c  (mmol/mol)
(%)
	62  (22)
7.8 (4.2)
	65  (25)
8.1 (4.4)
	63 (24)
7.9 (4.3)
	83 (29)
9.8 (4.8)
	67 (30)
8.2 (4.9)
	61 (23)
7.7 (4.3)
	64 (24)
8 (4.4)
	
<0.001

	Proportions achieving HbA1c target (%)
	
	
	
	
	
	
	
	

	<58mmol/mol
	49
	50
	60
	33
	54
	54
	50
	0.51

	>=58mmol/mol
	51
	50
	40
	67
	46
	46
	50
	

	
	
	
	
	
	
	
	
	

	Mean BMI (kg/m2)
	31 (4.92)
	29 (5.4)
	30.67 (4.18)
	29.12 (4.36)
	32.38 (4.07)
	29.91 (6.1)
	30.15 (5.22)
	0.09

	Mean BMI Z-scores
	2.61 
	2.24
	2.62
	2.40
	2.85
	2.34
	2.45
	0.06

	BMI Z-score ≥85th percentile (%)
	93
	87
	100
	100
	100
	89
	92
	0.06

	Overweight or obesec - (BMI≥25kg/m2 (%))
	91
	83
	96
	95
	100
	86
	89
	0.31

	Socioeconomic status (mean IMD score)d
	29.28(17.25)
	36.1 (16.15)
	29.87(11.84)
	32.4 (14.98)
	38 (16.47)
	29.84 (17.38)
	31.63 (16.73)
	<0.05


Values are means (SD or percentages)
aP values are for a test of equal means or proportions
bAge at first clinic visit in the audit year
cProportions shown are for a smaller sample of 291 children. Overweight/obesity calculated according to IOTF cut-offs 
dA lower IMD score indicates lower deprivation (or higher socioeconomic status)
NS – Not statistically Significant.










Table 2. Prevalence of type 2 diabetes by ethnic group and gender in children and young people <16 years in 2012-13 in England and Wales

	
	Number of cases
	Base population
	Prevalence

	Ethnic group
	Total
	Males
	Females
	Total
	Males
	Females
	All
95% CI
	Males
95% CI
	Females
95% CI

	
	
	
	
	
	
	
	
	
	
	
	
	

	All
	307
	83
	224
	10,579,132
	5,417,362
	5,161,770
	2.9
	2.6-3.2
	1.5
	1.2-1.8
	4.3
	3.8-4.9

	White
	122
	28
	94
	8,347,929
	4,280,186
	4,067,743
	1.4
	1.2-1.7
	0.6
	0.4-0.9
	2.3
	1.8-2.8

	Asian
	81
	19
	62
	1,037,325
	530,449
	506,876
	8.0
	6.2-9.6
	3.5
	2.2-5.5
	12.2
	9.5-15.6

	Black
	14
	4
	10
	508,793
	257,260
	251,533
	2.7
	1.6-4.5
	1.5
	0.5-3.9
	3.9
	2.0-7.2

	Mixed
	21
	9
	12
	550,734
	280,219
	270,515
	3.8
	2.4-5.7
	3.2
	1.6-6.0
	4.4
	2.4-7.6

	Other
	8
	6
	2
	134,351
	69,248
	65,103
	6.0
	2.9-11.6
	8.6
	3.7-18.6
	3.0
	0.7-11.2

	Not Stateda
	61
	17
	44
	-
	-
	-
	-
	-
	-
	-
	-
	-


a The ‘Not Stated’ ethnic group is not official option for recording ethnicity in the National Census but is included as an option in the NPDA for those that decline to state their ethnicity. Due to this discrepancy we are unable to estimate prevalence rates for this particular group.



Table 3. Results from multivariate linear regression – assessing associations between ethnicity and glycaemic control in children with type 2 diabetes in England and Wales in 2012-13

	
	Model 1 – Ethnicity onlya
	Model 2 – SES onlya
	Model 3 – All covariatesa

	Covariate
	HbA1c (mmol/mol) difference  from reference 
	95% CI
	HbA1c (mmol/mol) difference  from reference
	95% CI
	HbA1c (mmol/mol) difference  from reference
	95% CI

	Ethnicity
	
	
	
	
	
	

	White
	Reference
	-
	
	
	Reference
	-

	Asian
	 3
	(-)3 – 8
	
	
	 3
	(-)3 – 9

	Black
	-1
	(-)11 – 9
	
	
	-2
	(-)11 – 8

	Mixed
	 22
	11 – 33
	
	
	 22
	 11 – 34

	Other
	 3
	(-)11 – 18
	
	
	 4
	(-)11 – 19

	Not stated
	-1
	(-)7 – 4
	
	
	-1
	(-)6 – 6

	SES
	
	
	
	
	
	

	Q1
	
	
	Reference
	-
	Reference
	-

	Q2
	
	
	 2
	(-)4 – 9
	 2
	(-)4 – 9

	Q3
	
	
	 3
	(-)4 – 10
	 2
	(-)5 – 8

	Q4
	
	
	-2
	(-)9 – 5
	-3
	(-)10 – 4


aAll models adjusted for age (years), diabetes duration (years) and gender. Text in bold indicates statistical significance at p<0.05






Figure 1. A flow chart explaining how the study populations for type 2 diabetes prevalence analysis and regression analysis were conceived.
Number of children and young people (CYP) with type 2 diabetes (DIABETES), <19 years of age in the NPDA 2012-13, N=443




Data imputed for 13 children missing data on IMD scores
Excluded, 35 missing data on outcome HbA1c
Number of CYP with data on all covariates & included in regression analysis, N=404
Number of CYP with data on all covariates including HbA1c & available for regression analysis, N=391
xx
Number of CYP with DIABETES, <19 years of age with data on all covariates, N=426
Excluded, 1 missing data on gender, 3 missing data on ethnicity & 13 missing data on IMD scores
Number of CYP with DIABETES, <16 years of age with data on age, gender & ethnicity & included in prevalence analysis N=307
Number of CYP with DIABETES, <19 years of age with data on age & diabetes duration, N=443



