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Introduction

The diabetes prevalence model provides estimates of total (diagnosed and
undiagnosed) diabetes prevalence for people aged 16 years and older in England.

Diabetes refers to a condition where the amount of glucose in your blood is too high.
There are two main types of diabetes, type 1 diabetes and type 2 diabetes. Type 1
diabetes develops when the body is unable to produce any insulin. Type 2 diabetes
develops when the body is unable to produce enough insulin or the body’s cells don’t
react to insulin. It is estimated that approximately 90% of diabetes is type 2.* The
diabetes prevalence model does not make any distinction in the type of diabetes.

The model was developed using data from the latest three years of Health Surveys for
England (HSE), 2012, 2013 and 2014.? The estimates take into account the age, sex
and ethnic group distribution, as well as deprivation of the area. Estimates are created
using resident populations and GP registered populations. The 2014 Office for National
Statistics (ONS) population projections were used for the resident population
estimates.? The numbers of patients registered by GP practice in April 2015 were used
for the registered population estimates.*

Diabetes prevalence estimates have been produced for local authorities, clinical
commissioning groups (CCG) and for the whole of England and are provided for 2015,
2016, 2017, 2018, 2019, 2020, 2025, 2030 and 2035. As with all modelled data, there
is a degree of uncertainty associated with these estimates therefore should be
considered indicative only. The estimates are available to download at:
www.ncvin.org.uk.

Previous diabetes estimates

The diabetes prevalence model is an update of the Association of Public Health
Observatories (APHO) diabetes prevalence model produced in 2010 ° which in turn
was built on the underlying principles and structure of the Public Health Observatory-
Brent Primary Care Trust-ScCHARR (PBS) diabetes prevalence model originally
developed in 2004.°

The PBS diabetes prevalence model used data from a number of the epidemiological
population-based diabetes prevalence studies from the late 1980s to the early 1990s.
Diabetes was defined using oral glucose tolerance testing to identify type 2 diabetes
and a capture-recapture method based study for type 1 diabetes. These prevalence
estimates were applied to the resident population of England by age, sex and ethnic
group with adjustments applied for deprivation.
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The APHO diabetes prevalence model followed a similar structure to the PBS diabetes
model, but with the underlying prevalence data taken from the 2006 HSE. In addition,
the 2004 HSE was used to take into account differences in prevalence by ethnic group.
Diabetes was defined as self-reported doctor-diagnosed diabetes and/or a glycated
haemoglobin (HbA1c) of 6.5% of more. Self-reported diagnosed-diabetes prevalence
by age and sex were calculated from the 2006 HSE with age-adjusted relative risks by
ethnicity applied from the 2004 HSE. Undiagnosed diabetes was accounted for by
applying the proportion of undiagnosed diabetes by sex to the age, sex and ethnic
specific prevalence rates of diagnosed diabetes. A deprivation adjustment index was
then applied to take into account the pattern of deprivation within each area.

Methods

The HSE is an annual survey of adults aged 16 and over living in private households in
England.” The surveys are designed to be representative of the population living in
private households in England and are weighted to match ONS population estimates by
age, sex and region. The HSE uses a clustered, multi-stage, stratified probability
design which means that participants in the survey are selected over two stages. This
involves a random sample of primary sampling units (PSUs) based on postcode sectors
and then a random sample of postal addresses.

Each survey consists of a series of core questions conducted by an interviewer,
followed by a visit from a nurse in those who agree. The nurse visit includes additional
guestions, physiological measurements and collection of blood and saliva samples. Not
all interviewees agree to a nurse visit and not all who have a nurse visit agree to a
blood test. In those who had a blood test, HbAlc was measured. Non-response
weights are included in the HSE dataset, including weighting factors for respondents
who had a blood sample. The blood weight adjusts for selection, non-response and the
population profile of the sample that receives the nurse visit.

Using the HSE data, diabetes can be defined using two methods:

¢ self-reported doctor-diagnosed diabetes
e the results of the blood hbalc measurement data

Self-reported doctor-diagnosed diabetes was defined based on a positive response to
both of the following questions at interview (with the exception of women who only had
diabetes during pregnancy):

e Do you now have, or have you ever had diabetes?
e Were you told by a doctor that you had diabetes?
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No attempt was made to validate this data and no distinction was made between type 1
and type 2 diabetes. Using data from the National Diabetes Audit (NDA), it is estimated
that approximately 90% of diabetes is type 2.*

In 2011, the World Health Organization (WHO) recommended that HbAlc could be
used as an alternative to standard glucose measures to diagnose a person with type 2
diabetes and that HbAlc levels of 6.5% (48mmol/mol) or above indicated that a person
has type 2 diabetes.? Using the results of the blood data in the HSE, individuals who
had a HbA1c value of 6.5% or more from the blood test and had not been previously
diagnosed with diabetes were assumed to have undiagnosed diabetes.

Total diabetes (diagnosed and undiagnosed) was defined as self-reported doctor
diagnosed diabetes or an HbAlc of 6.5% of more who had not reported that they had
been diagnosed with diabetes.

The diabetes prevalence model was developed using data from the latest three years
of HSE, 2012, 2013 and 2014 using a multivariate logistic regression model to predict
total diabetes (diagnosed and undiagnosed). A calibration correction was applied from
September 2013 onwards. ° The data was weighted using the blood weight included in
the HSE dataset. Robust standard errors were calculated to take into account the
complex sampling of the survey design. The model was developed using STATA
version 13.

Variables considered for inclusion in the model

The risk factors for developing type 2 diabetes are well known and include: increasing
age, ethnicity, a family history of diabetes, increased body mass index (BMI) and/or
waist circumference and high blood pressure, a heart attack or stroke.'® Male gender
and socio-economic deprivation are also common associations with diagnosed type 2
diabetes.>*! In addition, individuals with non-diabetic hyperglycaemia, also known as
impaired glucose control or prediabetes, are at increased risk of type 2 diabetes ** 2.
The risk factors for type 1 diabetes are less well known and are still being researched,
however, they also include an increased risk if there is a family history of diabetes.
Other risk factors include environmental and exposure to some viral infections.*

The HSE is a cross-sectional survey, therefore non-diabetic hyperglycaemia cannot be
used as a risk factor to predict diabetes. With the exception of family history of
diabetes, all other risk factors for type 2 diabetes are available from the HSE and so
could be considered for inclusion in the model. However, while they are available from
the HSE, only a limited number are directly available (eg age) or can be estimated at a
local level, such as local authority or CCG. Risk factor variables that can be estimated
at a local level (age, sex and ethnicity) were considered for inclusion in the prevalence
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model. This is consistent with the APHO and PBS prevalence models. Table 1 lists the
variables used from the HSE and their description.

Table 1. Variables used from the HSE

Variable HSE variable Description

Age Age Age last birthday

Gender Sex Sex of individual

Ethnicity Origin Ethnic origin of individual 18 ethnic
categories available

Multivariate logistic regression

A multivariate logistic model was used to produce local and national level estimates of
the number of people with diabetes (diagnosed and undiagnosed). All variables were
added as categorical variables with the effects estimated relative to a reference
category. Age was grouped into 10-year intervals; 16-24, 25-34, 35-44, 45-54, 55-64,
65-74 and 75 plus. The 18 ethnic categories were collapsed into two groups, ‘South
Asian and black’ and ‘white, mixed, other’. Any data records with missing values were
excluded from the multivariate analysis, giving an unweighted sample size of 12,238.
Table 2 summarises the model output.

All variables were found to be significant in the model. Interactions were considered but
were not found to be significant. For age group, the adjusted odds ratio increased as
the age group increased, showing a clear association between increased age and
increased odds of developing diabetes. The reference category for sex was male, and
for females the odds of diabetes were approximately 68% lower relative to males. For
ethnic group, the reference group was the ‘white, mixed and other’ ethnic group, and
for the ‘South Asian and black’ ethnic group, the odds ratio implies an increase of
nearly four times relative to the reference group.

Validation was carried out by refitting the model on 70% of the data (randomly
selected) and using the remaining 30% to assess model fit. Good agreement was
found between the co-efficients produced using the full dataset compared with the
refitted model. Using the validation data, and optimising for sensitivity and specificity,
a sensitivity of 70.0% and specificity of 73.8% was found. The area under the curve
was 0.78.
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Table 2. Multivariate model output

Variable Coefficient | P value | Odds | 95% CI | 95% CI
ratio lower higher
Age group (16-24) 1.0
Age group (25-34) 411 .081| 1.509 0.634 3.590
Age group (35-44) 1.508 | <0.0001 | 4.516 2.080 9.801
Age group (45-54) 2.606 | <0.0001 | 13.551 6.452 | 28.464
Age group (55-64) 3.039 | <0.0001 | 20.887 | 10.021 | 43.536
Age group (65-74) 3.428 | <0.0001 | 30.818 | 14.706 | 64.582
Age group (75+) 3.901 | <0.0001 | 49.457 | 23.510 | 104.039
Sex (Male) 1.0
Sex (Female) -.386 | <0.0001 | 0.680 0.595 0.778
Ethnic group: White, Mixed, Other 1.0
Ethnic group: South Asian & black 1.358 | <0.0001 | 3.889 2.928 5.166
Constant -4.907 | <0.0001

Accounting for deprivation

Deprivation was found to have an independent association with diabetes after adjusting
for age, sex and ethnicity (p value <0.0001). However, deprivation was not included as
a variable in the regression model due to the nature of the local level data available, ie
there are difficulties in reliably estimating deprivation by age, sex and ethnicity by
CCGllocal authority. A two-stage modelling approach was therefore implemented,
combining regression estimates with a deprivation adjustment added at the local level.
This is consistent with the APHO and PBS prevalence models which both included an
adjustment for deprivation at the local level.

The distribution of the population within each quintile of the indices of multiple
deprivations (IMD) 2015 were calculated for each area (local authority and CCG).
These data were combined with the relative risks of having diabetes in each quintile
nationally to create a deprivation adjustment index. The total diabetes prevalence
estimated from the regression model was then multiplied by the deprivation adjustment
index to account for the pattern of deprivation within each area. The deprivation
adjustment does not alter the total number of people estimated to have diabetes in
England but alters their distribution across local authorities and CCGs.

The results of the model output with and without the deprivation adjustment were
compared with diagnosed diabetes prevalence recorded in GP registers in the Quality
and Outcomes Framework (QOF)* in 2014/15 by CCG. The model with deprivation
adjustment gave a significantly improved match (graphs 1 and 2).
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Graph 1: Without deprivation adjustment Graph 2: With deprivation
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Population data

Estimates of diabetes are created using resident populations and GP registered
populations. The 2014 population projections produced by the ONS were used for the
resident population estimates. The population projections are available for both local
authority and CCG by age and sex. Population projections are produced until the year
2035.

The numbers of patients registered by GP practice in April 2015 were used for the
registered population estimates. The population estimates are available for CCG by
age and sex. The year-on-year change in population by age, sex and CCG produced
by the ONS resident population estimates was applied to the GP practice populations
to produce population projections until the year 2035.

The registered population is over two million higher (4% higher) than then resident
population. There is wide variation between the resident and registered population by
CCG ranging from 16% lower (Nottingham West CCG) to 46% higher (Bradford City
CCG). The prevalence estimates for the registered population will therefore differ to the
prevalence estimates for the resident population due to overall differences in the
population and population mix.

Estimates of ethnicity by CCG/local authority and ten-year age bands and sex were
derived from Hospital Episode Statistics (HES) admissions between 2012/13 to
2014/15 for patients of known ethnicity. Patients with unknown ethnicity were excluded.
The proportion of admissions by ‘South Asian and black’ and ‘white, mixed, other’ by
10-year age bands and sex and local area were applied to the population estimates by
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age and sex. It was assumed that the HES admissions data was representative of the
ethnic population of the area and that unknown ethnicity was missing at random.

Comparisons were made between model output produced using ethnic proportions
calculated from the HES data with those from the 2011 census. There was little
difference to the overall prevalence estimate for England, a difference of 0.04%, with
the majority of local authority prevalence estimates within 0.1% of each other and
nearly all within 0.2%. The remainder were within 0.5%. The largest differences were
observed primarily in the London area and could be due to actual differences in the
ethnic populations, although this cannot be verified. Recent research has supported the
usefulness of ethnicity data from UK-based primary and secondary care'*>*® while
acknowledging the presence of bias due to missing or incorrect ethnicity data. The use
of HES data provides a mechanism to continue to provide ethnicity estimates that are
more timely than the 10-year census data.

Model application

The model was applied to each distinct sub-population in a CCG/local authority (as
defined by the input variables) to calculate a probability of having diabetes for
individuals in that group. The probability was then multiplied by the size of the sub-
population and the resulting numbers accumulated to give the estimated number of
people with diabetes for that CCG/local authority. This was then multiplied by the
deprivation adjustment and then divided by the total population aged 16 years and over
to give the prevalence estimates by CCG/local authority.
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