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January 1, 2009 and alive on April 1, 2013 was followed to December 31, 2019.
Cox proportional hazards models adjusting for demographic characteristics,
smoking, HbA1lc, blood pressure, serum cholesterol, BMI, duration of diagnosis,
estimated glomerular filtration rate, prior myocardial infarction, stroke, heart fail-
ure, respiratory disease and cancer, were used to investigate whether care pro-
cesses recorded January 1, 2009 to March 31, 2010 were associated with
subsequent mortality.

Results: Over a mean follow-up of 7.5 and 7.0 years there were 26 915 and 388 093
deaths in people with type 1 and type 2 diabetes, respectively. Completion of five or
fewer, compared to eight, care processes (retinal screening not included as data were
not reliable) had a mortality hazard ratio (HR) of 1.37 (95% confidence interval
[CI] 1.28-1.46) in people with type 1 and 1.32 (95% Cl 1.30-1.35) in people with type
2 diabetes. The HR was higher for respiratory disease deaths and lower in South
Asian ethnic groups.

Conclusions: People with diabetes who have fewer routine care processes have
higher mortality. Further research is required into whether different approaches to

KEYWORDS

1 | INTRODUCTION

Optimal management of blood glucose, lipids and blood pressure
reduces the microvascular and macrovascular complications of diabe-
tes.1® Accordingly, measurement and management of glycated
haemoglobin (HbA1c), blood pressure and lipid profile are at the cen-
tre of national and international diabetes care guidelines.*” Regular
review of these and other risk factors for complications, including
weight and smoking habit, are recommended, as are tests for early
detection of kidney, foot and eye disease.

In England, the National Institute for Health and Care Excellence
(NICE) recommends that people with type 1 diabetes* and type
2 diabetes® are offered nine annual processes (measurement of
HbA1c, lipids, creatinine, albuminuria, blood pressure and body mass
index [BMI], ascertainment of smoking status, and examination of
the feet and retinae), and the completion of these has been incentiv-
ized in primary care.® Most international guidelines also stress the
importance of these care processes. However, whilst their regular
completion might seem intuitively sensible, the level of evidence to
support the guideline- recommended processes, including their
effect on clinical outcomes, is usually not known or is rated at the
lowest standard of evidence (“expert consensus” or “clinical
experience”).”

In England and Wales, the National Diabetes Audit (NDA)
collects patient-level data on people with diagnosed diabetes.
The present study assesses whether recorded care processes

completion was associated with mortality over the subsequent

care might improve outcomes for this high-risk group.

cohort study, type 1 diabetes, type 2 diabetes

decade after adjustment for the risk factors that the care pro-
cesses uncover, individual demographic characteristics and

comorbidities.

2 | MATERIALS AND METHODS
21 | Datasources

The NDA has collated data on people with diagnosed diabetes regis-
tered with a primary or specialist healthcare provider in England since
2003. Individuals receiving care from general practice and specialist
outpatient services based in acute and community trusts are included
if they have a valid code for diabetes mellitus (excluding gestational
diabetes) in their electronic health record.” The 2009/2010 NDA data
collection included data from 6700 (76%) general practices and was
estimated to include data on 81.1% people aged 17 years and older
with diagnosed diabetes in England and Wales.2°

These data were linked to Hospital Episode Statistics and the
Patient Episode Database for Wales, which records all hospital admis-
sions in England and Wales, respectively, and to civil death registra-
tions in both countries collated by the Office for National Statistics.

The legal basis for the NDA data collection and linkage is a “direc-
tion” from NHS England to NHS Digital according to section 254 of
the Health and Social Care Act for England 2012; in Wales it is
granted under section 270 of the Health and Social Care Act. To pro-
tect confidentiality, all data with a final digit of 1, 2, 8 or 9 are
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rounded to O, and 3, 4, 6 or 7 are rounded to 5. Numbers with a final
digit of O or 5 are unchanged.

2.2 | Study population and observation period

The study population was people aged between 17 and 99 years on
January 1, 2009, diagnosed with type 1 diabetes and type 2 diabetes
before January 1, 2009 who were included in the 2009/2010 NDA
data collection and still alive on April 1, 2013. Analysis was restricted
to individuals who survived 3 years after the exposure period to
reduce potential bias from the clinically appropriate suspension of dia-
betes care processes for people in end-of-life care. Individuals were
followed up from April 1, 2013 until death or December 31, 2019.

2.3 | Outcomes

The outcomes were death from all causes and underlying (primary)
cause of death from cardiovascular disease (International Classifica-
tion of Disease [ICD]-10 codes 101-199), cancer (ICD-10 codes
C01-C99), respiratory disease (ICD-10 codes J01-J99), diabetes-
specific causes (ICD-10 codes E10-14) and renal disease (ICD-10
codes N17-19).

24 | Exposures

Data secondarily recorded in general practice systems for retinal
examinations for this period are not considered reliable. The primary
exposure was, therefore, the number out of a total of eight care pro-
cesses (blood tests for HbA1lc, cholesterol, creatinine, measurement
of blood pressure, BMI, albuminuria, smoking habit assessment and
the examination of feet) recorded as undertaken between January
1, 2009 and March 31, 2010. As initial exploratory analysis identified
that only a minority of people had five or fewer care processes
recorded and that people receiving six or seven care processes had
similar characteristics and outcomes, these categories were used in
the analysis. People who had all eight care processes recorded formed
the primary reference group to reflect current national guidelines.

Age and duration of diagnosed diabetes at baseline were calcu-
lated using date of birth and date of diagnosis, respectively. Ethnicity
was based on self-reported ethnic group as recorded by healthcare
providers and classified as White, Mixed, South Asian, Black, other or
missing. Type of diabetes was attributed based on the most recent
type recorded by a healthcare provider and notified to the NDA. Data
from a specialist healthcare provider were assigned precedence over
the type of diabetes in the primary care health record.

Deprivation was measured using the area-based Index of Multiple
Deprivation 2007! based on the home postcode recorded in the
2009/2010 NDA data collection and split into quintiles for analysis.

The latest reported risk factor measurements in the period
January 1, 2009 to March 31, 2010 for HbA1lc, systolic blood

pressure, total cholesterol, creatinine, BMI and smoking habit were
identified. Estimated glomerular filtration rate (eGFR) was calculated
using the Modification of Diet in Renal Disease formula.'?

Hospital admissions for myocardial infarction (ICD-10 codes
121-22), stroke (ICD-10 codes 161, 163-64, 167.9), heart failure (ICD-10
codes 150), respiratory disease (ICD-10 codes J01-99) and cancer
(ICD-10 codes C01-99) between January 1, 2004 and December
31, 2008 were identified.

2.5 | Statistical methods

The differences in mean age, duration of diagnosed diabetes, HbA1c and
BMI by the number of care processes recorded as undertaken were
tested using analysis of variance (ANOVA), with Levene’s test to identify
differences in variance. Differences in the proportion of people recorded
as receiving care processes for categorical variables (sex, social depriva-
tion, ethnicity, smoking habit) were tested using the chi-squared statistic.
Crude mortality rates and mortality rates per 1000 person-years, stan-
dardized for age and sex to the European Standard population, were cal-
culated with 95% confidence intervals (Cls) using Byar’s method.*®

Cox proportional hazard models were created to assess the asso-
ciations between the number of recorded care processes and mortal-
ity for people with type 1 and people with type 2 diabetes. A series of
models was created consisting of sequentially more covariates to
examine potential confounding factors.

Separate models, adjusting for all risk factors, were created for mortal-
ity from cardiovascular disease, cancer, respiratory disease, diabetes-specific
causes and renal failure for type 1 diabetes and type 2 diabetes separately.
Models adjusted for all risk factors and stratified by sex, age (less than
65 years old and 65 years and older), ethnic group, quintile of deprivation
and whether or not the individual had an acute hospital admission in the
year prior to the exposure period were constructed for all-cause mortality
in people with type 1 diabetes and in people with type 2 diabetes.

Two models (one for type 1 diabetes and one for type 2 diabetes)
adjusted for age, sex, ethnic group, deprivation and whether or not each
of the eight care processes had been completed were created to iden-
tify if the association with all-cause mortality varied by type of care pro-
cess. All variables were defined as categorical variables and included a
category for missing data. A sensitivity analysis was undertaken in
which everyone included in the 2009/2010 NDA and still alive on
January 1, 2011 to explore whether the survival bias introduced by
excluding deaths shortly after the exposure period altered the findings.

Statistical analysis was undertaken in SAS Enterprise Guide 7.1.

3 | RESULTS

A total of 179 105 people with type 1 diabetes and 1 397 790 with type
2 diabetes were followed up for a mean (SD) of 7.5 (1.4) and 7.0 (1.8) years,
respectively. Among those with type 1 diabetes, 80 635 (45.0%) had
received all eight care processes at least once between January 1, 2009
and March 31, 2010, 61 230 (34.2%) had received six or seven care
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processes, whilst 37 235 (20.8%) had received five or fewer care processes
in the same period. The corresponding figures for people with type 2 diabe-
tes were 878 605 (62.9%), 387 060 (27.6%) and 132125 (9.5%),

respectively.

31 |
received

Characteristics by number of care processes

Care process completion variation showed little relation to depriva-
tion but was associated with age, ethnicity, HbAlc and smoking status
(Table 1). The mean age of those with type 1 diabetes recorded as
having received five or fewer care processes was 40.6 years com-
pared to mean ages of 46.3 and 51.0 years for those recorded as
receiving six or seven care processes and all eight recommended care
processes, respectively (P < 0.005). For those with type 2 diabetes,
the mean ages were 60.9, 63.5 and 65.0 years, respectively
(P < 0.005). A total of 97.6% of those with type 1 and 97.6% of those
with type 2 diabetes had a valid ethnic group recorded. Among
those with type 1 diabetes, 89.1% of those recorded as receiving five
or fewer care processes and 87.9% recorded as receiving all eight care
processes were from White ethnic groups (P < 0.005); the
corresponding proportions in those with type 2 diabetes were 73.3%
and 80.8% (P < 0.005). The latest mean HbAlc recorded between
January 1, 2009 and March 31, 2010 was higher in those recorded as
receiving fewer care processes: in people with type 1 diabetes, it was
72 mmol/mol (8.7%) for five or fewer, 70.3 mmol/mol (8.6%) for six or
seven compared to 68 mmol/mol (8.4%) for eight care processes
(P < 0.005), and in those with type 2 diabetes, it was 62 mmol/mol
(7.8%) for five or fewer, 58.4 mmol/mol (7.5%) for six or seven and
57 mmol/mol (7.4%) for eight care processes (P < 0.005). Smoking
prevalence recorded between January 1, 2009 and March 31, 2010
was higher among those receiving fewer care processes: 32.9% for
five or fewer versus 19.9% for eight care processes in type 1 diabetes
(P < 0.005) and 26.8% versus 13.7% in type 2 diabetes (P < 0.005).

A breakdown of the individual care processes received is pro-
vided in Tables S1 and S2.

3.2 |
received

Mortality by number of care processes

Over the period January 1, 2012 to December 31, 2019 there were
26 915 deaths over 1431 940 person-years of follow-up in people
with type 1 diabetes and 388 093 deaths over 9 853 914 person-years
of follow-up in those with type 2 diabetes. The all-cause age- and sex-
standardized mortality rate for people with type 1 diabetes with five or
fewer care processes was 33.5 per 1000 person years (95% Cl 32.3-
34.8), compared to 34.4 (95% Cl 33.5-35.9) for those with six or seven
care processes recorded and 30.7 (95% Cl 29.6-31.8) for those with
eight care processes recorded. The corresponding figures for people
with type 2 diabetes were 30.8 (95% ClI 30.4-31.1), 27.5 (95% ClI
27.2-27.7) and 25.2 (95% Cl 25.0-25.4; Table 2).

After adjustment for age, sex, ethnicity and deprivation, five or
fewer processes recorded and having six or seven care processes
recorded during the period January 1, 2009 to March 31, 2010 was
inversely associated with higher all-cause mortality (hazard ratio
[HR] compared to eight care processes recorded 1.17 [95% ClI
1.14-1.20] for six or seven, 1.35 [95% Cl 1.29-1.41] for five or fewer
in type 1 diabetes and 1.15 [95% Cl 1.14-1.16] for six or seven, 1.36
[95% Cl 1.34-1.38] for five or fewer in type 2 diabetes). Further
adjustment to include smoking habit, HbAlc, systolic blood pressure,
serum cholesterol, BMI and duration of diagnosed diabetes increased
the HR for all-cause mortality associated with having five or fewer
care processes to 1.38 (95% Cl 1.29-1.47) for type 1 diabetes, and
decreased it to 1.33 (95% Cl 1.30-1.35) for type 2 diabetes. Adding in
eGFR and prior hospital admissions for myocardial infarction, stroke,
heart failure, respiratory disease and cancer slightly attenuated these
HRs (Table 3).

After adjustment for all covariates, the gradient of the inverse
association of mortality in people with type 2 diabetes with number
of recorded care processes was lower for cancer deaths (Table 3). In
contrast, the gradient for respiratory disease deaths was higher: HRs
of 1.45 (95% Cl 1.19-1.76) in type 1 diabetes and 1.41 (95% ClI
1.33-1.49) in type 2 diabetes for those with five or fewer care pro-
cesses compared to those with eight care processes recorded.

Among people with type 2 diabetes the inverse association
between recorded care processes completion was steeper in women
than men (HR for five or fewer compared to eight care processes 1.36
[95% Cl 1.32-1.40] for women compared to 1.29 [95% Cl 1.25-1.33]
for men; Figure 1B). The HRs for death associated with different num-
bers of recorded care processes were similar in people aged under or
over 65 years in both type 1 diabetes and type 2 diabetes (Figure 1A,B).

In people with type 2 diabetes the HRs for death associated with
the number of recorded care processes were similar in White and
Black ethnic groups but significantly lower in South Asian ethnic
groups (Figure 1). In people with type 1 diabetes, the Cls were much
broader and no differences between ethnic groups were identified. In
both type 1 diabetes and type 2 diabetes the HRs associated with
numbers of recorded care processes were similar across all depriva-
tion quintiles (Table S3). For people who had one or more acute hospi-
tal admission in the year prior to the exposure period the all-cause
mortality HR associated with receiving fewer than five care processes
was lower than for those who did not have an acute hospital admis-
sion (1.29 [95% Cl 1.14-1.45] compared to 1.36 [95% Cl 1.26-1.47] in
type 1 diabetes and 1.27 [95% CI 1.21-1.32] compared to 1.32 [95%
Cl 1.29-1.35] in type 2 diabetes).

3.3 | Individual care processes

Associations adjusted for age, sex, ethnicity and deprivation were
investigated according to individual care process (Table S4). Not hav-
ing BMI measured was associated with the greatest HR for all-cause
mortality (1.36 [95% Cl 1.30-1.43] for type 1 diabetes and 1.40 [95%
Cl 1.38-1.42] for type 2 diabetes), followed by not having a
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TABLE 3 Hazard ratios for mortality associated with the number of care processes recorded between January 1, 2009 and March 31, 2010
for people with type 1 diabetes and type 2 diabetes, all-cause mortality with different adjustments and cause-specific mortality

Cause of death Care processes received
All causes® <5
6or7
All 8
All causes® <5
6or7
All 8
All causes® <5
6or7
All 8
Cardiovascular disease® <5
6or7
All 8
Cancer® <5
6or7
All 8
Respiratory disease® <5
6or7
All 8
Diabetes-specific causes® <5
6or7
All 8
Renal failure® <5
6or7
All 8

2Adjusted for age, sex, ethnicity, deprivation, smoking.

Type 1 diabetes HR (95% Cl)

1.35(1.29-1.41)
1.17 (1.14-1.2)
1.00
1.38(1.29-1.47)
1.12 (1.09-1.16)
1.00
1.37(1.28-1.4¢)
1.11(1.08-1.14)
1.00
1.32(1.18-1.48)
1.06 (1.01-1.11)
1.00
1.23(1.04-1.4¢)
1.03(0.95-1.1)
1.00
1.45(1.19-1.76)
1.19 (1.1-1.3)
1.00

1.16 (0.98-1.36)
1.15 (1.06-1.24)
1.00

1.52 (0.66-3.51)
1.24(0.81-1.89)
1.00

Type 2 diabetes HR (95% ClI)

1.36 (1.34-1.38)
1.15(1.14-1.16)
1.00
1.33(1.3-1.35)
1.1 (1.09-1.11)
1.00
1.32(1.3-1.35)
1.1 (1.09-1.11)
1.00

1.28 (1.24-1.33)
1.09 (1.07-1.1)
1.00

1.06 (1.01-1.12)
1(0.98-1.02)
1.00
1.41(1.33-1.49)
1.14(1.12-1.17)
1.00

1.37 (1.26-1.49)
1.18(1.14-1.22)
1.00

1.27 (0.98-1.66)
1.13(1.01-1.25)
1.00

bAdjusted for age, sex, ethnicity, deprivation, smoking, glycated haemoglobin (HbA1c), systolic blood pressure, cholesterol, body mass index (BMI), duration

of diagnosis.

“Adjusted for age, sex, ethnicity, deprivation, smoking, HbA1c, systolic blood pressure, cholesterol, BMI, durations of diagnosis, estimated glomerular
filtration rate, prior hospital admission for myocardial infarction, stroke, heart failure, respiratory disease and cancer.

Abbreviation: Cl, confidence interval; HR, hazard ratio.

cholesterol measurement (1.21 [95% Cl 1.14-1.28] for type 1 diabetes
and 1.22 [95% Cl 1.20-1.25] for type 2 diabetes). By contrast, for both
type 1 diabetes and type 2 diabetes no record of blood pressure (0.64
[95% Cl 0.60-0.69]; 0.67 [95% CI 0.65-0.68]), smoking status (0.86
[95% Cl 0.83-0.89]; 0.91 [95% CI 0.90-0.92]) or serum creatinine
(0.66 [95% Cl 0.62-0.71]; 0.82 [95% CI 0.80-0.84]) were associated
with lower mortality hazards. Not having an HbAlc measurement
recorded was associated with higher all-cause mortality in type 1 dia-
betes (HR 1.24 [95% Cl 1.16-1.33]) but with lower mortality in type
2 diabetes (HR 0.91 [95% Cl 0.89-0.93]).

4 | DISCUSSION

This large national population-based cohort of people with type 1 dia-
betes and type 2 diabetes followed up for means of 7.6 and 6.9 years,

respectively, following 15 months of routine care, finds that having

five or fewer recorded care processes during that baseline period was
associated with subsequent 7-year hazards of all-cause mortality
approximately one-third higher compared to having all eight care pro-
cesses after accounting for demographic characteristics. This higher
mortality persists after adjustment for clinical factors known to affect
the risk of diabetes-related complications (HbA1lc, systolic blood pres-
sure, serum cholesterol, BMI, smoking habit), and cardiovascular and
renal comorbidities were taken into account.

The associations were similar between people with type 1 dia-
betes and type 2 diabetes, at all ages and across socioeconomic
groups. In England and Wales most people with type 1 diabetes
have specialist-led care while, for type 2 diabetes, most people are
managed in a primary care setting.1* Accordingly, the association
between the number of recorded care processes and mortality was
independent of the type of care setting. During periods of acute ill-
ness or palliative care the medium- to long-term management of

diabetes-associated risk may not have clinical priority.
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FIGURE 1 A, Forest plot of the hazard ratio (HR) for all-cause mortality associated with number of care processes recorded between January
1, 2009 and March 31, 2010, stratified by sex, age and ethnicity for people with type 1 diabetes. B, Forest plot of HR for all-cause mortality
associated with number of care processes recorded between January 1, 2009 and March 31, 2010 stratified by sex, age and ethnicity for people

with type 2 diabetes
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Nonetheless, the association of higher mortality persists in people
who had one or more acute hospital admission in the year prior to
the assessment of care processes, although the HRs for this group
are lower than for those without an acute hospital admission, per-
haps reflecting a partial de-prioritization of routine diabetes care
at times of acute illness. This finding, combined with the exclusion
from the analysis of people who died in the 3-year period after the
care processes were assessed, suggest that the association with
higher mortality in those not receiving all eight care processes is
not solely due to care processes being suspended for clinical rea-
sons. Furthermore, a sensitivity analysis including all people
included in the 2009/2010 NDA and still alive on January 1, 2011
did not significantly alter the fully adjusted results of this analysis
(Table Sé6).

For those with type 2 diabetes, but not type 1 diabetes, there
were differences by ethnicity in the association between fewer care
processes recorded and higher mortality. Among people with type
2 diabetes, the HR of death from all causes amongst those receiving
five or fewer annual care processes was 1.29 (95% Cl 1.26-1.32) for
White ethnicity, 1.13 (95% ClI 1.03-1.23) for South Asian ethnicity
and 1.34 (95% Cl 1.19-1.52) for Black ethnicity. The lower HR in peo-
ple of South Asian ethnicity may link to their higher risks of develop-
ing type 2 diabetes, but lower subsequent mortality. A study using the
clinical practice research datalink cohort reported that the additional
risk of dying attributable to diagnosed diabetes was lower in people
from South Asian ethnic groups than in those from White ethnic
groups,’® despite a greater diagnosed incidence of cardiovascular dis-
ease.’®'” Thus, the smaller additional diabetes-related mortality risk
experienced by people from South Asian ethnic groups compared to
White ethnic groups may narrow the additional mortality associated
with not receiving care processes. Equally, other factors such as
health-related behaviours, health beliefs and cultural differences may
influence attitudes to healthcare, in particular routine and preventa-
tive care, and thereby play a role in explaining this difference.

No previous study has investigated whether the number of
recorded care processes is associated with future outcomes in people
with diabetes. Nonattendance at clinics and noncompletion of care
processes clearly overlap. A recent comprehensive review of the liter-
ature on nonattendance at diabetes outpatient appointments*® found
relationships to both logistical and psychosocial factors. It also
found associations with nonattendance at diabetes clinics that were
similar to those recognized in other medical specialties, such as young
age, social deprivation and smoking. Very few studies of non-
attendance at diabetes clinics have investigated subsequent out-
comes.’” Those that did mostly found associations between
infrequent attendance and higher levels of glucose, BMI, blood pres-
sure and lipids, a few studies documented higher emergency hospital
use and diabetes-related complications, and just one study, using a
composite measure of nonattendance and treatment noncompliance,
found higher mortality in people with type 1 diabetes.'?

As compared to the collective results, analysis of the associations
between mortality and noncompletion of individual care processes

showed variation from higher risk (eg, BMI, cholesterol and foot

examinations) to lower risk (eg, blood pressure, smoking enquiry,
serum creatinine). Only one individual care process association with
mortality differed between type 1 diabetes and type 2 diabetes. Non-
completion of HbA1c measurement was associated with higher risk in
type 1 diabetes but not in type 2 diabetes, perhaps reflecting the
greater severity and dominance of hyperglycaemia as a risk factor for
complications in type 1 diabetes.

It should be noted that the adjustment of these associations was
restricted to age, sex, deprivation and ethnicity as missing data on the
risk factors uncovered by the individual care processes hinder more
comprehensive adjustments. This means it is plausible that residual
confounding and differing risk factor profiles explain these associa-
tions. In addition, when carrying out the care processes, previous
measurements may influence clinical prioritization, with greater effort
being expended on reaching those at previously identified higher risk.
It is possible that the proportion of care processes completed is
strongly influenced by logistic issues that result in missed appoint-
ments, whereas omission of individual items such as weight and sur-
veillance for early complications, may be influenced also by
psychosocial factors. Additionally, it may be that some factors
recorded as satisfactory and stable at recent visits (eg, HbAlc in peo-
ple with type 2 diabetes, or blood pressure and kidney function in
younger people), are not always repeated, and that a smoking status
enquiry may be omitted in long-term nonsmokers, although the pri-
mary care pay-for-performance system (Quality and Outcomes
Framework) is designed to mitigate against this. Qualitative studies
have shown the therapeutic relationship between patient and
healthcare professional to be an important determinant of atten-
dance®® but the NDA cannot capture this aspect of care.

The present analysis identifies an association between low num-
bers of annual care processes completed and subsequent 7-year mor-
tality. Therefore, it identifies a group of people who have a higher risk
of mortality. But observational analyses cannot establish cause and
effect and we cannot exclude residual confounding. One can only
speculate on what any mechanism might be. The prominence of respi-
ratory disease among those who died after low rates of care process
completion raises one possibility. Respiratory deaths in younger peo-
ple are predominantly due to pneumonia, for which diabetes is a
known risk factor.?° In our analysis, we tried to account for known
pneumonia risks such as smoking, which was more common in the
low care process group, and elevated BMI, but we were not able to
include other known factors such as high alcohol intake, poor diet and
low physical activity. Conceivably, these unmeasured risks triangulate
with the likelihood of missing care processes. Alternatively, individuals
more engaged with self-care and lower risk lifestyles may attend
clinics more often and be keener to complete all the care processes.
Equally, the findings may be due to reverse causality, whereby people
with multimorbidities, particularly mental illness, will be less likely to
engage with routine follow-up and self-management.

Strengths of the present study include the size of the cohort
included in the analysis, covering 76% of practices in England and
Wales, the fact that it is drawn from a comprehensive selection of
real-world population-based healthcare records, and the length of the



HOLMAN ET AL.

WILEY_LZ%

follow-up. An important limitation is that neither medication data nor
influenza and pneumonia immunizations were available for this analy-
sis, and these could have shed some light on healthcare interactions.
The nature of this analysis means that if people have not received a
specific care process the risk factor data arising from that process are
missing. In this analysis all variables included in the Cox proportional
hazard regression models are treated as categorical variables and have
a category for “missing” data. Whilst this does not completely eradi-
cate residual confounding due to missing data, it is much reduced. It is
not possible to distinguish the separate or joint contributions of iner-
tia from patients or healthcare professionals to undertaking of care
processes and therefore the recording of risk factors. To better under-
stand the nature of the associations between the receipt of care pro-
cesses and disease outcomes and the roles of associations between
health beliefs, health behaviours and interactions with healthcare pro-
viders requires further qualitative and quantitative work in people
with diabetes and their care providers. In addition, the identification
of care processes received is limited to a single 15-month period. Vari-
ation in interactions with healthcare, and organizational changes to
the health service over the follow-up period may have influenced
mortality. Data on prescriptions for glucose-lowering drugs were not
available for the time period of this analysis. This means that it is
not possible to identify whether the associations found in people with
type 2 diabetes vary by treatment regimen.

In summary, even when many possible contributory risks for
death are taken into account, people with diabetes have a higher mor-
tality risk if their records of routine care indicate several missing
annual care processes. Although further evidence is needed on
whether efforts to specifically engage this group would yield worth-
while health benefits, health economies should consider how to mini-
mize barriers to receiving the recommended care processes. These
observations may be particularly pertinent in contemporary healthcare
provision as professionals consider how to organize routine diabetes
reviews in the face of the backlog attributable to the direct and indi-
rect effects of COVID-19. It would be all too easy to overlook this
high-risk group.
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