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ABSTRACT

Introduction: Studies show that the COVID-19
pandemic disproportionately affected people
with diabetes and those from disadvantaged
backgrounds. During the first 6 months of the
UK lockdown,[ 6.6 M glycated haemoglobin

(HbA1c) tests were missed. We now report
variability in the recovery of HbA1c testing, and
its association with diabetes control and
demographic characteristics.
Methods: In a service evaluation, we examined
HbA1c testing across ten UK sites (representing
9.9% of England’s population) from January
2019 to December 2021. We compared monthly
requests from April 2020 to those in the equiva-
lent 2019 months. We examined effects of
(i) HbA1c level, (ii) between-practice variability,
and (iii) practice demographics.
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Results: In April 2020, monthly requests dropped
to 7.9–18.1% of 2019 volumes. By July 2020, test-
ing had recovered to 61.7–86.9% of 2019 levels.
During April–June 2020, we observed a 5.1-fold
variation in the reduction of HbA1c testing
between general practices (12.4–63.8% of 2019
levels).Therewasevidenceof limitedprioritization
of testing forpatientswithHbA1c[86 mmol/mol
duringApril–June2020 (4.6%of total testsvs. 2.6%
during 2019). Testing in areas with the highest
social disadvantage was lower during the first
lockdown (April–June 2020; trend test p\0.001)
and two subsequent periods (July–September and
October–December 2020; both p\0.001). By
February 2021, testing in the highest deprivation
group had a cumulative fall in testing of 34.9% of
2019 levels versus 24.6% in those in the lowest
group.
Conclusion: Our findings highlight that the
pandemic response had a major impact on dia-
betes monitoring and screening. Despite limited
test prioritization in the[86 mmol/mol group,
this failed to acknowledge that those in the
59–86 mmol/mol group require consistent
monitoring to achieve the best outcomes. Our
findings provide additional evidence that those
from poorer backgrounds were disproportion-
ately disadvantaged. Healthcare services should
redress this health inequality.

Keywords: Glycated haemoglobin; HbA1c;
Diabetes mellitus; Monitoring; Index of
multiple deprivation; Pandemic; COVID-19;
Recovery

Key Summary Points

Why carry out this study?

The COVID-19 pandemic
disproportionately affected people with
diabetes and those from disadvantaged
backgrounds

During the first months of the pandemic,
testing for glycated haemoglobin (HbA1c)
fell markedly as the response to the
pandemic disrupted healthcare services
globally

During key pandemic phases, we
examined (i) whether testing in those
with poorest control was prioritized
during the lockdowns, (ii) the variability
between general practices in testing
patterns, and (iii) links to practice
demographic characteristics, including
social deprivation status

What was learned from the study?

We showed that (i) there was limited
prioritization of HbA1c testing in those
with a HbA1c of[86 mmol/mol, (ii)
there was a fivefold variation in testing
between general practices during the early
part of the pandemic, and (iii) testing in
areas of highest social disadvantage
recovered more slowly than in those with
the least deprivation
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What were the study outcomes/conclusions?

There is significant variability in response
to and recovery from the UK lockdowns,
particularly with respect to diabetes
control and social disadvantage

Addressing health inequality represents a
major challenge, particularly during
resource-poor scenarios

INTRODUCTION

Over the past two and a half years, the global
response to the SARS-CoV-2 virus has disrupted
healthcare systems across the world [1, 2]. Ser-
vices for the diagnosis and management of
people with diabetes were similarly disrupted
[3–5]. Accordingly, routine blood testing, a
cornerstone of diabetes diagnosis and manage-
ment, was significantly affected, partly because
of the perceived risk phlebotomy posed in
facilitating transmission of the virus, but also
because of public concerns about attending for
tests [6, 7].

As reported by ourselves [8] and others [9],
the frequency of testing, for both diagnosis of
diabetes and its monitoring, was greatly
reduced in the spring and summer of 2020, with
significant implications for the health of people
with diabetes and also in relation to screening
for diabetes. Specifically, we described that
during the first 6 months of the UK COVID-19-
associated lockdown,[6.6 million HbA1c tests
were missed or delayed, including 1.41 million
missed or delayed in people with diabetes (0.51
million in those with sub-optimal control).

The implications of these missed tests for
people with diabetes are considerable. We pre-
viously showed a link between HbA1c testing
frequency and diabetes control expressed as
both change in HbA1c [10] and likelihood of
achieving target [11]. More recently, we repor-
ted that regularity of HbA1c testing, indepen-
dent of testing frequency, is associated with a
more favourable glycaemic outcome at all levels
of previous HbA1c up to 86 mmol/mol [12].
Thus, disruption of testing has a potential major

impact on future glycaemic control for many
individuals, as well as on the identification of
people with incident diabetes.

A key question is: to what extent did HbA1c
testing volume recover in the latter part of 2020
and through 2021, particularly following the
periods of most intense restrictions (referred to
as ‘lockdowns’)? Here, we look at the degree of
recovery of HbA1c testing across ten UK sites
following the two main UK lockdown periods.
In particular, we examined (i) whether testing
in those with poorest control was prioritized
during the lockdowns, (ii) the variability
between general practices in testing patterns,
and (iii) links to practice demographic charac-
teristics, including social deprivation status.

METHODS

Using information from Laboratory Informa-
tion and Management Systems, we extracted
data on all HbA1c requests received between 1
January 2019 and 31 December 2021 by ten UK
Clinical Biochemistry Departments: University
Hospitals of North Midlands NHS Trust
(UHNM); St Helens and Knowsley Teaching
Hospitals NHS Trust (STHK); Northern Care
Alliance NHS Foundation Trust—Salford Royal
Hospital (NCA-S); Northern Care Alliance NHS
Foundation Trust—Oldham Hospital (NCA-O);
Cambridge University Hospitals NHS Founda-
tion Trust (CUH); Warrington & Halton Hospi-
tals NHS Trust (WHH); Mid-Cheshire NHS
Foundation Trust (MCFT); Wirral University
Teaching Hospital NHS Foundation Trust
(WUTH); Countess of Chester Hospital NHS
Foundation Trust (COCH); and Liverpool Clin-
ical Laboratories (LCL) (5,576,685 tests in
2,815,765 patients). The sample included peo-
ple with both type 1 diabetes (T1DM) and type 2
diabetes (T2DM), as well as those where HbA1c
was used as a screening or diagnostic test.

These sites serve an estimated population of
6,095,068. Assuming the population of England
to be 61,573,400 (at December 2021; [13]), this
equates to 9.9% of the English population.

As this work represented an evaluation of the
respective clinical biochemistry services, ethical
committee approval was not required.
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Permission to access and use the information
from the Laboratory Information and Manage-
ment Systems was obtained from the relevant
laboratory leads at each of the sites. All extrac-
ted data were fully anonymized before process-
ing and analysis.

Practice-Level Data

Practice-level data (practice list size, age profile,
Index of Multiple Deprivation [IMD] score,
diabetes prevalence) were obtained from NHS
Digital [14]. Age was assessed as the proportion
of patients aged over 65 years. IMD score for
each general practice was derived according to a
report, The English Indices of Deprivation 2019
[15], based on the score allocated to the general
practice postcode area. All variables were cate-
gorized by decile cutoffs into ten ranked groups
of the distribution (henceforth referred to as
‘groups’) for the practices covered by the ten
sites.

HbA1c Test Trends Over Time

For each site, we examined the change in test
volume over the study period, expressed as a
percentage of the mean monthly volume for
2019. This was investigated in the context of
the different levels of restrictions in place in
England over the course of the study period
(vide infra) and the impact of the UK shortage
of blood collection tubes, including the EDTA-
containing tubes used for HbA1c analysis
(September–October 2021) [16].

Using these data, we also explored whether
people with higher HbA1c values were priori-
tized during key points within the pandemic.
To this end, we categorized patients into those
whose HbA1c prior to the pandemic start
was B 58 mmol/mol, 59–86 mmol/mol
or[86 mmol/mol, and examined the ratios of
the volumes of tests in these categories to total
test numbers over time.

Categorization of Pandemic-Associated
Restrictions

The impacts of the lockdowns and the recovery
of UK HbA1c testing following these periods
were assessed by evaluating testing levels during
key periods:

• Lock 1: first full UK lockdown (April–June
2020)

• Rec 1: phased easing of restrictions (‘recov-
ery’) following Lock 1 (July–September 2020)

• Tiers: partial reintroduction of restrictions
interspersed with partial lockdowns and the
use of the ‘tier’ system of region-specific
restrictions (October–December 2020)

• Lock 2: second full UK lockdown (Jan-
uary–February 2021)

• Rec 2: phased easing of restrictions following
Lock 2 (March–June 2021)

• R Lift: most restrictions lifted (July–August
2021 and November–December 2021).

We separately also considered the impact of
the blood tube shortage (BTS; Septem-
ber–October 2021).

Covid or blood tube shortage impact was
assessed as the deviation of testing volumes
compared with those observed during the
equivalent period in 2019. Similarly, the two
periods of pandemic recovery were assessed as
the extent to which testing returned to its pre-
pandemic (2019-equivalent) volumes.

Statistical Analysis

Analysis of the link between HbA1c test recov-
ery and deprivation score was performed by
(i) calculating the recovery score [(test volume
during recovery period)/(test volume during the
equivalent period in 2019)] and (ii) examining
the trend in mean recovery score across the
deprivation score groups using the Jonck-
heere–Terpstra nonparametric test for trends
[17]; in view of the number of comparisons
performed, statistical significance was set at p
B 0.01 (two-tailed) in order to control the type
1 error rate. A nonparametric test was used in
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view of the marked positive skew in some vari-
ables. Practices with\ 100 tests in either the
recovery periods or equivalent periods during
2019 were excluded from the analysis, as prac-
tices with very small testing volumes may
reflect changes in service configuration and
unduly affect the recovery scores. All statistical
analyses were performed using Stata (version
17; College Station, Texas).

RESULTS

Study Sample

The ten sites comprised a range of laboratory
sizes (ranging from those in small district gen-
eral hospitals to those in large university
teaching hospitals). These laboratories served
745 general practices (11.5% of the practices in
England), covering 433,069 people with dia-
betes (9.9% of the UK diabetes population). The
diabetes prevalence across the ten sites (7.11%)
was similar to that across England (7.14%). The
745 practices were spread across the IMD
groups; however, while groups 1–9 each con-
tained 7.1–12.1% of the practices, 23.1% of the
practices were in areas in the tenth IMD group
(highest social deprivation areas).

HbA1c Test Volume Trends Over Time

Figure 1(i) shows the monthly trends in HbA1c
testing volumes between January 2019 and
December 2021 across the ten sites as a per-
centage of the mean 2019 monthly volumes for
each site. This illustrates that monthly patterns
of testing were similar across the sites during
2019 and early 2020, followed by an
81.9–92.1% fall in April 2020 across all sites. By
July 2020, the sites had recovered to 61.7–86.9%
of the 2019 levels, though there was noticeably
more variation between sites from this point
onwards.

There was a second drop around January
2021, coinciding with the second lockdown,
and a third dip in October 2021 linked to the
national shortage of the required blood speci-
men tubes. While testing recovered in the

intervening periods, it did not achieve the
expected normal levels, which were predicted to
be around 108% in 2020 and 117% in 2021,
based on the general trend in increasing HbA1c
testing (8% p.a.) during the previous decade.

Prioritization of Testing

To assess whether people with high HbA1c
values were prioritized during lockdowns, we
examined test volumes in three cate-
gories: B 58 mmol/mol, 59–86 mmol/mol
or[86 mmol/mol. Figure 1(ii) shows test vol-
umes over time in each of these groups. This
showed that there was some evidence that
testing in those with HbA1c val-
ues[ 86 mmol/mol recovered more quickly
after the first lockdown than that in the other
two groups.

When expressed as a proportion of total
tests, there appeared to be some degree of pri-
oritization of testing those with HbA1c values
of[ 86 mmol/mol during the first UK lock-
down (Lock 1: April–June 2020) and, to a lesser
degree, during the second full lockdown (Lock
2: January–February 2021) (Fig. 2).

We also noted that there was significant
variability between sites in the prioritization in
relation to HbA1c, with some sites showing lit-
tle evidence of prioritization (UHNM) while
others showed more marked changes in practice
(LCL, WUTH, NCA-S, WHH) (data not shown).

Variability in the Initial Impact
of the Pandemic by General Practice

To assess the degree of variability in initial
impact of the pandemic between general prac-
tices, we examined the mean monthly test vol-
umes for the period April–June 2020 compared
to the same period in 2019 for each general
practice. Figure 3 shows the ski-slope plot of test
ratios in testing by general practice and
demonstrates that there was a 5.1-fold variation
in reduction in HbA1c testing between the sec-
ond and 98th percentiles across the 734 prac-
tices with at least 100 tests during April–June
2019 (from 12.4% to 63.8% of 2019 levels).
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Fig. 1 Change in HbA1c test volumes over time, expressed as a percentage of the mean monthly 2019 data; (i) by site, (ii)
by HbA1c level
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Factors Associated with Variability
in Recovery of HbA1c Testing

We examined readily-available practice-level
data on diabetes prevalence, list size and
patients’ ages, each categorized into ten groups
based on deciles, as described in the ‘‘Methods’’
section, to explore the factors linked to the
variability in recovery of HbA1c testing. Table 1
shows the results of the Jonckheere–Terpstra
non-parametric trend test, while supplemental
Fig. S1 shows line diagrams to illustrate the
direction and pattern of the associations. Prac-
tice list size did not show a significant associa-
tion with test volume during any of the
pandemic periods. Percentage aged over 65
demonstrated a significant association during
Rec 1 and Lock 2 (an inverse relationship in the
latter). We also observed an inverse association
between HbA1c test volumes and diabetes

prevalence during Tiers, and during the two
consecutive periods: Rec 2 and R Lift.

The most notable associations with HbA1c
test volumes were observed with IMD; increas-
ing deprivation score was significantly associ-
ated with lower testing volumes during each of
the three initial periods (Lock 1, Rec 1 and
Tiers), demonstrating a statistically significant
association of slower test recovery with greater
average social disadvantage at a general practice
level. This was also evident during the Rec 2 and
R Lift periods, though there was some evidence
of a recovery in those in the highest social dis-
advantage group (deprivation score group 10) in
the Rec 2 period (Fig. S1).

We did not identify any significant associa-
tions between HbA1c test volumes and any of
the practice parameters during the blood tube
shortage (BTS period).

Fig. 2 Change in HbA1c test volumes over time as a ratio
of total tests: (i) tests with HbA1c B 58 mmol/mol, (ii)
tests with HbA1c 59–86 mmol/mol, (iii) tests with

HbA1c[ 86 mmol/mol, expressed as a percentage of the
mean monthly test ratio for 2019. Note that the vertical
axis in chart (i) has a non-zero origin
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HbA1c Test Volume Trends Over Time
by Deprivation Score

To further examine the link between HbA1c
testing and deprivation score, we examined
month-by-month test volumes by IMD group in
those practices with at least 100 tests during
each of the 3 years of data collection. As before,
these were expressed as a percentage of the
mean monthly volume for each group for the
period January–December 2019.

Figure 4 shows that, overall, those areas with
the lowest deprivation (particularly those in
IMD groups 1–3) recovered more quickly during
the period April 2020–December 2020. Across
the whole pandemic period (April
2020–December 2021), those in areas with IMD
groups 5–10 appeared to recover the slowest
(Table S1).

We also examined the cumulative impact of
reduction in HbA1c testing by IMD group by
examining the cumulative deficit in HbA1c

testing compared with 2019 levels. Figure 5
shows that, by February 2021, testing fell by
24.6% in those practices in areas with the lowest
deprivation (IMD group 1) compared to 34.9%
in areas with the highest deprivation (IMD
group 10): an additional 10.3% cumulative loss
of testing. Other groups demonstrated an
intermediate cumulative impact. Data from the
remainder of 2021 showed that there was no
evidence of a ‘catch up’ in any of the groups,
except perhaps a small recovery in group 10 in
July–August 2021.

DISCUSSION

Our findings reinforce the fact that the UK
response to the COVID-19 pandemic continued
to have a major impact on diabetes manage-
ment at least until December 2021 in our cen-
tres, with some yet to return to pre-pandemic
levels of monitoring. This ongoing impact
appeared to be most significant in areas of

Fig. 3 Ski-slope plot showing the proportion of HbA1c
tests requested during April to June 2020 by each general
practice as a percentage of those requested during April to

June 2019. Data are presented, in descending order, for
those practices with at least 100 tests during the 2019
period (n = 734)
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greatest social disadvantage, thereby adding to
the increasing body of evidence showing that
those from poorer backgrounds continue to be
disproportionately disadvantaged in the con-
text of SARS-CoV-2. Given the importance of
regular testing in people with diabetes [12],
there is an onus on healthcare services to
address this inequality.

HbA1c Test Volume Trends Over Time

We showed that, across all ten centres, monthly
HbA1c requests dropped by 81.9–92.1% in April
2020 compared with the mean monthly 2019
request numbers. This replicates our previous
findings [8], those from the US (a reduction of
66% in HbA1c testing during the first 8 weeks of
the pandemic) [18], Israel (a reduction in HbA1c
of * 55% during April 2020 [19] and Spain (a
reduction of 52% during March–June 2020 in
people with a HbA1c of\ 48 mmol/mol) [20]. It
is also consistent with other UK findings by Carr
et al. [9], which showed a similar magnitude of
reduction in HbA1c testing in April 2020. Sim-
ilarly, they showed that testing rates return to
around 80–85% of pre-pandemic levels during
the period up to December 2020 (similar to the
73.8–87.6% from our data by December 2020),
while Palanca et al. [20] showed that testing in
Spain returned to normal levels during

July–September 2020. Our longer data collec-
tion period allowed us to detect a second dip in
testing during the UK’s second lockdown at the
beginning of 2021, though the impact on test-
ing at this point was less severe, suggesting that
some adaptation to facilitate ongoing testing
was occurring. This is in keeping with data from
Spain showing that testing fell less dramatically
during their second partial lockdown (Octo-
ber–December 2020; 85% of 2019 levels) [20].

From our data, during the post-lockdown 1
period (July 2020–December 2021), the degree
of recovery to pre-pandemic levels showed
greater variability between centres in relation to
volume of HbA1c testing than was the case at
the start of the COVID-19 pandemic. This vari-
ability was also reflected in the fivefold
between-practice variation in reduction in
HbA1c testing during the first lockdown
(April–June 2020). These findings are consistent
with variation between practices in laboratory
testing that we and others have previously
observed both in HbA1c testing and in other
areas where regular testing is required [21–23]. A
scoping review by Elwenspoek et al. highlighted
that unwarranted variation in test ordering
among general practices may lead to patient
harm and increased health care costs [24].
During the pandemic, consistent monitoring
would appear particularly important for people
with sub-optimally controlled diabetes, as they

Table 1 Associations between test volumes (relative to equivalent 2019 periods) and general practice characteristics, divided
by deciles into ten intervals

Period List size Percentage aged > 65 years Diabetes prevalence (%) IMD

Lock 1 0.058 0.605 0.379 < 0.001*

Rec 1 0.229 0.002 0.297 < 0.001*

Tiers 0.339 0.200 0.006* < 0.001*

Lock 2 0.969 0.004* 0.065 0.400

Rec 2 0.015 0.157 < 0.001* < 0.001*

R Lift 0.105 0.704 0.009* 0.002*

BTS 0.708 0.018 0.977 0.146

Data show probability values from a Jonckheere–Terpstra non-parametric test for trends. Significant associations (p B 0.01)
are shown in bold. All significant relationships are direct (i.e. test volume ratio increases as group number increases) unless
marked with an asterisk (which shows an inverse relationship; i.e. test volume ratio decreases as group number increases).
No. of observations for each analysis = 745, except for BTS (n = 724)
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had poorer outcomes in the event of SARS-CoV-
2 infection [25].

Blood Collection Tube Shortage

We observed a dip in testing during Septem-
ber–October 2021, which coincided with the
UK-specific effect of the global shortage of the
potassium-EDTA blood collection tubes. We
noted wide variability between sites in the
impact of this shortage. This may have reflected
the different manufacturers supplying tubes to
particular laboratories, as some suppliers were
disproportionately affected. The shortage led to
NHS England (and other equivalent bodies in
the UK devolved nations) issuing recommen-
dations on how to reduce tube usage [26]. This
included an emphasis on utilizing minimum
retest intervals for tests including HbA1c and, in
the case of diabetes routine reviews, to ‘Consider
postponing the blood test elements of the review if
the patient’s history suggests they are low risk of
harm in the next three months’ [27].

Prioritization of Testing

Our data suggest some prioritization of testing
in people with HbA1c values of[86 mmol/mol
during the first UK lockdown (at the expense of
those with values of\ 59 mmol/mol), but less
so during subsequent restrictions, including the
second major lockdown during winter
2020–2021. The degree and timing of prioriti-
zation during lockdown 1 appeared to vary
between sites, suggesting that prioritization
protocols, if used, were variably implemented.

Given the worldwide disruption of health-
care services during the pandemic, including
those for diabetes [3–7], prioritization of ser-
vices during the initial stages of the pandemic
became a necessary adaptation. Seidu et al.
conducted a survey of 975 healthcare profes-
sionals in primary care and noted that most
(63.9%) had altered their approach to choosing
which people to recall for a diabetes annual
review [28]. Of these, 82.4% said that they
implemented some form of clinical risk priori-
tization. Of those who did not implementation

Fig. 4 Change in HbA1c test volumes over time, expressed as a percentage of mean monthly 2019 data, by IMD group.
IMD group 1 represents the category with the lowest social disadvantage. IMD groups 1 and 10 are shown by thicker lines
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prioritization protocols, around two-thirds said
they were able to provide a full service, while
15% said that they did not have the capacity to
implement a prioritization protocol. During the
early stages of the pandemic, the Primary Care
Diabetes Society and the Association of British
Clinical Diabetologists published a guide for the
prioritization of diabetes services during the
pandemic using a traffic light (red/amber/green)
system [29, 30]. They classified those with a
HbA1c level of[86 mmol/mol or those with
no HbA1c for[ 24 months as red and therefore
warranted being seen within 3 months. Those
with HbA1c values of 59–86 mmol/mol or no
result for 18–24 months were classified as amber
and recommended to be seen within 6 months.
They recognized the importance of HbA1c and
suggested that initial prioritization by HbA1c
was a good starting point.

This prioritization strategy, along with the
blood tube shortage recommendations, may be
appropriate in some cases, and we would agree
that those with a HbA1c in the[86 mmol/mol
category require closer monitoring. However,

perhaps counter-intuitively, we have shown
that it is the 59–86 mmol/mol group that is
most likely to benefit from more consistent
HbA1c testing in terms of subsequent lowering
of HbA1c [12].

HbA1c Testing and Practice
Characteristics

Our data demonstrated that HbA1c testing
during the pandemic was linked to practice-
level characteristics; particularly the proportion
aged over 65 years, diabetes prevalence and
social disadvantage. The association with age
over 65 years during the Rec 1 period may
reflect a surge in attendance for tests following
the first UK lockdown (during which testing was
most severely affected), perhaps reflecting the
importance of testing in the older, generally
more vulnerable age groups in which diabetes
control would be particularly important, given
the link between diabetes and poorer covid-as-
sociated clinical outcomes [25, 31]. There was

Fig. 5 Cumulative percentage change in HbA1c test
volumes for IMD groups 1 to 10 relative to their respective
mean monthly figures for 2019. Values for IMD groups 1
and 10 at February 2021 and December 2021 are labelled.

IMD group 1 represents the category with the lowest social
disadvantage. IMD groups 1 and 10 are shown by thicker
lines
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also an association between age and HbA1c
testing during the second lockdown (Lock 2),
though in this case it appeared that those
practices with a lower proportion aged over
65 years performed more testing than other
groups. This may indicate that there was a
greater reluctance to attend for testing in the
older age groups during this period when case
numbers were higher. Palanca et al. observed
that HbA1c testing decreased more markedly in
the[65-year-old age group during their initial
lockdown, but not during subsequent periods
[20].

Compared with the pattern seen with age,
the significant associations between HbA1c
testing and diabetes prevalence across the pan-
demic phases appeared to be more consistent
and cover a number of consecutive periods. We
observed similar inverse associations across a
number of the pandemic phases where restric-
tions were less severe (Tiers, Rec 2 and R Lift),
with recovery being slower in areas with higher
diabetes prevalence. This may reflect concerns
about covid-associated risks for diabetes
patients [25, 31], and perhaps a focus on those
at highest risk in these areas, in line with guid-
ance on prioritization from professional bodies
[29, 30].

HbA1c Testing and Social Disadvantage

We have shown that general practices serving
areas with the highest levels of deprivation
appeared to recover from the initial pandemic-
linked reduction in HbA1c testing more slowly
than those with the lowest levels of deprivation.
While there appeared to be evidence of a lim-
ited recovery of testing in the second half of
2021 for those in the highest deprivation group,
over the duration of the study period, test vol-
umes in the least deprived areas recovered bet-
ter than those in IMD groups 5–9. Our data on
cumulative deficit in HbA1c testing showed
that, by December 2021, there was no evidence
of additional testing to make up for those tests
lost during the preceding 21 months. If our data
are reflected nationally, many thousands of
patients missed important and sometimes

essential diabetes tests, with inevitable conse-
quences for health outcomes [8, 10–12].

It is now well established that those people
in society who are at greatest social disadvan-
tage are more likely to succumb to the adverse
effects of a COVID-19 infection in relation to
complications, hospital admission and mortal-
ity [32, 33], with ethnic differences accounted
for at least in part by differences in socio-de-
mographic situation. Furthermore, it has been
known for decades that people in the higher
social deprivation groups, with or without dia-
betes, have a higher standardized mortality rate
[34, 35] and poorer clinical outcomes [36–38]. If
replicated across the UK, our findings that those
in the highest social deprivation groups were
disproportionality affected by the failure of
HbA1c monitoring during the pandemic would
highlight the urgent need for improvements in
health inequalities across the UK. Furthermore,
the design of future research studies needs to
address the importance of social determinants
of health in people with diabetes [39].

Implications

While we have not looked at health outcomes
here, it is well established that less regular fre-
quent testing of HbA1c is associated with a rise
in HbA1c over time [10, 11], and that a higher
HbA1c is associated with greater microvascular
and macrovascular complication rates and a
higher mortality date in both T1DM [40] and
T2DM [41]. Thus, any change in the frequency
of HbA1c testing may result in more (in both
number and severity) adverse health outcomes
in our centres in subsequent years. In this con-
text, the findings of Valabhji et al., which sup-
port the view that the reduction in diabetes care
service provision was linked to increased rates of
non-COVID-related mortality in people with
diabetes [42], illustrate the vital importance of
continuing engagement between healthcare
services and people with diabetes, which not
only raises their pre-COVID-19-associated risk
but increases the probability of poor outcomes
in the event of SARS-CoV-2 infection [25, 31].
This is particularly true for those experiencing
social disadvantage.
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The fact that, even by the period
May–December 2021, HbA1c monitoring had
not recovered to pre-pandemic levels has not, as
far as we are aware, been reported elsewhere.
The reasons for this are complex and likely
include factors such as (i) delays in returning to
the annual review timetable [28], (ii) suspension
of the Quality Outcome Framework (QOF) [43]
payment scheme (which incentivizes general
practices to bring diabetes patients in annually
for routine tests), and (iii) reticence on the part
of individuals with diabetes to attend their
general practices for routine investigations.

Strengths and Limitations

We were able to access all HbA1c test data from
ten large biochemistry laboratories covering a
total population base of 6.1 million people
(9.9% of the population of England). This large
cohort comprised a range of geographical and
demographic areas and was broadly represen-
tative of the UK as a whole in terms of diabetes
prevalence and spread of IMD score. Further-
more, the use of laboratory data allowed the
assessment of longitudinal HbA1c testing from
both primary and secondary care.

We acknowledge that the use of laboratory
data has its disadvantages. For example, we were
not able to extract clinical data, such as type of
diabetes or medications used.

We also recognize that HbA1c alone is not
the only marker of glucose dysregulation—
blood glucose measurement is also important in
this regard, and routine laboratory databases do
not include home glucose monitoring data.
Hence, our figures may underestimate the
magnitude of the impact of the pandemic on
diabetes detection and perhaps overestimate the
impact on monitoring in our centres. However,
HbA1c is the better measure of long-term dia-
betes control, and testing rates have been
shown to be linked to clinical outcomes
[10–12].

We used a measure of deprivation at general
practice level as data at a more granular level
(e.g. based on patient postcode) was not avail-
able. We accept that IMD based on general
practice is a relatively crude measure of social

disadvantage. However, given the limited
spread of social disadvantage in many general
practice lists, we felt that it was a reasonable
measure to apply.

CONCLUSION

The limited prioritization of testing of those
with poorer diabetes control during the first UK
lockdown indicates that there is a need for
improved targeting of support during resource-
poor scenarios. This needs to be nationally dri-
ven to reduce the observed practice-level vari-
ability and enhance the robustness of the
system.

Our findings also reinforce that the COVID-
19 pandemic continues to have a major impact
on diabetes management, with some centres
having yet to return to pre-pandemic levels by
the end of 2021. This continuing impact of
pandemic measures on HbA1c testing appears
most significant in areas of greatest social
deprivation, thereby adding to the increasing
body of evidence showing that those from
poorer backgrounds continue to be dispropor-
tionately disadvantaged in the context of SARS-
CoV-2 and its consequences. There is therefore a
responsibility on healthcare services to imple-
ment urgent measures to redress this imbalance.

Although this service evaluation focuses just
on the participating centres, we hope that it has
highlighted the continuing impact of the
COVID-19 pandemic on the day-to-day man-
agement of those people with diabetes, partic-
ularly those in a more socially disadvantaged
situation, and that this information may be of
relevance to other clinical centres in the UK.
This will have consequences for their future
health that need to be taken account of by
health service planners and by government in
the coming months and years.
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