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ABSTRACT

Introduction: To determine the association
between mean glycated haemoglobin (HbA1c)
or glycaemic variability and the development of
diabetic retinopathy (DR) in people with
diabetes.
Methods: An observational cohort study with
people registered with a DR eye screening ser-
vice between October 2012 and October 2017.
Those who had no DR at the start of the study
were followed for a maximum of 5 years. HbA1c

measures were used to calculate HbA1c vari-
ability and mean HbA1c to assess any

relationship between these and the risk of
developing new onset DR.
Results: A total of 2511 individuals were fol-
lowed up for up to 5 years. Of these, 542
(21.6%) developed DR. After adjustment, HbA1c

variability was not significantly associated with
the development of DR (p = 0.3435). However,
the mean HbA1c was (p\0.0001). Those with
type 1 diabetes had an odds of 1.63 (95% CI
1.11–2.40) of a retinopathy diagnosis compared
to those with type 2 diabetes.
Conclusions: We have shown that mean HbA1c

is associated with an increased risk of developing
diabetic retinopathy. However, after adjustment
for sex, age, diabetes type and the mean, the
HbA1c variability no longer remained significant.
Our data suggest that optimizing long-term gly-
caemic control remains paramount.

PLAIN LANGUAGE SUMMARY

It has been known for a long time that if an
individual’s diabetes is not aswell controlled as it
could be, then they are at increased risk of
developing complications over many years.
These complications include diabetes-related eye
disease (retinopathy). Formany years, the way of
measuring how well someone’s diabetes was
controlled was by measuring glycated hae-
moglobin (HbA1c) which looked at how much
glucose was attached to a red cell. This study
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looked atwhether variation inHbA1c over 5 years
of follow-up was associated with greater risk of
developing retinopathy, and if this relationship
was stronger than just measuring HbA1c alone.
Previous work has shown that people with
greater variation in HbA1c are at increased risk of
poor wound healing in those with diabetes-re-
lated foot ulcers. The present study looked at
2511 people who had no diabetes-related eye
disease at the start of the study andwhohad been
followed for 5 years. We found that variability in
HbA1c was not associated with an increased risk
of developing diabetes-related eye disease, but
confirmed that the average HbA1c had the
strongest relationship. Our data confirm that the
focus of preventing diabetes-related eye disease
should be on lowering HbA1c.

Keywords: Diabetic retinopathy; Glycaemic
variability; HbA1c; Risk

Key Summary Points

Why carry out this study?

Glycaemic variability as measured by visit-
to-visit changes in glycated haemoglobin
(HbA1c) is becoming an increasingly
important risk factor in the development
in microvascular and macrovascular
complications of diabetes.

We have used a large single-centre
database of people with diabetes having
annual diabetic retinopathy screening
followed over 5 years.

What was learned from the study?

We show that those who have no diabetic
retinopathy at the start but who develop it
over time have greater HbA1c variability
than those who do not, but after
adjustment, this variability is not a
significant risk. However mean HbA1c has
the strongest relationship to risk of
development of retinopathy.

These data suggest that focus should be on
lowering mean HbA1c.

INTRODUCTION

Diabetic retinopathy (DR) is the most common
microvascular complication of diabetes and is
one of the leading causes of preventable blind-
ness in the developed world among working-
aged people [1, 2]. Depending on the part of the
world, DR has an annual incidence of between
2.2% and 12.7% [3]. Blindness due to DR is
estimated to account for just over 1 in 40 of all
case of visual loss globally, and just under 1 in
50 cases of moderate or severe visual impair-
ment [4]. The presence of DR is also an early
maker for premature cardiovascular mortality
[5]. Therefore, early identification of those
people at highest risk of developing DR is an
important part of enabling appropriate multiple
risk factor intervention with the aim of reduc-
ing the incidence rates of end organ damage.
Glycated haemoglobin (HbA1c) concentrations
are currently used to monitor glycaemic con-
trol, and the association between elevated
HbA1c measurements and the onset and pro-
gression of DR, as well as other microvascular
and macrovascular complications, is widely
recognised [6–9]. However, there remains a
need to see if there are further predictors of risk
in people with diabetes.

Recently, long-term glycaemic variability—
the visit-to-visit variation in HbA1c measure-
ments—has been proposed as a novel and
alternative measure of glycaemic control [10].
HbA1c variation between visits can differ greatly
even among individuals with similar mean
HbA1c values. Glycaemic variability can be
measured using several different methods
[11–13]. Several studies have suggested an
association between glycaemic variability and
the development of diabetes complications,
with a greater variability contributing to a
greater risk [14–18]. Furthermore other data
show that high glycaemic variability is associ-
ated with an increased risk of major adverse
cardiovascular events and all-cause mortality
[19, 20]. However, to our knowledge only a few
studies have investigated the relationship
between HbA1c variability and DR in people
with diabetes [21–27]. Many of these were rela-
tively small studies with conflicting results. As
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such the data on HbA1c variability and the risk
of developing DR remains inconclusive.

The aim of this study was to determine
whether glycaemic variability (as measured by
visit-to-visit variation in HbA1c) was associated
with the development of new-onset DR in
individuals undergoing routine DR screening
surveillance.

METHODS

Study Design, Setting and Patients

The project was registered with the audit
department at our institution who deemed that
ethical approval was not required because of the
anonymised, retrospective nature of the data
collection. This observational cohort study was
conducted using data collected from our pri-
mary and secondary care records. The study
population consisted of people registered with
the DR eye screening service between October
2012 and October 2017. This covers the catch-
ment population of our hospitals as well as
those attending the specialist diabetes clinic,
who have their eyes screened annually as part of
their ‘annual review’. Eligible individuals were
identified through the DR screening software,
OptoMize� (EMIS Health, Leeds, UK). To be
included in the ‘case’ group, subjects had to
have no diagnosis of DR at baseline but have a
documented diagnosis of DR by the end of the
data collection period. The DR diagnosis could
be of any stage and with or without the pres-
ence of maculopathy. To be included in the
‘control’ group, subjects had to have no diag-
nosis of DR at baseline, or at the end of the
5-year follow-up period. The diagnostic criteria
for DR were those from the England and Wales
National Screening Programme [28].

Additional inclusion criteria included a doc-
umented diagnosis of any type of diabetes
mellitus, aetiology or treatment. The rationale
for this was because whilst the majority of
identified subjects would have their diabetes
type recorded correctly, from previous experi-
ence we are aware that many people—including
hospital inpatients (particularly those with
type 2 diabetes on insulin)—may be incorrectly

coded as having type 1 diabetes [29]. People
were excluded if they had a pre-existing diag-
nosis of DR at baseline, or if they had fewer than
three available HbA1c measurements during the
5-year follow-up period, or if all of their HbA1c

measurements were during a period of less than
12 months. In addition, individuals in the ‘case’
group must have been screened for DR at least
twice during the follow-up period—i.e. once to
determine no retinopathy, then at least once
more to determine onset of retinopathy.

Data Collection

For each individual, the baseline characteristics
were recorded using hospital electronic records.
Additional demographic data were collected
where this was available. Data were collected
over the 5-year follow-up period and every
HbA1c measurement performed during this
period was recorded.

Study Outcomes

The primary outcome was the development of
new-onset DR during the follow-up period and
assessing the impact that glycaemic variability
had on the risk of developing DR. The presence
of DR was assessed by accredited retinal
screeners at the diabetic retinopathy eye
screening clinic using seven-field stereoscopic
fundal photography using Canon CR2 or CR2AF
cameras (Canon Medical Systems Europe BV,
Crawley UK). Confirmed DR was graded in
accordance with the England and Wales
National Screening Committee classification
[28].

Statistical Analysis

Basic descriptive statistics were used to high-
light the demographic variables for all subjects
included in the study. The HbA1c variability for
each individual was calculated as the standard
deviation (SD) of all their recorded measure-
ments across the 5-year follow-up period. Only
those with a minimum of three recorded HbA1c

measurements and which spanned a time per-
iod of 12 months or greater had their variability

Diabetes Ther (2021) 12:2755–2766 2757



calculated. This was to ensure that there was
sufficient data for a reliable calculation for each
individual [17, 30]. Mean HbA1c was also cal-
culated and subjects categorized into ‘low’ and
‘high’ mean groups. ‘Low’ mean HbA1c was
defined as those individuals having a mean
HbA1c B 58 mmol/mol (7.5%) and ‘high’ mean
HbA1c as[ 58 mmol/mol (7.5%) [31]. The rela-
tionship between the mean HbA1c and HbA1c

variability was analysed with variability classi-
fied as either ‘low’ or ‘high’ on the basis of the
median. Further analysis of the effect of HbA1c

variability was conducted by dividing the SD of
HbA1c into quartiles to determine if there was a
linear trend with increasing variability.

The glycaemic variability was also analysed
as a categorical variable, categorized into quar-
tiles to assess if there was a significant trend in
retinopathy with increasing variability. Despite
the large number of ways to calculate glycaemic
variation, SD of HbA1c was chosen as it was the
method most commonly used among studies in
a recent systematic review [32]. It is simple to
perform and therefore theoretically more plau-
sible in a wider clinical setting. The hypothesis
was that there is no difference between devel-
oping retinopathy versus those not developing
retinopathy. An unadjusted analysis was per-
formed using the chi-square test and the Wil-
coxon rank sum test was performed to assess the
impact of identified demographic and baseline
variables.

To analyse the effect of HbA1c variability on
the development of DR three measures of vari-
ability were analysed: (a) standard deviation of
HbA1c values, (b) coefficient of variation and
(c) range (difference between the maximum
value and minimum value). The medians and
their respective interquartile ranges were
reported and tested between the two groups
using a Wilcoxon rank sum test. A logistic
regression was also performed to adjust for age
and sex and to determine if there is any signif-
icant trend in increasing variability. In line with
epidemiological data, diabetes was assumed to
be type 2 diabetes for those in whom this was
not recorded [33].

To adjust for potential confounding factors a
logistic regression was performed to adjust for
mean HbA1c, age, sex and estimated glomerular

filtration rate (eGFR) at baseline. Unadjusted
and adjusted odds ratios for the standard devi-
ation categorized into quartiles have been
reported.

For those that were diagnosed with
retinopathy, a survival analysis was performed
on time to diagnosis, to explore if HbA1c vari-
ability was also associated with time to
diagnosis.

RESULTS

Figure 1 shows the CONSORT diagram for the
subjects in the study. There were 3199 people
registered in the database during the time per-
iod who had no retinopathy at baseline. After
removal of those who did not meet the inclu-
sion criteria, 2991 subjects remained, of whom
1998 (66.8%) had no retinopathy at the end of
the 5-year study period and the remaining 993
(33.2%) had developed it.

To ensure that subjects in both groups had
measurements recorded for similar durations,
only subjects that had their last HbA1c mea-
surement recorded in 2017 and 2016 were
included in the analysis. For those subjects only
the last 3 years’ measurements were included.
Because of the skewed nature of the data,
median numbers were used. This resulted in the
‘no retinopathy’ group having a median num-
ber of 6 visits (interquartile range 5–8), and the
‘retinopathy’ group having the same number of
median of 6 visits (IQR 5–7). Because recordings
had to be greater than 3 months apart this
resulted in approximately two HbA1c measure-
ments per year. However, 41 people (19 from
the no retinopathy group, and 22 from the
retinopathy group) had HbA1c measurements
recorded within 3 months of a previously
recorded value, and were therefore removed
from the analysis (Fig. 1). This resulted in 2511
subjects included in the final analysis dataset,
1969 (78.4%) with no retinopathy diagnosis
and 542 (21.6%) with a retinopathy diagnosis.
Table 1 shows the descriptive statistics for this
cohort.

Table 2 shows that when HbA1c variability
was divided into quartiles of standard deviation,
as HbA1c variability increased, the risk of
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developing retinopathy also increased. When
the mean HbA1c was less than the overall med-
ian of 54 mmol/mol, the bottom SD quartile
(SD\ 3.2) (i.e. the lowest degree of HbA1c vari-
ability) the incidence of newly diagnosed
retinopathy during the study was 14.9% com-
pared to the top SD quartile ([ 9.1) having an
incidence of 26.9%. The same trend was seen for
the mean HbA1c, with the lowest quartile
(\48 mmol/mol) having an incidence of
13.9%, compared to 32.6% when the mean
was[ 63 mmol/mol.

Supplementary Table S1 shows the correla-
tion between the variability of HbA1c measure-
ments and the mean of the measurements.
There was a positive correlation of 0.55 between
the mean HbA1c and the standard deviation of
HbA1c measurements. Supplementary Table S1
also shows that the highest incidence of
retinopathy was seen when HbA1c measure-
ments were consistently over 63 mmol/mol and
in the top three quartiles of variability.

Table 3 shows that when unadjusted, the
HbA1c standard deviation had an odds of 1.027
(95% CI 1.01–1.04) of having a retinopathy

Fig. 1 CONSORT diagram for the subjects in the study
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diagnosis for every unit increase in the standard
deviation (p = 0.0001). Similarly, the unad-
justed HbA1c mean had an odds of 1.034 (95%
CI 1.03–1.04) of having a retinopathy diagnosis
for every unit increase in the mean.

After adjustment for sex, age, diabetes type
and the mean, the standard deviation of HbA1c

was not significant (p = 0.3435). However, the
mean HbA1c itself was significant (p\ 0.0001).
These data support those in Supplementary
Table S1 showing that the mean HbA1c had a
stronger association than the variability with
having a retinopathy diagnosis. Age was also
significant (p = 0.0007), with an odds ratio of
1.01 (95% CI 1.01–1.02) of having a retinopathy
diagnosis for every unit increase in age. Diabetes
type was also a significant factor with type 1

diabetes having an odds of 1.63 (95% CI
1.11–2.40) of a retinopathy diagnosis compared
to those with type 2 diabetes. This latter fig-
ure must be interpreted cautiously because for
90% of the subjects the diabetes type was not
known, but was assumed to be type 2 diabetes
because of the demographics or the catchment
population of the screening service [34].

Figure S2 in the supplementary material
shows a survival analysis for the 542 subjects
that had a retinopathy diagnosis develop during
the period of follow-up. This was done to
explore if there was any difference in times to
diagnosis between the mean HbA1c quartile
bands. These data illustrate that the time taken
to develop retinopathy was much the same in
the bottom two quartiles, but are different from

Table 1 Descriptive statistics of the cohort in the final analysis

N = 1969 N = 542 Total (%)
No retinopathy
N (%)

Retinopathy
N (%)

Overall 1969 (78.4) 542 (21.6) 2511

Sex

Male 1146 (79.3) 299 (20.7) 1445

(57.6)

Female 823 (77.2) 243 (22.8) 1066

(42.5)

Diabetes type

Type 1 53 (61.5) 33 (38.4) 86 (3.4)

Type 2—(OHA/GLP-1 controlled) 38 (69.1) 17 (30.9) 55 (2.2)

Type 2—insulin (± OHA/GLP-1) controlled 69 (68.3) 32 (31.7) 101 (4.0)

Diabetes type unknown 1809 (79.7) 460 (20.3) 2268

(90.4)

Mean age (years) (SD), N 61.5 (13.8), 1475 61.4 (16.5), 542

Median duration between first and last HbA1c recorded values

(days) (IQR)

951 (813–1030) 949 (802–1025)

Median number of HbA1c recorded values over 3 years (IQR) 6 (5–7) 6 (5–8)

Median eGFR mL/min/1.73 m2 (IQR) 77 (65–90) 82 (68–90)

Median HbA1c mean over time mmol/mol (IQR) 53.8 (48.0–61.5) 58.3 (51.1–69.1)

OHA oral hypoglycaemic agent, GLP-1 glucagon-like peptide 1, SD standard deviation, IQR interquartile range, N number,
eGFR estimated glomerular filtration rate
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the two top HbA1c quartiles, which themselves
are similar. For subjects in the top HbA1c quar-
tile, the quartile estimate days to diagnosis was
1337 days (95% CI 1209–1438) and for the
bottom quartile it was 1037 days (95% CI
729–1121).

DISCUSSION

This observational study of 2511 subjects shows
that the strongest risk for the development of
diabetic retinopathy was a high mean HbA1c for
the duration of the study. In addition, high
glycaemic variability, as measured by the

standard deviation of visit-to-visit HbA1c, over a
period of at least 3 years was associated with a
significantly increased risk of developing dia-
betic retinopathy; however, after adjustment for
sex, age, diabetes type and the mean, HbA1c

variability was no longer significant
(p = 0.3435).

The association of chronic hyperglycaemia
and the impact of achieving and maintaining
optimal glycaemic control on the risk of devel-
oping DR was established by the Diabetes Con-
trol and Complications Trial [6]. The
mechanisms by which chronic hyperglycaemia
causes DR are complex, but involve regulation
of blood pressure through the retina [35],
ischemia and hyperosmotic damage, as well as
sharing many of the other characteristics that
are involved in the pathogenesis of diabetes-
related microvascular disease [36, 37]. Until
recently, however, little attention has been paid
to the role of long-term variation in glycaemic
control on the development of DR.

An analysis of the data from the Diabetes
Control and Complications Trial using standard
deviation (SD) as the measure of HbA1c vari-
ability showed a significant association between
HbA1c variability and the risk of developing DR
in type 1 diabetes [38]. Two additional studies
then found no significant association when
coefficient of variation (CV) was used as the
measure of glycaemic variability [30, 39]. How-
ever, a 2015 meta-analysis found that DR
appeared to be associated with HbA1c variability
in people with type 1 diabetes, but not in type 2
diabetes [14].

Our data are in contrast to those from a small
study of 220 people with type 1 diabetes which
showed that the relationship between mean
HbA1c and the risk of developing was strong (OR
2.82, 95% CI 1.45–5.5), but the relationship
between the risk of developing DR and gly-
caemic variability as measured by CV of HbA1c

was stronger, with an OR of 8.93 (95%CI
1.86–42.87) [31]. The increased risk for people
with type 1 diabetes was also found in a large
systematic review and meta-analysis of over
44,000 people with type 1 diabetes and 43,000
people with type 2 diabetes [14]. These authors
showed that the risk associated with HbA1c

variability was associated with an increased risk

Table 2 Proportion of individuals with and without dia-
betic retinopathy by standard deviation quartile bands,
mean HbA1c quartile bands and mean HbA1c

Standard
deviation
quartiles

No
retinopathy
N (%)

Retinopathy
N (%)

Total
(N)

Quartile 1

(\ 3.2)

526 (85.1) 92 (14.9) 618

Quartile 2

(3.2–5.2)

515 (81.8) 115 (18.3) 710

Quartile 3

(5.3–9.1)

465 (73.8) 165 (26.2) 630

Quartile 4

([ 9.1)

463 (73.1) 170 (26.9) 633

Median HbA1c quartile (mmol/mol)

Quartile 1

(\ 48)

501 (86.1) 81 (13.9) 582

Quartile 2

(48–54)

582 (82.4) 124 (17.6) 706

Quartile 3

(55–63)

470 (77.3) 138 (22.7) 608

Quartile 4

([ 63)

409 (67.4) 198 (32.6) 607

Mean HbA1c (mmol/mol)

B 54 1037 (83) 212 (17) 1249

[ 54 932 (73.8) 330 (26.2) 1262
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of retinopathy in those with type 1 diabetes (RR
2.11, 95% CI 1.54–2.89), but not for those with
type 2 diabetes (RR 1.03 95% CI 0.69–1.53).
Unlike our data, these results were independent
of the mean HbA1c.

Our data are also different to those of
Critchley et al. when considering the associa-
tions between mean HbA1c and outcomes in
people with type 2 diabetes. Those authors
showed that glycaemic variability was more
associated with all-cause mortality than mean
HbA1c, which was only important in those in
the top and bottom HbA1c deciles [40]. We did
not look at mortality, but showed that mean
HbA1c was more important that HbA1c vari-
ability. This is similar to the conclusions
reached by Cardoso et al. who suggested that
mean HbA1c, rather than variability, was
important in determining risk of developing
retinopathy [23]. However, they found this
relationship was strongest only in those with
better controlled diabetes [23]. Thus the data are
conflicting, with some studies showing no
relationship between HbA1c variability and
retinopathy in those with type 1 diabetes
[30, 39], with other commentators suggesting
there is one [38, 39]. Similarly, there are few
data on people with type 2 diabetes, and some
of those also suggest no relationship [21, 22].

However, recent data from a cohort of 1125
people from Park et al. have produced data
similar to ours, suggesting that mean HbA1c and
HbA1c standard deviation were associated with a
lower risk of retinopathy and retinopathy pro-
gression [41]. Our data suggest that there is a
relationship for those with type 2 diabetes—
even though we have made the assumption that
the vast majority of our cohort has type 2 dia-
betes. This assumption was made because of the
demographics of type 1 and type 2 diabetes in
the UK [33].

Thus, questions still remain as to the relative
importance of long-term mean HbA1c or HbA1c

variability. The former is the variable that has
the longest and most data when considering
risk of complications, but does not explain all of
the risk [7, 38].

The time taken to diagnosis was longer in
those in the highest HbA1c quartile. It may be
that those individuals were least likely to seek
help or attend routine scheduled appointments,
thus had less optimal glycaemic control and
also led to a delay in diagnosis. However, we
accept that this is speculative.

We acknowledge that there are some limita-
tions to our study. By the nature of the study it
is observational and retrospective and so cause
and effect is conjecture. We also excluded

Table 3 Unadjusted and adjusted odds ratios for those with retinopathy

Unadjusted odds ratios estimates 95% confidence interval p value

Effect Odds ratio

Standard deviation 1.027 (1.01–1.04) 0.0001

Mean 1.034 (1.03–1.04) \ 0.0001

Coefficient of variation 2.808 (1.04–7.59) 0.0418

Standard deviation model Adjusted odds ratio 95% confidence interval p value
Effect

Female vs male 1.083 (0.88–1.33) 0.4435

Age 1.013 (1.01–1.02) 0.0007

Diabetes type (T1DM vs T2DM) 1.632 (1.11–2.40) 0.0125

Standard deviation of HbA1c measurements 0.991 (0.97–1.01) 0.3435

Mean HbA1c measurements 1.038 (1.03–1.05) \ 0.0001

T1DM type 1 diabetes mellitus, T2DM type 2 diabetes mellitus
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people with too few HbA1c measurements, or
those who had them in a very short time frame.
Furthermore, we did not have access to some of
the residual or potential confounders that may
influence the risk of developing retinopathy. In
particular we did not know the duration of
diabetes, because this was a predominantly
primary care cohort and we did not have access
to the primary care database. In addition, as a
result of the nature of the study, we were unable
to look at potential mechanistic contributions
of variability of fasting plasma glucose, or con-
centrations of vascular endothelial growth fac-
tor, or insulin-like growth factor or lipid
peroxides. Our cohort was predominantly Cau-
casian, potentially limiting the validity of our
results in a more ethnically diverse population.
In addition, we did not have access to co-mor-
bidity status, e.g. the presence of hypertension,
renal function or dyslipidaemia—or their treat-
ments. Because of this, we were also unable to
assess any potential relationship or confound-
ing between type of treatment for diabetes,
blood pressure or lipids, any treatment changes
and subsequent impact on HbA1c variability.
We were also unable to assess any potential
legacy effect from previous tight glycaemic
control (regardless of HbA1c variability). Song
et al. showed that in their cohort of 604 people
with type 2 diabetes, in addition to HbA1c vari-
ability, the 67 people who developed DR were
more likely to have a longer duration of dia-
betes, higher body mass index, more likely to be
insulin users and be hypertensive [25]. England
has its own retinopathy grading system and
thus we were not able to determine if our results
may have been different using the Early Treat-
ment Diabetic Retinopathy Scale [28]. In addi-
tion, low glycaemic variability may reflect a
measure of retention of endogenous insulin
secretion. Insulin is well recognized to have
anti-inflammatory properties and may have
offered a degree of protection to the retinal
endothelium [42]. We also acknowledge that
there are many different ways of measuring
glycaemic variability and we have chosen the
most frequently used, and easiest one to calcu-
late [13].

There is also the limitation that we measured
HbA1c variability at the same time as the

outcome of interest and that this may have
introduced a bias in terms of reverse causality,
i.e. that the increased variability may be due to
the closeness of the event, not the opposite.
Other forms of bias may have been informative
censoring (i.e. when reasons for loss to follow-
up are confounded with the exposure), and to
immortal time bias (i.e. that during the whole
time period the exposure was being measured
the individual is ‘immortal’, because, by defi-
nition, no endpoint can occur during this per-
iod) [43].

There is also the assumption that those with
the highest HbA1c may have the highest vari-
ability, but that was not shown to be the case in
another study looking at glycaemic variability
and wound healing in diabetes-related foot
ulcers [31]. It may also be argued that mea-
surement of at least three HbA1c values during
the 5-year period was not sufficient to show
glucose variability and may underestimate it;
however, we have previously used this
methodology [31].

The strengths of our study are we have used a
large unselected cohort of people with diabetes
undergoing their routine annual eye screening
appointment, with a long follow-up period. We
have a single data capture system and only two
senior retinopathy graders, ensuring little like-
lihood of missing or misdiagnosis. We also were
able to exclude the potential impact of ‘early
worsening’—i.e. those individuals who develop
retinopathy with a rapid improvement in gly-
caemic control. This is because this condition
usually develops in those who have a degree of
retinopathy to start with—a group we excluded
[44].

CONCLUSIONS

In summary, we have shown that in this large,
single-centre cohort study, the strongest risk for
the development of diabetic retinopathy was a
high mean HbA1c. High glycaemic variability, as
measured by unadjusted visit-to-visit change in
HbA1c, was associated with an increased risk of
developing diabetic retinopathy but the associ-
ation no longer remained significant after
adjustment.
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