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ABSTRACT

Objective To determine if continuous subcutaneous
insulin infusion (CSII) therapy is associated with lower
glycatedhaemoglobin (HbA1c) variability (long-term
glycaemic variability; GV) relative to multiple daily injection
(MDI) treatment in adults with type 1 diabetes mellitus
(T1DM).

Design Retrospective audit.

Setting and participants Clinic records from 506 adults
with T1DM from two tertiary Australian hospitals.
Outcome measures Long-term GV was assessed by
HbA1c SD and coefficient of variation (CV) in adults on
established MDI or CSII therapy, and in a subset changing
from MDI to CSII.

Results Adults (n=506, (164 CSlI), 50% women,
mean+SD age 38.0+15.3years, 17.0+13.7 years diabetes,
mean HbA1c 7.8%=1.2% (62+13 mmol/mol) on CSlI,
8.0%=1.5% (64+16 mmol/mol) on MDI) were followed

for 4.1+3.6 years. CSII use was associated with lower

GV (HbA1c SD: CSlI vs MDI 0.5%=0.41% (66 mmol/

mol) vs 0.7%=0.7% (98 mmol/mol)) and CV: CSIl vs

MDI 6.7%=+4.6% (1010 mmol/mol) vs 9.3%=+7.3%
(1413 mmol/mol), both p<0.001. Fifty-six adults (73%
female, age 36=13years, 16+13years diabetes, HbA1c
7.8%=0.8% (62+9 mmol/mol)) transitioned from MDI to
CSIl. Mean HbA1c fell by 0.4%. GV from 1 year post-CSlI
commencement decreased significantly, HbA1c SD pre-
CSll versus post-CSIl 0.7%=0.5% (8+5mmol/mol) vs
0.4%=0.4% (524 mmol/mol); p<0.001, and HbA1c CV
9.2%=5.5% (13+8 mmol/mol) vs 6.1%=+3.9% (9+5mmol/
mol); p<0.001.

Conclusions In clinical practice with T1DM adults relative
to MDI, CSII therapy is associated with lower HbA1c GV.

INTRODUCTION

Type 1 diabetes mellitus (T1DM) is charac-
terised by day-to-day glucose fluctuations,
much more so than in type 2 diabetes mellitus
(T2DM). The Diabetes Control and Compli-
cations Trial established that near normal
glycaemic control, reflected by glycated

Strengths and limitations of this study

» A relatively large real-world observational study
across a wide age and socioeconomic status from
two tertiary hospitals allows for generalisability of
results.

» Glycated haemoglobin glycaemic variability (GV), a
simple low-cost mathematical measure, assessed
using two formulae, with similar results, and in ve-
nous blood in accredited laboratories.

» Analysis in those on established multiple daily in-
jection (MDI) or continuous subcutaneous insu-
lin infusion therapy and in a subset who changed
modalities, and a control group of MDI users who
remained on MDI.

» Not a randomised study therefore not able to com-
pletely adjust for possible behavioural differences.

» Complements and extends a prior publication by the
group in which short-term GV based on interstitial
fluid continuous glucose monitoring (CGM) mea-
sures did not differ by insulin delivery modality.

haemoglobin (HbAlc) levels, substantially
reduces the risk of long-term vascular and
neurological ~ complications.!  Short-term
glycaemic variability (GV) can be assessed
by analysing multiple daily capillary blood
glucose levels, or by continuous (intersti-
tial fluid) glucose monitoring (CGM), and
at cellular level has been demonstrated®® to
increase oxidative stress, inflammation and
epigenetic changes.! Longer-term GV can be
assessed by analysing variation in HbAlc levels
over time, usually reported as HbAlc SD and/
or coefficient of variation (CV), and has been
implicated as an independent risk factor for
the development of chronic complications in
people with both TIDM and T2DM.*” Short-
term and long-term GV do not always correlate.
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In people with T1DM, insulin can be delivered by
either multiple daily injections (MDI) or by continuous
subcutaneous insulin infusion (CSII). There is emerging
epidemiological evidence that CSII use (independent of
HbAlc levels) is associated with a reduction in chronic
complications in both adult and paediatric age groups
and with reduced cardiovascular mortality in adults with
TIDM.?® Although CSII use is generally associated with
lower HbAlc levels compared with MDL’ there are no
consistent reported associations in the literature between
short-term and long-term GV and insulin delivery mode.
CSII without frequent real-time continuous glucose moni-
toring (RT-CGM) is usually associated with similar short-
term GV as MDL,'""* including in our previous study in
TIDM adults in the same setting as herein. With regard
to long-term GV, there is only one published study, and
that is in a paediatric setting, which demonstrated long-
term GV benefit of CSII compared with MDI over a 3year
period."”

The primary aim of the present study was to examine
HbAlc GV in adults with TIDM treated by CSII and MDI
therapies predominantly without RI-CGM use in the real-
world setting, not in a clinical trial. Hence, we compared
HbAlc SD and CV over years in adults with TIDM treated
by CSII, to those of adults treated by MDI, and also in
those changing from MDI to CSII therapy. Results were
analysed with and without adjustment for mean HbAlc
levels. As glycaemic benefit of technology may differ by
user age group,'* we also compared results in emerging
adults (aged 18 to 26 years) and more mature adults (=26
years).

MATERIALS AND METHODS

Subjects

We undertook a retrospective audit of clinical records of
adults with TIDM attending outpatient diabetes clinics
at two independent tertiary referral hospitals (Royal
North Shore Hospital (RNSH), Sydney, and St Vincent’s
Hospital (SVH), Melbourne, Australia). Data from 1995
to 2018 were collected. Participants were excluded if they
were less than 18 years old, pregnant or breastfeeding,
had less than two HbAlc results on record or had less
than 1year of CSII therapy. The insulin pumps were not
used with continuous RT-CGM. Flash glucose monitoring
became available in Australia in late 2016 and was not
subsidised, and RT-CGM only became subsidised for those
under 21 years of age in 2017, therefore these modalities
were rarely used in our public hospital settings during the
study period.

Patient and public involvement

No patients were involved. As this was a retrospective
audit, it was not appropriate or possible to directly involve
patients or the public in this work.

Data collection
All HbAlc results were obtained from laboratories accred-
ited with the National Association of Testing Authorities

(NATA) and the Royal College of Pathologists of Austral-
asia. All NATA accredited laboratories are required
to participate in a standardisation programme and to
standardise HbAlc measurements to the International
Federation of Clinical Chemistry and Laboratory Medi-
cine guidelines. Patients usually had their laboratory tests
performed by the same pathology provider. Demographic
and clinical parameters (including insulin treatment
modality, chronic complication status, incidence of severe
hypoglycaemia (defined as any episode of hypoglycaemia
requiring assistance from another person for recovery))
were obtained from the medical records. Socioeconomic
status was estimated via the subject’s home address post-
code (zip code) via the Australian Bureau of Statistics
Socio-Economic Indexes for Areas, 2011.1°

Glycaemic variability

HbAlc GV was assessed through the mean within-
individual SD and CV ((SD HbAlc/mean HbAlc) x 100)
of available HbAlc levels. If individuals had changed treat-
ment modality from MDI to CSII, the initial 12 months
of HbAlc assessments post-CSII initiation were excluded,
(as H1bA171C usually decreases significantly during this
time). 6

Statistical analyses

Data were stored in Excel (2010) and IBM SPSS Statistics
(V.22) and GraphPad Prism (V.6.0) were used for data
analyses, including descriptive statistics, paired and inde-
pendent T-tests, X2 tests and Pearson correlation coeffi-
cients. Statistical significance was taken at p<0.05. Results
were analysed as a whole and with subgroup analyses by
age (18 to <26 years and 226 years) and by gender. A
further subgroup analysis assessed the impact of insulin
modality on GV across tertiles of mean HbAlc using a
general linear model. Participants on established insulin
therapies (MDI or CSII) were analysed, as were a group of
individuals analysed pre-insulin and post-insulin modality
change (MDI to CSII). The participants who changed
from MDI to CSII were matched (by age, baseline
HbAlc and years of follow-up) to a subgroup of adults
who remained on MDI. GV was compared pre-modality
and after 1year post-modality change in the MDI to CSII
group, and pre and post a matched duration of follow-up
in the group who remained on MDI. Where applicable,
results were analysed with adjustment by least squares
method for hospital location, gender, vascular complica-
tions, severe hypoglycaemia, age, diabetes duration, mean
HbA1lc levels, number of included HbAlc measurements,
time between HbAlc measurements, years of follow-up,
average decile of socioeconomic advantage and disadvan-
tage and decile of education and occupation.

RESULTS

Subject demographics

Baseline clinical characteristics of 506 adults with T1IDM
studied over time while on a single insulin delivery
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Table 1 Clinical characteristics of adults with type 1
diabetes mellitus

csili MDI P value
N 164 342
Age (years) 34+13.4 39+15.8 <0.001
Women (n (%)) 106 (65) 148 (43) <0.001

Years of diabetes 17+12.5 18+14.3 0.55

Years CSlI therapy 6.0+3.6 N/A -
Vascular complications 49 (30) 143 (42) 0.008
(n (%))

Severe hypoglycaemia 14 (14) 70 (21) 0.045
(n (%)t

Socioeconomic status  8+2.3 9+1.9 0.005
(decile): 8+2.4 9+1.9 <0.001

advantage/disadvantage
education & occupation

Years follow-up 41+£2.7 4.1+4.0 0.90
HbA1c measures (n) 8+7 8+8 0.96
Time between HbA1c 213+173 249+203 0.047
(days)

Mean HbA1c % (mmol/ 7.8+1.2 8.0+1.5 0.13
mol) (62+13) (64+16)

Data are mean+SD, or n (percentage).

*Microvascular and/or macrovascular complications.

TAny episode of severe hypoglycaemia recorded in the medical
record.

CSilI, continuous subcutaneous insulin infusion; HbA1c, glycated
haemoglobin; MDI, multiple daily injection.

modality are shown in table 1, with participants from both
hospitals merged. The group is also described based on
insulin delivery mode. SVH participants (n=112) were
more likely to be treated by CSII compared with the
RNSH participants (66 (59 %) vs 98 (25 %); p<0.001)
as SVH was an earlier adopter of CSII into their clinical
practice. SVH subjects were more likely to be female, had
fewer vascular complications, lower socioeconomic status,
longer years of HbAlc follow-up and more available
HbAlc measurements compared with the RNSH partic-
ipants (online supplementary table 1). The (merged
sites, table 1) CSII users were younger, more likely to be
female (in keeping with a noted national trend,' and
less likely to have vascular complications or a previous
documented episode of severe hypoglycaemia and had
a significantly lower socioeconomic status relative to the
MDI group. There were no significant differences in the
years of follow-up between the CSII and MDI groups,
nor the number of HbAlc measurements included in
the study. CSII users had a slightly shorter mean+SD time
between HbAlc measurements compared with MDI users
(213+173 vs 249+203 days, respectively; p=0.047). There
were no significant differences in mean HbAlc levels nor
the number of measures evaluated over the study period
between the CSII and MDI groups (HbAlc mean (SD)
7.8%+1.2% (62+13) mmol/mol (n=8 HbAlc measures)

CSII, and HbAlc mean (SD) 8.0%=+1.5% (64+16) mmol/
mol (n=8 HbAlc measures) MDI; p=0.13).

Lower HbA1c GV in CSll users

CSII-users had significantly lower long-term variability in
HbAlc as reflected by both HbAlc SD and CV measures
(figure 1). The difference remains statistically significant
after adjustment (least squares) for gender, hospital loca-
tion, chronic complication status, severe hypoglycaemia,
baseline HbAlc levels, years of follow-up, number of
HbAlc measures, time between HbAlc tests, diabetes
duration, socioeconomic status and age (both p=0.003).
In order to account for possible differences in glycaemic
control by hospital location, insulin modality treatments
were compared separately at the two sites and similar
significantly lower GV was observed in CSII (vs MDI)
users (online supplementary figure 1). GV was also anal-
ysed by gender, and similarly lower HbAlc SD and CV
was observed in CSII compared with MDI participants in
both men and women. HbAlc SD in women (0.6%+0.5%
(7£6) mmol/mol CSII, 0.8%+0.7% (9+8) mmol/mol
MDI, p=0.005) and in men (0.4%+0.3% (5+3) mmol/
mol CSII, 0.8%+0.7% (9+8) mmol/mol MDI, p=0.002).
HbAlc CV in women (7%+5% (11+12) mmol/mol CSII,
9%+8% (14+12) mmol/mol MDI, p=0.02) and in men
(6%+3% (8+4) mmol/mol CSII, 9%+7% (15+13) mmol/
mol MDI, p=0.002).

Similar pattern of HbA1c variability in adults with TIDM by
age group and insulin treatment modality

Analysis by predetermined age-subgroups (18 to <26
years and =26 years) demonstrated that mean HbAlc
was lower in the older CSII versus older MDI users:
(7.6%+1.1% (59+12) mmol/mol CSII and 7.9%=+1.4%
(62+16) mmol/mol MDI; p=0.034), although there was
no statistically significant difference in the 18 to <26year
old group: (CSII vs MDI; 8.3%=+1.3% (66+14) mmol/
mol vs 8.5%=+1.6% (68+18) mmol/mol) (online supple-
mentary table 2). Furthermore, there were significantly
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Figure 1 Long-term glycaemic (HbA1c) variability in 164

CSll and 342 MDI participants. SD of HbA1c over follow-
up (0.5%+0.4% (6+6) mmol/mol CSlI, 0.7%+0.7% (9+8)
mmol/mol MDI) (A) and coefficient of variation of HbA1c
over follow-up (6.7%+4.6% (10+10) mmol/mol CSlI,
9.3%+7.3% (14+13) mmol/mol MDI) (B). Black bars=CSl|;
white bars=MDI. Graphed values are mean+SEM p<0.001.
CSill,continuous subcutaneous insulin infusion; HbA1c,
glycated haemoglobin;MDI, multiple dailyinjection.
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Figure 2 Long-term glycaemic variability by predefined
age groups. Adults aged 18 to 26 years (n=54 on CSl|,

n=69 on MDI) SD of HbA1c (0.6%+0.4% (7+8) mmol/mol
CSill, 0.9%+0.6% (11+7) mmol/mol MDI; p=0.001) (A),
coefficient of variation HbA1c over follow-up (7.3%+5.5%
(12+16) mmol/mol CSlI, 10.5%+5.9% (16+12) mmol/mol
MDI; p=0.002) (B), adults aged >26years (110 CSlI, 273

MDI) SD of HbA1c (0.5%=0.4% (5+4) mmol/mol CSlI,
0.7%+0.7% (9+8) mmol/mol MDI; p<0.001) (C), coefficient of
variation over follow-up (6.3%+4.2% (9+5) mmol/mol CSII,
8.9%=+7.6% (14+13) mmol/mol MDI; p<0.001) (D). Black
bars=CSlI; white bars=MDI. Graphed values are mean+SEM.
CSll,continuous subcutaneous insulin infusion; HbA1c,
glycated haemoglobin;MDI, multiple dailyinjection.

lower HbAlc SD and CV over follow-up among both age
groups treated with CSII versus those treated with MDI
(figure 2).

HbA1c variability lower in CSIl users across all tertiles of
mean HbA1c mean

HbAlc GV was assessed by tertile of mean HbAlc (tertile
1 HbAlc <7.2% (55 mmol/mol), tertile 2 HbAlc < 8.3%
(67mmol/mol), tertile 3 HbAlc <15.0% (140 mmol/
mol) (table 2). HbAlc CV was significantly lower in CSII
versus MDI users at any tertile of mean HbAlc, whereas
HbAIc SD was lower in CSII users only in tertiles 2 and 3.
There was no interaction between HbAlc SD and CV and
insulin modality at any tertile of mean HbAlc (p=0.28 and
p=0.65 for SD and CV, respectively).

Lower HbA1c GV in adults changing from MDI to CSII

Fifty-six adults chose to change their insulin delivery
modality from MDI to CSII. These individuals had a
mean+SD age of 36+14 years (35+12 for women and 40+17
for men), diabetes duration of 16+13 years and 73%

Table 2 HbA1c GV by tertile of mean HbA1c

Tertile csili MDI P value
HbA1c SD 1 0.4+0.2 0.5+0.4 0.99

2 0.5+0.4 0.6+0.5 0.99

3 0.8+0.5 1.1£0.9 0.008
HbA1c CV 1 5.3+3.1 7.5£5.5 0.001

2 6.5+4.8 8.3+6.5 0.04

3 8.6x5.4 11.7+8.7 0.007

Data are mean+SD.

CSll, continuous subcutaneous insulin infusion; GV, glycaemic
variability; HbA1c, glycated haemoglobin; MDI, multiple daily
injection.

were female. The observation period included 4.3+3.5
years on MDI and 4.6+4.7 years on CSII after excluding
the initial 12 months on CSII (p=0.56), during which
the mean HbAlc fell significantly. There was a similar,
significantly greater number of HbAlc measurements
used to determine GV while on CSII compared with MDI;
mean+SD (n=10+8and n=9+7, respectively; p=0.002),
and a shorter duration between HbAlc measurements
while on CSII compared with MDI (215+158 and 336+501
days, respectively; p<0.001). HbAlc levels significantly
decreased following the switch to GSII, including after
excluding the first 12 months of HbAlc following
modality change, mean+SD (7.8%+0.8% (62+9) mmol/
mol MDI vs 7.4%+0.9% (57+10) mmol/mol CSII;
p<0.001) (figure 3A). In addition, CSII use lowered
HbAlc variability, with CSII commencement decreasing
both HbAlc SD (0.7%+0.5% (8+5) mmol/mol MDI vs
0.4%+0.4% (5+4) mmol/mol CSII; p<0.001) and HbAlc
CV (9.2%+5.5% (13+8) mmol/mol MDI vs 6.1%=3.9%
(945) mmol/mol CSII; p=0.004) (figure 3B,C). There
were no statistically significant correlations between the
improvement in HbAlc SD or CV with baseline variables
such as age and diabetes duration (data not shown).
The change in HbAlc, HbAlc SD and CV was analysed
by gender and there were similar improvements in both
men and women (online supplementary table 3).

The 56 adults who changed from MDI to CSII were
matched (by age, baseline HbAlc and duration of
follow-up) to 56 adults who remained on MDI (table 3).
There were no statistically significant differences in base-
line HbAlc, age, years of follow-up nor time between
HbAlc measurements. Individuals who changed to CSII
had more HbAlc values following the modality change,
compared with those who remained on MDI (post-CSII
n=10+8 vs time 2 remained on MDI n=8+6; p=0.048). In
contrast to the adults who changed from MDI to CSII,
the adults who remained on MDI did not significantly
improve mean, SD or coefficient of variation HbAlc.

DISCUSSION
In this retrospective audit of 506 adults with T1DM from
two independent Australian tertiary referral diabetes
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Figure 3 Long-term glycaemic variability in individuals changing from MDI to CSII therapy. Fifty-six adults changed from MDI
to CSlI therapy over the study. Mean HbA1c over follow-up (p<0.001) (A), SD of HbA1c (p<0.001) (B) and coefficient of variation
of HbA1c over follow-up (p=0.004) (C). Black circles=MDI; white squares=CSlII. Graphed values are mean pre-therapy and post-
therapy change. CSll,continuous subcutaneous insulin infusion; HbA1c, glycated haemoglobin;MDI, multiple dailyinjection.

centres, we report the novel finding that CSII therapy
was associated with lower long-term (HbAlc) glycaemic
variability than MDI therapy, despite similar mean HbAlc
levels across the two modalities. Participants treated by
CSII (without regular RT-CGM, low glucose suspend,
predictive low glucose suspend or closed loop functions
and without regular flash glucose monitoring) had signifi-
cantly lower HbAIc variability reflected by both SD and
CVmeasures. GV among CSII users remained significantly
lower after adjustment for age, gender, diabetes duration,
hospital location, socioeconomic status, chronic compli-
cation status, severe hypoglycaemia, baseline HbAlc
levels, years of follow-up, number of HbAlc measures and
time between HbAlc measures. The groups of emerging
and more mature adults showed similar HbAlc GV

responses, as did males and females. The impact of CSII
on HbAlc CV was consistent across all tertiles of mean
HbAlc. Similar statistically significant reductions in both
measures of HbAlc GV were seen with 56 patients who
changed from MDI to CSII therapy, while MDI users who
remained on MDI for a similar follow-up time did not
significantly change their HbAlc GV.

Glycaemic variability has been identified as an inde-
pendent risk factor for the chronic complications of
diabetes,6 "and in a large Swedish diabetes registry based
epidemiologic study CSII use was independently asso-
ciated with a significantly lower risk of cardiovascular
complications and death.’ This finding may at least partly
relate to GV, and fluctuations between hyperglycaemia
and hypoglycaemia inducing inflammation and oxidative

Table 3 Glycaemic variability in individuals changing from MDI to CSIl compared with matched individuals remaining on MDI

MDI to CSilI Remained on MDI

Pre-CSli Post-CSlI P value* Time 1 Time 2 P valuet
N 56 56
Age (years) 36+13.5 38+15.7
Baseline HbA1c 7.9+1.4 7.9+1.5
% (mmol/mol) (63+15.7) (63+16.3)
Study follow-up (years) 10.0£5.9 9.4+6.5
HbA1c measurements (n) 9+7 10+8 0.002 8+8 8+6 1.00
Time between HbA1c (days) 336+501 215+158 <0.001 281+206 238+166 0.18
Mean HbA1c 7.8+0.8 (62+9)) 7.4£0.9 (57+10)  <0.001 7.7+1.1 7.7£1.2 0.64
% (mmol/mol) (61+12) (61£13)
HbA1c SD 0.7+0.5 0.4x0.4 <0.001 0.6+0.5 0.5+0.3) 0.10
% (mmol/mol) (8+5) (5+4) (7£5) (5+3)
HbA1c CV 9.2+5.6 (13+8) 6.1+3.9 (9+5) 0.004 7.8£5.2 6.4+3.5 0.12
% (mmol/mol) (11+7) (9+5)

Data are mean+SD.

*Pre-CSlI (on MDI) versus post-CSlI
TRemains on MDI time 1 versus time 2.
CSll, continuous subcutaneous insulin infusion; CV, coefficient of variation; HbA1c, glycated haemoglobin; MDI, multiple daily injection.
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stress and epigenetic changes.” * We speculate that lower
HbAlc variability, as associated with CSII use in our study,
may underpin or at least contribute to the observed
reduced chronic complication and death rates among
CSII users.” ®® Y HbAlc variability has been implicated
in the development of microvascular complications in
T1DM,* although the associations with retinopathy have
not been as consistent reported as for nephropathy.® "=
Only one study has found an independent association of
HbAlc GV with cardiovascular events in TIDM.* There
have been no studies which have reported an association
with increased HbAlc GV and mortality risk, although a
number of groups have found such an association in type
2 diabetes mellitus.”

There may be divergent effects of insulin treatment
modality on measures of short-term (blood or intersti-
tial fluid glucose level based) and long-term (HbAlc)
glucose variability. We have previously demonstrated in
119 adult individuals with TIDM (77 MDI and 42 CSII
users) no statistically significant difference in any of 12
accepted measures of short-term glucose variability over
48hours when analysed by masked CGM.” Unfortu-
nately, due to the costly nature of CGM in Australia at
the time of the study, when it was predominantly self-
funded, only a very small subset of patients used episodic
RT-CGM and usually less than the 70% of time described
as needed to improve glycaemia.” These negative results
are comparable to other studies assessing short-term
(CGM) glucose variability in CSII users,® '*** all of which
assessed GV over a maximum of 3 days. Recent consensus
guidelines have recommended that CGM should occur
for 14 days to accurately assess glucose profile,” and
therefore the inconsistencies in GV benefit may reflect
inadequate CGM data. Furthermore, improvements in
short-term GV with CSII may be impacted by deteriora-
tion in HbAlc overtime,g2 highlighting the importance of
assessing long-term GV. Even in studies in which HbAlc
levels were significantly improved by CSII or CSII with
RT-CGM, shortterm GV did not improve in all partici-
pants.'*** More recent studies, including those achieving
tight glycaemic control,”* or using RT-CGM and insulin
pumps with low-glucose suspend functions,” overnight
closed loop insulin delivery® or hybrid closed loop
CSILY have demonstrated improved short-term glucose
variability. The benefit of RI-CGM on shortterm GV
in the absence of CSII therapy has been demonstrated
in the DIAMOND and GOLD trials®™ * which may be a
more cost-effective therapeutic option. However, none of
these studies have reported HbAlc GV change. We antic-
ipate that technological advances in pumps, sensors and
control algorithms will continue to reduce short-term GV,
and also long-term GV, in both adults and children with
TIDM. It is important to consider whether study partic-
ipants are in clinical trials, with their inherent selection
biasses and often additional participant support, or in
clinical practice (as herein).

Strengths and limitations

This is a real-world study, rather than a clinical trial with
potential for selection bias and the Hawthorne (observer)
effect.* We assessed relatively large numbers of adults with
T1DM from two independent tertiary hospitals and did so
over a relatively long follow-up period with good numbers
of HbAlc measures from accredited pathology services in
both CSII and MDI users, and fortunately with similar
mean HbAlc in both groups. We report both HbAlc CV
and SD and not unexpectedly (given the mathematical
derivation of SD from CV), find similar results with both
measures. The study is strengthened by the analysis of GV
over a wide adult age range, as well as by pre-established
age groups and by consideration of gender. We assessed
the impact of GV among tertiles of mean HbAlc, and in
contrast to previous studies,'’ found that the impact of
insulin modality on HbAlc CV persisted across varying
levels of glycaemic control. As well as a longitudinal obser-
vational study there was also an observation of a group
changing from MDI to CSII therapy, and comparison
to a matched group who remained on MDI. There was
a similar number of HbAlc measurements included in
the MDI and CSII groups over a long period of follow-up
(4years in established users, and 10 years in those who
changed from MDI to CSII). HbAlc GV is a low cost
measure that could be calculated from routine clinical
care data (of HbAlc levels), hence is readily applicable
to clinical practice (particularly in the era of electronic
medical records), and clinical trials. Study limitations are
that this clinical audit does not include many patients
attending private practices, except for a small subset of
the SVH patients who attended a bulk-billing (no cost to
patients) private practice on the public hospital grounds,
though in Australia CSII therapy is more commonly
provided in public hospitals than in private practice and
in order to obtain their insulin pump most CSII users
have private health insurance.’ We acknowledge that
there may be treatment differences between the two
hospital sites and the bias toward CSII use in the SVH
site (due to their interest in and early provision of CSII
services in Australia) may impact results. We addressed
this by analysing CSII and MDI users by hospital location
and found similarly lower GV in the CSII groups. HbAlc
measures were performed in different laboratories and
likely by different methodologies, though all labora-
tories were NATA accredited and participants usually
attended the same pathology provider. Given the obser-
vational nature of the study, we are unable to account
for all differences between the MDI and CSII groups,
including treatment adherence, motivation and health
literacy. We note that the time interval between HbAlc
measures is shorter for CSII than MDI (mean difference
of 36 days) and this may reflect behavioural differences or
more healthcare involvement. However, time interval and
number of HbAlc measures were statistically adjusted for
in the data analyses. We did not record patient diabetes
education provided to both groups, however all individ-
uals attended clinics with access to diabetes educators,
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dieticians and clinicians, that were free of charge to them
and usually at the same clinic visit. We acknowledge that
more time may have been spent with CSII users for initial
CSII education,'® however the initial 12 months of HbAlc
data following CSII commencement, when greater educa-
tion time was likely provided, was excluded from the
study. Therefore, the observed prolonged benefit on
glycaemic variability is less likely to be due to initial educa-
tion. Other groups have examined the impact of CSII
therapy compared with MDI on glycaemic control when
equal education time is provided.'®** The results have not
been consistent, and a recent RCT failed to show clinical
and economic benefit of CSIL** Neither study measured
long-term GV. We acknowledge that figures related to
severe hypoglycaemia event rates, retrieved from medical
records, may not be accurate.

Future research directions include confirmatory
studies in both adult and paediatric groups with T1DM,
linkage of both short-term and long-term measures of
glucose variability to hard clinical events and the effects
of pumps with RT-CGM, closed loop insulin delivery
systems, bihormonal pumps and insulin adjunct thera-
pies (such as sodium glucose cotransporter 2 (SGLT2)
inhibitors, metformin and incretin-modulating drugs) on
glycaemic variability. Mechanistic studies exploring the
clinical, cellular and molecular effects of glycaemic vari-
ability are also of relevance. It is imperative that further
research addresses the cost benefits of CSII therapy and
of RT-CGM therapy to facilitate equitable technology
access. Analyses of long-term outcome data to determine
recommended HbAlc GV targets are also desirable.

In summary, this study has shown that CSII use is associ-
ated with lower HbAlc glycaemic variability in adults with
TIDM. HbAlc variability, a simple and low cost measure,
thought to modulate chronic diabetes complication risk,
should be a routine tool to assess glycaemic control in
clinical practice and in clinical research and trials.
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