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Abstract

Introduction

With increasing access to continuous glucose monitoring (CGM), particularly intermittently
scanned CGM (isCGM) (FreeStyle Libre), it is essential to understand the relationship between
Time in Range (TIR) achieved using the isCGM with changes in glycaemic control, diabetes-

related distress (DRD), and resource utilisation in people living with Diabetes.

Methods

Clinicians from 106 NHS UK hospitals submitted isCGM user baseline and follow up data in
a web-based tool held within the UK National Health System (NHS) network. Linear
regression analysis was used to identify the relationship between follow-up glucose TIR (3.9-
10mmol/l) categories (TIR% 50-70 and TIR% >70) with change in HbAlc, DRD and Gold
score (measure of hypoglycaemia unawareness, where a score >4 suggests impaired awareness

of hypoglycaemia).

Results

Of 16,427 participants, 1241 had TIR follow up data available. In this cohort, the mean TIR
was 44.8% (+22.5). With the use of isCGM, at 7.9 months mean follow up, improvements were
observed in HbAlc (-6.9 (13.5) mmol/mol, P<0.001), Gold score (-0.35(1.5), P<0.001) and
DDS (-0.73 (1.23), P<0.001). In the regression analysis restricted to people living with type 1
diabetes, TIR% 50-70 was associated with a -8.9 mmol/mol (+0.6, P<0.001) reduction in
HbAlc; TIR% >70 with a -14mmol/mol (£0.8, P<0.001) reduction in HbAlc Incremental
improvement in TIR% was also associated with significant improvements in Gold score and
DRD. TIR% >70 was associated with no hospital admissions due to hypoglycaemia,
hyperglycaemia/DKA, and a 60% reduction in the paramedic call-outs and 77% reduction in

the incidence of severe hypoglycaemia.



Conclusion

In a large cohort of UK isCGM users, we demonstrate a significant association of higher TIR%

with improvement in HbAlc, hypoglycaemia awareness, DRD and resource utilisation.

Keywords: Time in Range, Time below range, Glycaemic control, Diabetes-related distress,
Gold score



Introduction

In the last decade, real-time continuous glucose monitoring (rtCGM) and intermittently
scanned CGM (isCGM) have emerged as essential tools to support people living with Diabetes
to monitor and manage their glucose levels, leading to improved glycaemic control!->. With the
arrival of this new technology, several new matrices for monitoring glucose levels have been
recommended for use in clinical practice, such as TIR Time below Range (TBR) and Time
above Range (TAR)>. TIR is now considered a key measure of therapeutic success>®. The
international consensus on TIR recommends®’ standardised reporting of the percentage of
glucose values, which fall within the target range of 3.9—10 mmol/l range. The target for people
living with type 1 and type 2 diabetes is for %TIR >70 (16 h 48 min/day) between 3.9-

10mmol/1’..

To the best of our knowledge, there are no population-based studies that look at the relationship
between follow up TIR% achieved with the isCGM and HbAlc, hypoglycaemia awareness,
diabetes-related distress and severe hypoglycaemia (SH). There are also no data on the effect
of TIR% on hospital admissions due to hypoglycaemia, hyperglycemia/DKA, and paramedic
call-outs in people with diabetes. Therefore, the objective of this study was to assess the
relationship between the TIR achieved at follow-up following isSCGM initiation, with change
in HbAlc, hypoglycaemia unawareness, diabetes related distress, SH and resource utilisation

in people living with diabetes.

Methods



This observational study analysed data collated from the nationwide ABCD audit on FreeStyle
Libre that started in November 2017. We collected baseline data before isCGM initiation, such
as patient demographics, previous completion of structured diabetes education, duration of
diabetes, Body Mass Index (BMI), HbAlc values from the previous 12 months. Baseline data
also included the Gold score’, Diabetes Distress Screening scale (DDS2)!* and severe
hypoglycaemia (SH), defined as hypoglycaemia requiring third-party assistance, paramedic
callouts, hospital admissions due to hypoglycaemia in the previous 12 months. The follow-up
data was collected at the routine follow-up appointment for people living with diabetes in the
participating NHS hospitals. Follow-up variables included Gold score’, HbAlc, DDS2, BMI,
SH episodes, paramedic callouts, and hospital admissions due to hypoglycaemia since the
previous clinic visit. The Gold score” is a validated screening tool used to assess awareness of
hypoglycaemia. It is a 7-point Likert scale that asks the question, “do you know when your
hypos are commencing?”. 1 is “always aware” and seven is “never aware”. Diabetes-related

distress was measured using the two-item diabetes distress screening tool (DDS2)'.

All the participants in the audit were prescribed the isSCGM (16,427). The NHS physicians who
see them in the hospital recruits the patients in the audit, only if they are initiated on the isCGM.
Of the 16,427 only a subset of patients had a follow-up (n=6859). Of these 6859, 3250 patients
had a recorded TIR in the study. In the 3250 with TIR data, 1,241 (38%) reported data that
aligned with the international consensus range of 3.9 to 10 mmol/l. The people who had TIR
data had used isSCGM more than 70% of the time and this data was downloaded from the
isSCGM at the first follow-up visit. In February 2019, the Advanced Technologies &
Treatments for Diabetes (ATTD) Congress convened an international panel of individuals with
diabetes and clinicians and researchers with expertise in CGM . This expert panel reached a
consensus on glycemic cut-points -a target range 3.9—10.0 mmol/L for individuals with type 1

diabetes. However, some clinicians decide to modify this range based on clinical presentation



of the patient or simply by patient’s choice. When the consensus on glycaemic cut-points for

TIR is not used/recommended it is referred to as a personalised TIR

There were also variables specific to iSCGM use, and TIR, TBR. Since the international
recommendations for TIR were not published at the start of the audit, we had allowed clinicians
to report personalised TIR. For the purposes of this paper, TIR data reported which aligns with
the international consensus on TIR (3.9-10mmol/l), are reported. The TIR reported in the study
is the TIR averaged over the 14-day period obtained from the download at the first follow-up
visit.

Statistical methods

All the statistical analyses were done in R version 4.1.2 (https://www.r-project.org/). We
labelled the follow-up TIR into three categories TIR%<50, TIR% 50-70 and TIR% >70. We
used the non-parametric Kruskal-Wallis test to compare the baseline characteristics of the study
population in the three TIR% categories.. The data for this study consisted of people living
with T1D who were recommended to use the international consensus on TIR (3.9-10mmol/l
range) on their isCGM. We used the TIR data downloaded at the first follow-up visit for
analysis. We used regression analysis to estimate the independent effect of TIR% categories
on change in HbAlc, DDS and Gold scores. The regression models used the change in HbA lc,
DDS and Gold score as dependent variables and TIR% (as a factor variable) and other
covariates as independent variables, including the baseline HbAlc. Using TIR% as a
continuous variable, we estimated the absolute change in HbAlc with a 10% improvement in
TIR%. The baseline data for hospital admissions, paramedic call-outs and severe
hypoglycaemia (SH), hyperglycaemia/DKA was available for 12 months preceding the use of
isSCGM. Since the follow-up data were available for only a mean of 7.9 months, we calculated

monthly pro-rata hospital admissions, paramedic call-outs and severe hypoglycaemia before



and after using iSCGM. Using the estimates for monthly hospital admissions, paramedic call-

outs and SH, we computed a percentage decrease in these parameters with the use of isSCGM.

Ethical approval

The ABCD nationwide audit program has Caldicott Guardian approval. Guidelines were
followed, including that only routine data was collected from centres involved in the audit and

data collected was anonymised when submitted to the central database.

Results

Baseline characteristics of the study population

The study consisted of 16,427 people with baseline data, of which 6859 people had paired
baseline and follow up data, and a subset (n=3250) with reported TIR. In the 3250 with TIR
data, 1,241 (38%) reported data that aligned with the international consensus range of 3.9 to 10
mmol/l. Table 1 shows the baseline clinical and demographic characteristics of the people
living with diabeteswith and without TIR in the study population. Those with TIR data were
likely to be older, more likely to be Caucasians and have a significantly higher duration of

diabetes and a lower baseline HbA lc.

Table 2 compares the baseline demographics and clinical characteristics of people with
diabetes who achieved the TIR%<50, TIR% 50-70 and TIR% >70 at the mean follow-up period
of 7.9 months. In this univariate analysis, those who achieved TIR% 50-70, and TIR% >70

were more likely to be older (P<0.001), have a lower baseline HbAlc (P<0.001), and have



lower DRD (P<0.001) at baseline. In addition, the duration of diabetes, baseline Gold score
and completion of structured education had a significant but limited absolute effect on the

attainment of TIR% 50-70 and TIR% >70 at follow-up.

Relationship between TIR achieved and change in HbAlc, DDS and Gold score

Figure 1a and Fig 1b shows that there was a significant negative correlation between the
TIR% and pre-isCGM HbA I¢ (r?=-0.45 P-value <0.001) and post-isCGM HbA I¢ at follow-up
(r*=-0.68 P-value <0.001). With the use of isSCGM, at a mean follow-up period of 7.9 months,
the improvement in HbAlc was -7 (13) mmol/mol, P<0.001, Gold score -0.35 units (£1.5),
P<0.001, and DDS -0.73 (£1.23), P<0.001. In this cohort, the mean TIR was 44.8% (£22.5).
The mean follow-up HbAlc in people who achieved TIR%<50 was 71.3 mmol/mol, in TIR%
50-70 was 57.3mmol/mol, and TIR%>70 was 51.2 mmol/mol. The mean reduction in the
HbAlc in TIR%<50, TIR% 50-70 and TIR% of >70 on the univariate analysis was -5.2
mmol/mol, -5.5 mmol/mol and -9.8 mmol/mol respectively and significantly different across

the three TIR categories( P <0.001).

The mean reduction in DDS in TIR%<50, TIR% 50-70 and TIR% of >70 on the univariate
analysis was -0.72 units, -0.75 units and -0.71 units and were not significantly different across
the three groups (P=0.94). The reduction in Gold score in TIR%<50, TIR% 50-70 and TIR%
of >70  on the univariate analysis was -0.33 units, -0.59 units and -0.51 units and were

significantly different (P=0.008) across the three groups.



Relationship between TIR% categories on follow-up HbAlc, DDS and Gold score

Table 3 shows the results of adjusted estimates from the linear regression model for the change
(follow-up- baseline) in HbAlc, Gold score and DDS in the TIR% 50-70 and TIR% >70
categories with TIR% <50 as the reference group. A TIR% 50-70 category was associated
with -8.9 mmol/mol (£0.6), P<0.001 reduction in HbAlc and TIR% >70 was associated with
-14mmol/mol (£0.8), P<0.001 reduction in HbAlc.. In order to estimate the association of 10%
increase in TIR with post isSCGM HbAlc we divided the TIR by 10% and used it as a
continuous dependent variable in the regression model adjusted for baseline variables. In these
analysis 10 units (which is 10%) increase in TIR was associated with 3.54 mmol/mol
improvement in the HbAlc. The regression analysis also showed that the pre-isCGM HbAlc
was also an independent predictor of reduction in HbA1c with the use of isCGM (Beta=-0.57

(+£0.01) P<0.001).

Similarly, the reduction in the DDS was associated with significantly greater in TIR% 50-70
(Beta=-0.29 (£0.07), P<0.001) and TIR% >70 (Beta=-0.40 (£0.09), P<0.001). There was also
a borderline significant reduction in the follow-up Gold score in the TIR% 50-70 (Beta=-0.17
(£0.08), P=0.05) and a statistically significant reduction in Gold score in the TIR% >70
categories (Beta=-0.32 (£0.15), P=0.01). The adjusted r-squared for change in HbAlc, DDS,
and Gold score models was 0.53, 0.48 and 0.35, respectively, indicating a good model fit for

all three models.

Relationship between TIR and resource utilisation

Overall, the use of isCGM with a mean follow-up period of 7.9 months, was associated with a
48% reduction in hypoglycaemia related admissions, a 43% reduction in the

hyperglycaemia/DKA related hospital admissions and a 77.2% reduction in the paramedic call-



outs. The study participants who achieved the TIR% 50-70% had no hypoglycaemia related
hospital admissions, a 7.8% reduction in hyperglycaemia/DKA related hospital admissions and
an 80% reduction in paramedic callouts. The study participants who achieved TIR >70% had
no hospital admissions due to hypoglycaemia, hyperglycaemia/DKA and a 60% reduction in

paramedic call-outs.

As compared to the pre isSCGM there was also a significant reduction in severe hypoglycaemia
(SH) associated with the use of isCGM with a 77% overall reduction in the episodes of SH.
The study participants with TIR% 50-70 was associated with 87% reduction in SH. In
comparison, in the study participants with TIR% >70% was associated with 77% reduction in

the incidence of SH during the follow-up period.

Discussion

In a large cohort of UK isCGM users, we demonstrate a significant improvement in HbAlc,
hypoglycaemia awareness, DRD, and resource utilisation associated with the achieved follow

up TIR% category.

With the increasing uptake of rtCGM and isCGM, TIR has emerged as a crucial parameter to
monitor and optimise glucose levels in people with diabetes®>”. TIR%, , is destined to become
central to the diabetes consultation given the ease of interpretation for both health care workers
and people living with diabetes. However, the effect of HbAlc on microvascular and
macrovascular complications of diabetes has been extensively studied!'!"!, firmly cementing

its role as a routinely measured outcome in diabetes care. Nonetheless, early studies



investigating the association between TIR and complications in diabetes have shown promising
results. For example, recent studies have shown a positive correlation between improved TIR
and better outcomes for diabetic retinopathy'4, diabetic peripheral neuropathy'® and reduction
in albuminuria'® with improved TIR. Another study!” looked at the association between TIR
and carotid intima-media thickness (CIMT) and showed that those with normal CMIT
maintained a higher TIR as compared to those with lower TIR. Beck et al'8. explored the TIR%
with microvascular outcomes in the DCCT cohort and demonstrated a relationship between
TIR% and both retinopathy and microalbuminuria'®. Given these promising results, there is a
need to investigate the relationship between TIR% and long-term micro and macro-vascular

outcomes.

The ABCD audit studies *** and others studies?!** have previously shown a significant
beneficial effect of isSCGM on glycaemic control, DRD, hypoglycaemia unawareness and
resource consumption in people living with diabetes. Here, we have extended our analysis to
explore the relationship between TIR% and the changes seen in HbAlc, hypo awareness and
acute events in people started on the ISCGM. This study has shown that TIR%<50, TIR% 50-
70 and TIR% >70 corresponds to an average HbAlc of 71.3 mmol/mol 57.3 mmol/mol and
51.2 mmol/mol, respectively. This agrees with previous studies, which show a comparable
association between HbA 1c¢ and TIR%>. Furthermore, the use of regression analysis, adjusted
for baseline covariates, shows that, if the TIR% 50-70 is achieved, we can expect up to -
8.7mmol/mol reduction in HbA 1c following ISCGM initiation. TIR% of >70 is associated with

a -14.1 mmol/mol reduction in HbAlc.

Using the data from the ABCD audit we have previously shown that the use of isSCGM is
associated with a significant reduction in diabetes-related distress when measured by the DDS2
scale?’. We now show that the beneficial effect of isCGM on DRD- is associated by TIR% with

an additional reduction in DRD with incremental improvements in TIR%. The use of isCGM



was associated with improvement in Gold score and hypoglycaemia awareness in the study
population and is also associated with TIR% with a higher TIR% associated with a more

significant reduction in the Gold score.

Several studies 118 2325 have shown the significant benefit of isCGM on resource utilisation in
people living with diabetes. For example, A. Jeyam et.al?® analysed data from the Scottish
diabetes registry and showed a 41% reduction in DKA using isSCGM in the Scottish diabetes
registry. In the present study, we show similar estimates with 43% reductions in hospital
admissions due to hyperglycaemia/DKA. Here we show that participants who achieved a TIR
>50% showed no hypoglycaemia related hospital admissions in the mean 7.9 month follow-up
period and significant reductions in episodes of admissions related to DKA, SH and paramedic
call-outs. These results show the importance of TIR% in improving resource utilisation in

people living with diabetes.

The international consensus on TIR published their recommendation in 2019, and our data,
collected up to December 2021, suggest that these recommendations have still to become
embedded in routine clinical practice, with only 38% of the health care professionals reporting
data which aligned to the recommended 3.9 to 10 mmol/l range. This highlights the need to
increase awareness and encourage wider adoption of international consensus TIR for people
living with diabetes and the health care professionals supporting them. We have shown that a
%TIR of >70% was associated with a more significant improvement in glycaemic control,
diabetes-related distress and resource consumption following isSCGM initiation. However, it is
not always feasible to achieve a TIR% of >70 in some people. It is therefore reassuring that
those who achieved a TIR% of 50-70% also experienced benefits from the isSCGM, including

improvement in HbA Ic, reduced diabetes-related distress and resource utilisation.



Our study has several limitations. Firstly, this was an observational study with no
randomisation arm. Secondly, hospital admissions and SH data may be subject to recall bias.
Next, the follow-up period of this study is 7.9 months, and it remains to be seen if the people
living with diabetes can maintain a stable TIR% with the use of isCGM over long periods and
if the benefits associated with this persist on a more extended follow-up period. A further
limitation was the low reporting of TIR data which aligned with the recommended 3.9-
10mmol/l range. We also see differences in the baseline characsteric in participants who had
follow-up TIR data and those who did not. It is unclear how these differences can affect the
study outcome. Nevertheless, despite the limitations, this is the first real-world study looking
at a comprehensive list of short-term diabetes-related outcomes and provides valuable insights

into the correlation between these outcomes and TIR.

In summary, our study supports the use of international consensus TIR of 3.9-10 mmol/L and
TIR% >70 for optimal glycaemic control, reduction in diabetes-related distress and resource
consumption following isSCGM initiation. To realise the potential benefits, awareness of the
international TIR recommendations will need to be promoted amongst health care

professionals.



Table 1: Baseline clinical and demographic characteristics of the people with and without time in range data

People with no TIR | People with TIR data P-value
data (N=13,177) (N=3,250)
Age (years) median (IQR) 39 (25-54) 42(27-56) <0.001
Sex, % female 6509 (49.4%) 1745 (53.6%) 0.64
Ethnicity
Caucasians 9814 (74%) 2909 (89%) <0.001
All other ethn1c1t1e.s .and no reported 3363(24%) 341 (11%)
ethnicity
Baseline BMI (kg/m?) median (IQR) 25.3(22.2-29.0) 25.5(22.2-29.1) 0.38
Duration of diabetes (years) median 16 (7-19.9) 18 (7-31) <0.001
(IQR)
Type 1 diabetes 12139 (92%) 2990 (92%)
Type 2 diabetes 117 (0.1%) 19 (0.1%) 0.5
Other types of diabetes 921(8%) 241(8%)
Completion of structured education 3462 (26%) 980 (30%) 0.01
Average pre-isCGM HbAlc 68(58-80.6) 66.0(57.0 -76.3) <0.001
(mmol/mol) (%) median (IQR) '
Baseline DDS2 3.03(£1.4) 2.89(£1.4) 0.3
Gold score 2.72(£1.75) 2.65(=1.71) 0.08
>4 Gold score(IAH) 3928 (29%) 825 (25%) 0.4




Table 2: Baseline characteristics of study participants who achieved TIR% of 50-70 (n=439) and TIR% of >70

TIR<50 TIR 50-70 TIR>70

(n=594) (n=439) (n=208) P-value*
Age (years) 38.2(x18.2) 443 (£17.3) 46.3 (£17.7) <0.001
Gender (Female %) 49% 40% 45% 0.59
Baseline BMI (kg/™?) 25.5(£5.9) 26.4(+6.1) 25.9(£5.1) 0.02
Duration of diabetes (years) 15 (7-27) 22 (10-35) 16 (13-33) <0.001
Pre-isCGM HbA 1¢ (mmol/mol) 76.6 (£17.5) 62.8 (£11.8) 61 (£19.6) <0.001
Baseline DDS2 3.1 (£1.3) 2.7 (£1.3) 2.5 (%1.1) <0.001
Baseline Gold score 2.7 (£1.7) 2.9 (£1.6) 2.5 (£1.5) 0.01

*P_yalue from Kruskal-Wallis test

TIR: Time in Range




Table 3: Regression analysis showing independent effects of TIR% categories on follow-up HbAlc, Gold score and DDS in people with Type 1
diabetes

HbAlc* Gold Score** DDS***

Beta(SE) P-value Beta(SE) P-value Beta(SE) P-value
TIR 50-70 -8.9(£0.6) <0.001 -0.17(£0.12) 0.082 0.29 (£0.07) <0.001
TIR >70 -13.9 (£0.8) <0.001 -0.32(£0.15) 0.013 0.40 (+£0.09) <0.001

*Adjusted for age, gender, BMI, baseline HbAlc and duration of diabetes and duration of follow-up
** Adjusted for age, gender, BMI, baseline Gold score and duration of diabetes and duration of follow-up

** * Adjusted for age, gender, BMI, baseline DDS and duration of diabetes and duration of follow-up




Figure 1a and Figure 1b: Correlation between TIR with baseline HbA1c and Post-isCGM HbAlc

Legend Figure 1a and Figure 1b: Figure 1 and Figure 1b show the correlation plots of the TIR with pre isCGM HbA ¢ and post isCGM HbAlc
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Novelty Statement

What is already known?

e Time in range (TIR) is now considered a key measure of therapeutic success in people
living with diabetes, especially, those on insulin treatment.

What this study has found?

e Our study supports the use of international consensus TIR of 3.9—10 mmol/L and TIR%
>70 for optimal glycaemic control, reduction in hypoglycaemia unawareness and
diabetes-related distress and resource consumption following isCGM initiation.

What are the implications of the study?

e To realise the potential benefits of TIR, awareness of the international TIR
recommendations will need to be promoted amongst health care professionals.
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