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Abstract

Background and aim: We hypothesised that the detrimental effect of high glucose
variability (GV) in people with type 1 diabetes is mainly evident in those with
concomitant insulin resistance.

Materials and methods: We conducted secondary analyses on continuous glucose
monitoring (CGM) from three randomised controlled trials and assessed the
relationship with established vascular markers. Cluster analysis was employed to
establish three GV clusters and the relationship with thrombotic biomarkers was
investigated according to insulin resistance, assessed as estimated Glucose Disposal
Rate (eGDR).

Results: Of 107 patients, 48, 40, and 19 patients were assigned into low, intermediate,
and high GV clusters, respectively. Thrombosis biomarkers increased in a stepwise
fashion across all three GV clusters; this increase in thrombosis markers was evident
in the presence of low but not high eGDR.

Conclusion: Higher GV is associated with increased thrombotic biomarkers in type 1

diabetes but only in those with concomitant insulin resistance.
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1 Introduction

The association between long-term glucose control, as assessed by HbAlc,
and risk of vascular complications in type 1 diabetes is well established.[1] While
HbAlc reflects an average glucose level over an approximate period of 3 months, it
fails to capture glucose variability (GV) which some studies have shown to associate
with adverse vascular outcome.[2] In addition to glycaemia, both microvascular and
macrovascular complications show an association with insulin resistance (IR) in
people with type 1 diabetes.[3] Higher insulin doses used in type 1 diabetes individuals
with IR may predispose to greater glucose fluctuations, implicating GV, in the presence
of IR, a potential pathogenic mechanism for increased vascular complications.
However, accurate assessment of IR requires clamp studies that are invasive and
difficult to perform in routine practice. Alternatively, estimated glucose disposal rate
(eGDR) is emerging as a practical alternative [4] particularly given its association with
clinical outcomes in this population.[5] In this study we tested the hypothesis that GV
is associated with an adverse vascular profile in type 1 diabetes in the presence of IR,

measured as eGDR.

2 Materials and methods

2.1 Study population

This study consisted of data from three randomised controlled trials (RCTS)
conducted by our group (Clinical trial registration: NCT02595658; ISRCTN40811115;

ISRCTN13641847). Each RCT received ethical approval from local National Health
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Service Research Ethics Committees (REC reference: 14/NE/1183, 17/NE/0244,

20/LO/0650) and written informed consent was obtained from all participants.

We included participants that met inclusion criteria as described previously [6,
7] including classical presentation of type 1 diabetes; aged 18-50 years; diabetes
duration of >5-years; treated on a stable (>12-months) basal-bolus insulin regimen
delivered through multiple daily injections or continuous subcutaneous insulin infusion;

and no established diabetes-related complications.

2.2 Data Collection and Study Procedures

We used baseline pre-treatment data across each RCT. we obtained the
following physiological characteristics: age, duration of diabetes, HbAlc, insulin
requirements, BMI, blood pressure. Participants were categorised as hypertensive if
>140/90mmHg, pre-existing physicians’ diagnosis, or prescribed antihypertensive
drugs. Overnight fasting venous blood samples were obtained and analysed plasma
levels of tumour necrosis factor alpha (TNF-a; Human TNF-a Quantikine ELISA; R&D
Systems, Roche Diagnostics, UK), fibrinogen (ab108842, Fibrinogen Human ELISA
Kit; Abcam, Japan), tissue factor activity (TF; Human Tissue Factor activity ab108906;
Abcam, UK) and plasminogen activator inhibitor-1 activity (PAI-1; Human PAI-1/serpin
ELISA Kit DSE100; R&D systems, UK) were measured using methods previously

described.[6] Intra-assay coefficient of variation was <10% for all biochemical analysis.

eGDR was calculated using a composite of BMI, HbAl1c and hypertensive status
using the following formulae: eGDR = 19.02 — (0.22 X BMI [kg/m?) — (3.26 X HTN) —

(0.61 X Hbalc [%]), whereby HTN is hypertension (1 = yes, 0 = no).[5, 8]
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The definitions of continuous glucose monitoring (CGM)-derived glucose metrics
(Medtronic Minimed, Northridge, CA, USA, and LibrePro, Abbott, UK) including time-
in-range (TIR), within-day coefficient of variation (CV), and within-day standard

deviation (SD) were described in Appendix A.[9]

2.3 Statistical analysis

Data were analysed using SPSS (IBM SPSS Statistics 25, IBM Corporation,

USA). Statistical significance was set at P<0.05 for all analyses.

As CGM-derived glucose metrics were inter-correlated, we analysed the
combined effect of CGM-derived glucose metrics to optimise the GV signal by
employing a data-driven cluster analysis with complete data available for TIR, SD, and
CV, with the number of clusters predefined to 3 in order to allocate patients to one of
three classifications: low-GV, intermediate-GV, or high-GV. These glucose metrics
(TIR, SD and CV) were selected by the computerised model named ‘Principle
Component Analysis’. The characteristics of each GV cluster in the final model were
presented in Appendix B.2. This process enables assessment of the covariance
structure or interactions between CGM-derived metrics, and better captures an overall
GV signature, which may otherwise be underestimated in analyses evaluating single

metrics.

To compare the differences in thrombosis biomarkers within and between GV
clusters a Mann-Whitney U test was applied with further analysis by eGDR tertiles. A
generalised linear regression model with gamma distribution and log link function was

used to adjust relevant confounders (age, sex, diabetes duration, BMI, and HbA1c).
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3 Results

Characteristics of the study population are presented in Appendix B.1. Data from
107 patients were included in this reanalysis featuring ~>200,000 individual glucose
measurements. A data-driven cluster analysis assigned patients into low (n=48),
intermediate (n=40), and high-GV clusters (n=19) reflecting distinct glycaemic
signatures (Appendix B.2). The high-GV cluster was characterised by a longer
diabetes duration and lower eGDR (with higher BMI and HbAlc) compared to
intermediate-GV and low-GV, respectively. Levels of thrombosis biomarkers
increased in a stepwise fashion across all three GV clusters with the increase in
thrombosis markers evident in the presence of low, but not high eGDR, and at an
eGDR threshold of <5.1 mg/kg/min. These findings remained robust when adjusting
for potential confounders (Figure 1 and Appendix C) and when assessing the potential

mediating impact of hypoglycaemia and hyperglycaemia (Appendix D).

4 Discussion

For the first time we show that increased GV is associated with elevated levels of
established vascular markers, including fibrinogen, PAI-1, TF activity and TNF-a but
only when eGDR is less than 5.1 mg/kg/min. Moreover, the effects of GV on
inflammatory/thrombotic markers appear to be independent of the effects of
hypoglycaemia and hyperglycaemia, which is important to acknowledge given

potential associations between GV and low glucose levels.[10]

The detrimental effect of GV in predisposition to diabetes-related vascular
complications in people with type 1 diabetes remains controversial.[2] Secondary

analyses from the landmark DCCT and DCCT/EDIC studies failed to demonstrate a

7
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convincing relationship between short-term, self-monitoring blood glucose (SMBG)-
derived GV metrics and microvascular outcomes.[11] However, this may be due to
“partial” glycaemic data provided by SMBG, giving an incomplete picture of GV.
However, it may also be related to the study of a newly diagnosed group of type 1

diabetes with limited prevalence of IR.

Unlike the secondary analyses from DCCT study, a number of small CGM studies
have shown associations of GV with microvascular complications, including cardiac
autonomic neuropathy, nocturnal heart rate variability, peripheral nerve axonal
dysfunction, and retinal thickening/neurodegeneration.[2] Moreover, patients in these
CGM studies tended to be older in age and have a longer diabetes duration and thus

more likely to present with IR.

It is well accepted that IR is associated with a prothrombotic and proinflammatory
environment, explaining elevated levels of fibrinogen and PAI-1 in individuals with
T2D.[12] We have recently shown, in a small study including 32 type 1 diabetes
patients, that IR, measured as eGDR, is associated with thrombo-inflammatory
vascular markers.[13] These biomarkers, PAI-1 in particular, may be intermediary
factors contributing to developing microvascular complications.[14] In the current
study, and using a significantly larger number of type 1 diabetes individuals, we
demonstrate an inverse correlation between eGDR and vascular biomarkers,
irrespective of GV clusters. When the relationship between GV and these biomarkers
was analysed, a clear association was found only in those with eGDR <5.1 mg/kg/min.
This implies an interaction between GV, eGDR, and vascular markers, suggesting that

GV in type 1 diabetes is detrimental only in the presence of IR. These finding were
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robust following adjusting for age and diabetes duration, indicating that our results may

be independent to the length of dysglycaemic exposure.

Strengths of the current study is the number of individuals analysed and presence
of complete clinical and CGM data sets. However, there are several limitations to
acknowledge, including the use of two different CGM devices and relatively short
period of CGM capture. Owing to the cross-sectional nature of the work, it was not
possible to investigate the causative relationship between GV, IR, and adverse

vascular markers and/or clinical outcomes.

5 Conclusion

Collectively, our data suggests that the independent adverse vascular effects of
GV are only evident in the presence of IR in individuals with type 1 diabetes. Moreover,
the relationship between GV and vascular markers is not related to hypoglycaemia.
This is an important finding as the vascular effects of GV and hypoglycaemia can be
difficult to disentangle given the association between these two glycaemic markers.
While our data are not conclusive, they provide a solid foundation to explore the clinical
longitudinal role of GV in vascular complications in insulin resistant individuals with
type 1 diabetes, which may have important implications for the future glycaemic

management of these patients.
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8 Figure legend

Figure 1 Thrombosis biomarkers by glucose variability (GV) clusters in
conjunction with tertiles of estmated glucose disposal rate (eGDR). A) tumour
necrosis factor-alpha, B) fibrinogen, C) tissue factor activity, D) plasminogen
activators inhibitor-1. Red boxplot eGDR <5.1 mg/kg/min, yellow boxplot eGDR 5.1
to <8.7 mg/kg/min, blue boxplot eGDR >8.7 mg/kg/min. *p<0.05, **p<0.01 Mann-
Whiney U test.
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