O’M a h o n ey, L. L., Kie t si ri r oj e, N., P e a r s o n, S., Wes t, D. J.,
H ol m e s , M ., Ajja n, R. A. a n d C a m p b ell, M a t t h e w (2 0 2 1)
E s ti m a t e d gl u c o s e di s p o s al r a t e a s a c a n di d a t e bio m a r k e r fo r
t h r o m b o tic bio m a r k e r s in T1D: a p o ol e d a n alysis. Jou r n al of
E n d o c ri n olo gic al Inv e s ti g a tio n. IS S N 1 7 2 0-8 3 8 6
Do w nlo a d e d fro m: h t t p://s u r e . s u n d e rl a n d . a c . u k/id/ e p ri n t/ 1 3 3 7 6/

U sa g e g uid elin e s
Pl e a s e
r ef e r
to
the
h t t p://s u r e . s u n d e rl a n d. a c. u k/ p olici e s. h t ml
s u r e @ s u n d e rl a n d. a c. u k.

usage
or

g ui d eli n e s
al t e r n a tiv ely

at
contact

Journal of Endocrinological Investigation
https://doi.org/10.1007/s40618-021-01550-3

ORIGINAL ARTICLE

Estimated glucose disposal rate as a candidate biomarker
for thrombotic biomarkers in T1D: a pooled analysis
L. L. O’Mahoney1,2 · N. Kietsiriroje3
M. D. Campbell4,8,9

· S. Pearson4

· D. J. West5,6

· M. Holmes7 · R. A. Ajjan4

·

Received: 7 January 2021 / Accepted: 3 March 2021
© The Author(s) 2021

Abstract
Purpose To determine the utility of estimated glucose disposal rate (eGDR) as a candidate biomarker for thrombotic biomarkers in patients with type 1 diabetes (T1D).
Methods We reanalysed baseline pretreatment data in a subset of patients with T1D from two previous RCTs, consisting of
a panel of thrombotic markers, including fibrinogen, tissue factor (TF) activity, and plasminogen-activator inhibitor (PAI)1, and TNFα, and clinical factors (age, T1D duration, HbA1c, insulin requirements, BMI, blood pressure, and eGDR).
We employed univariate linear regression models to investigate associations between clinical parameters and eGDR with
thrombotic biomarkers.
Results Thirty-two patients were included [mean ± SD age 31 ± 7 years, HbA1c of 58 ± 9 mmol/mol (7.5 ± 0.8%), eGDR
7.73 ± 2.61]. eGDR negatively associated with fibrinogen (P < 0.001), PAI-1 concentrations (P = 0.005), and TF activity
(P = 0.020), but not TNFα levels (P = 0.881). We identified 2 clusters of patients displaying significantly different characteristics; 56% (n = 18) were categorised as ‘higher-risk’, eliciting significantly higher fibrinogen (+ 1514 ± 594 μg/mL; P < 0.001),
TF activity (+ 59.23 ± 9.42 pmol/mL; P < 0.001), and PAI-1 (+ 8.48 ± 1.58 pmol/dL; P < 0.001), HbA1c concentrations
(+ 14.20 ± 1.04 mmol/mol; P < 0.001), age (+ 7 ± 3 years; P < 0.001), duration of diabetes (15 ± 2 years; P < 0.001), BMI
(+ 7.66 ± 2.61 kg/m2; P < 0.001), and lower mean eGDR (− 3.98 ± 1.07; P < 0.001).
Conclusions Compared to BMI and insulin requirements, classical surrogates of insulin resistance, eGDR is a suitable and
superior thrombotic risk indicator in T1D.
Trial registration ISRCTN4081115; registered 27 June 2017.
Keywords eGDR · Type 1 diabetes · Thrombosis · Cluster analysis

Introduction
Insulin resistance in type 1 diabetes (T1D) is an established risk factor for cardiovascular disease [1, 2], retinopathy [3], and premature mortality [4]. The pathological
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plasminogen activator inhibitor-1 (PAI-1) [6]. In contrast,
both T1D [9] and insulin resistance are associated with a
procoagulant plasma profile [10], whereby increased PA1-1
and fibrinogen and reduced tissue plasminogen activator
promotes atherothrombosis [11]. As such, identifying and
treating insulin resistance in people with T1D represents
an important therapeutic goal in reducing thrombotic biomarkers and preventing the development of overt vascular
complications.
However, the gold-standard technique for identifying and
quantifying insulin resistance—the euglycaemic hyperinsulinaemic clamp—is time-consuming and invasive, rendering
it impractical for use in routine clinical settings. Further,
the use of individual clinical parameters in isolation, such
as body mass index (BMI) or insulin dose requirements are
crude indicators of insulin resistance in T1D. An alternative, is the use of estimated glucose disposal rate (eGDR), a
validated marker of insulin resistance [12–14] which uses a
combination of clinical parameters including HbA1c, BMI,
and the presence of hypertension [15]. Research investigating the utility of eGDR has shown this metric to be associated with nephropathy [16] peripheral vascular disease [17],
coronary artery disease [18, 19], and mortality [19] with
lower eGDR values conferring greater risk. In the present
study, we reanalysed data in a subset of patients with T1D
from two RCTs and sought to explore the utility of eGDR as
a candidate biomarker specifically for thrombotic biomarkers. Further, we applied an unsupervised, data-driven cluster
analysis, to establish a novel classification for thrombosis in
our cohort, based on shared commonalities between routine
clinical parameters and thrombotic biomarkers.

Methods
We used data from two previous RCTs (Clinical trial registration: clinicaltrials.gov NCT02595658; ISRCTN registration ISRCTN40811115). Both studies received ethical
approval from local National Health Service Research Ethics Committees (REC reference 14/NE/1183; REC reference
17/NE/0244) and all participants gave written informed
consent.
Detailed information regarding each study has been
published previously [9, 20]. In the present analysis, we
included participants meeting the following inclusion criteria: classical presentation of T1D (including primary
osmotic symptoms, weight loss, hyperglycaemia, ketosis,
insulin initiation at diagnosis); aged 18–50 years; diagnosed
with T1D for a minimum of 5-years on enrolment; treated
on a stable (> 12-months) basal-bolus insulin regimen consisting of rapid-acting insulin analogues lispro or aspart
and basal insulin glargine delivered through multiple daily
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injections or continuous subcutaneous insulin infusion; and
free of diabetes-related complications.
We used baseline pretreatment data across both RCTs.
In both studies, testing procedures were conducted during
a morning-time laboratory visit with patients adopting an
overnight fast (> 10-h). Fasted, rested, venous blood samples were obtained and retrospectively analysed for, tumour
necrosis factor alpha (TNFα; Human TNFα Quantikine
ELISA; R and D Systems, Roche Diagnostics, UK), plasma
fibrinogen (ab108842, Fibrinogen Human ELISA Kit;
Abcam, Japan), tissue factor activity (TF; Human Tissue
Factor activity ab108906; Abcam, UK) and plasminogen
activator inhibitor-1 (PAI-1; Human PAI-1/serpin ELISA
Kit DSE100; R and D systems, UK) using methods previously described [9]; the intra-assay coefficient of variation was < 10% for all biochemical analysis. In addition, we
obtained the following physiological characteristics (age,
duration of diabetes, HbA1c, insulin requirements, BMI,
blood pressure, and eGDR). Blood pressure was assessed
via an automated oscillometric device (Intellisense HEM907XL, Omron, Japan); participants were categorised as
hypertensive if ≥ 140/90mmHG, pre-existing physicians’
diagnosis, or antihypertensive use [21]. eGDR was calculated using a composite of BMI, HbA1c and hypertensive
status using the following formulae: eGDR = 19.02—[0.22
X BMI (kg/m2)]—(3.26 X HTN)—(0.61 X HbA1c (%)],
whereby HTN is hypertension (1 = yes, 0 = no). eGDR was
used as a diagnostic criterion for insulin resistance with
lower eGDR values conferring greater degrees of insulin
resistance [15].

Statistical analysis
Data were analysed using SPSS Statistics version 25 (IBM
SPSS Statistics 25, IBM Corporation, USA) and checked
for normality using Shaprio–Wilk’s test with a cut-point
0.05. Descriptive characteristics of the study population
are presented as mean ± SD for continuous variables and
as frequency (%) for categorical variables; 95% confidence
intervals (CIs) and β coefficients are presented where relevant. To assess the association between clinical parameters
and eGDR, a Pearson correlation coefficient matrix was
employed. Univariate linear regression models were used to
investigate the associations between clinical parameters and
thrombotic biomarkers. To categorise and group individuals
based on shared clinical and biochemical characteristics, we
utilised two-step clustering with complete data available for
continuous variables. In this unsupervised approach, the first
step estimates the optimal number of clusters on the basis
of silhouette width and the second step is based on Bayesian hierarchical clustering. In this application, the method
partitions clinical characteristics based on their abundance/
magnitude in the individuals, and partitions individuals
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based on the abundance/magnitude of their characteristics.
The optimal number of clusters was determined to be 2. We
use standardised Z scores of variables and log-likelihood
as a distance measure and Schwarz’s Bayesian criterion for
clustering. Only continuous variables were included as the
k-means method does not accommodate binary categorical
variables. Cluster labels were assigned by examining cluster
variable means. Differences between dichotomised variables
were assessed with independent t-tests. Statistical significance was set at P < 0.05 for all analyses.

Results
Baseline characteristics of patients included in the present analysis are shown in Table 1. In summary, the 32
T1D males had a mean age of 31 ± 7 years, HbA1c of
58 ± 9 mmol/mol [7.5 ± 0.8%], and a mean eGDR value of
7.73 ± 2.61. Figure 1 shows individual patient clinical profiles ranked by eGDR. To determine whether, and identify
which, clinical parameters may serve as candidate biomarkers for a thrombotic biomarker profile, we applied a Pearson correlation coefficient matrix across variables (Fig. 2).
eGDR was negatively correlated with fibrinogen (r = − 0.69;
P < 0.001), PAI-1 concentrations (r = − 0.67; P = 0.005),
and TF activity (r = − 0.36; P = 0.020), but not TNFα levels
(r = − 0.19; P = 0.881). HbA1c, BMI, age, diabetes duration,
and insulin requirements were positively correlated with
Table 1  Baseline characteristics of patients
Clinical parameters
Age (years)
BMI (kg/m2)
Egdr
Hypertension (%)
HbA1c [mmol.moL (%)]

31 ± 7 [21–50]
26.03 ± 4.82 [20–38]
7.73 ± 2.61 [2.12–10.72]
31
57.97 ± 8.85 (7.45 ± 0.81)
43.17–72.64 (6.10–8.80)
Diabetes duration (years)
17 ± 9 [4–42]
Total daily insulin requirements (IU) 42 ± 2 [83–8]
Rapid-acting insulin requirements
9 ± 3 [4–16]
(IU)
Insulin apart users (%)
63
Vascular and inflammatory parameters
TNFα (pg/mL)
4.28 ± 1.05 [2.30–6.01]
Fibrinogen (μg/mL)
2221 ± 1238 [300–5060]
TF activity (pmol/mL)
108.93 ± 52.20 [11.26–219.52]
PAI-1 (pmol/dL)
12.33 ± 7.50 [4.48–30.09]
Metric variables presented as mean ± SD [Range]; categorical data
presented as frequency (%)
eGDR estimated glucose disposal rate, TF activity tissue factor activity, PAI-1 Plasminogen activator inhibitor-1, TNFα tumour necrosis
factor alpha

thrombotic biomarkers (Fig. 2). The relationship between
thrombotic biomarkers and clinical characteristics was further examined using univariate regression analysis (Table 2).
eGDR, HbA1c, BMI, age, diabetes duration, and insulin
requirements were significantly associated with fibrinogen,
TF activity, and PAI-1 concentrations, with eGDR providing the strongest association across the range of thrombotic
biomarkers (Table 2). Multivariate modelling to assess for
the contribution of the relationship between significant associations could not be performed due to the small numbers
of this study.
To identify whether clinical profiles could be used to classify patients into novel diabetes subgroups, we used a twostep clustering method with the complete data available for
continuous clustering variables. Figure 3 shows the cluster
characteristics for cluster 1 and 2. Cluster 2, including 44%
(n = 14) of the patients, was characterised by increased levels
of vascular inflammatory proteins: fibrinogen, TF activity,
PAI-1, and their mediator TNFα, a higher HbA1c, older age,
a greater duration of diabetes, and increased BMI, and lower
eGDR. These data imply that patients with a lower eGDR,
a proxy of insulin resistance, concomitantly express raised
levels of thrombotic biomarkers associated with adverse
vascular health. To explore this hypothesis, we stratified
patients according to their cluster allocation and performed
independent t-tests on individual clinical parameters and
thrombotic biomarkers (Fig. 4). Clinical parameters and
thrombotic biomarkers of patients stratified by cluster allocation can found in Online Resource 1. Notably, cluster 2,
was categorised as a ‘higher-thrombotic profile’ group, with
individuals eliciting significantly higher mean fibrinogen
(cluster 1: 1559 ± 689 vs. cluster 2: 3073 ± 1283 μg/mL;
P < 0.001), TF activity (cluster 1: 83.01 ± 39.20 vs. cluster 2:
142.24 ± 48.62 pmol/mL; P = 0.001), and PAI-1 (cluster 1:
8.62 ± 5.53 vs. cluster 2: 17.10 ± 7.11 pmol/dL; P = 0.001),
HbA1c concentrations (cluster 1: 51.76 ± 5.72 vs. cluster
2: 65.96 ± 4.68 mmol/mol; P < 0.001). Further, cluster 2,
elicited a significantly higher mean age (cluster 1: 28 ± 5
vs. cluster 2: 35 ± 7 years; P = 0.002), greater mean duration of diabetes (cluster 1: 10 ± 5 vs. cluster 2: 25 ± 7 years;
P < 0.001), a higher mean BMI (cluster 1: 22.68 ± 1.51 vs.
cluster 2: 30.34 ± 4.12 kg/m2; P < 0.001), and a lower mean
eGDR (cluster 1: 9.47 ± 1.16 vs. cluster 2: 5.49 ± 2.23;
P < 0.001).

Conclusions
In the present study, we examined, for the first time, the
association between eGDR, a validated surrogate marker
of insulin resistance, and thrombotic biomarkers in patients
with T1D. Our findings suggest eGDR to be a suitable indicator of a prothrombotic profile, and superior to BMI and
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Fig. 1  Individual patient
clinical profiles (y axis) ranked
by eGDR (normalised data).
eGDR, estimated glucose
disposal rate; TF activity,
Tissue Factor activity; PAI-1,
Plasminogen Activator Inhibitor-1; TNFα, Tumour Necrosis
Factor alpha

insulin requirements which are classical surrogates of insulin
resistance.
Whereas, previous attempts to assess the relationship
between eGDR and vascular health have focused on established microvascular complications [22], to the best of our
knowledge, this is the first study that has aimed to assess
whether, and which, clinical characteristics may serve as
candidate biomarkers specifically for a heightened thrombotic profile in the absence of established microvascular
complications. Consequently, our data lend support to the
use of eGDR as a tool for identifying T1D patients with a
procoagulant profile prior to the presentation of overt vascular complications. Further, established risk factors for
complications in T1D, namely HbA1c, age, and disease
duration [23–25] were also found to be associated with an
adverse thrombotic profile in this group of relatively young,
and well-controlled T1D adults. In addition to these classical risk factors, we propose that eGDR may serve as a
useful clinical tool for targeting individuals requiring closer
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monitoring for early atherothrombosis and potential intervention for insulin resistance.
As our data imply that patients with a lower eGDR,
older age, longer duration of diabetes, and higher insulin requirements, concomitantly express a procoagulant
profile, a logical extension of the present study was to
establish whether it was possible to classify patients based
on shared commonalities in clinical characteristics and
thrombotic biomarkers. To this end, we applied an unsupervised, data-driven cluster analysis to establish a novel
classification for an elevated thrombotic profile in T1D.
Importantly, we used variables reflective of key aspects
of diabetes management that can be easily obtained and
monitored in patients, and thus this clustering can implemented in both existing diabetes cohorts and patients in
diabetes clinics. Within the ‘higher-thrombotic profile’
cluster, circulating concentrations of fibrinogen, TF activity, and PAI-1 were on average ~ twofold higher than levels exhibited by patients in the ‘lower-thrombotic profile’

eGDR

Hypertension

BMI (kg/m2)

HbA1c (mmol/mol)

Insulin requirements (IU)

Diabetes duration (years)

Age (years)

PAI-1 (pmol/dL)

TF activity (pmol/mL)

Fibrinogen (µg/mL)

Fig. 2  Pearson correlation
coefficient matrix illustrating the association between
baseline patient characteristics
and eGDR. Pearson correlation
coefficients (r) are highlighted
in white text. eGDR, estimated
Glucose Disposal Rate; TF
activity, Tissue Factor activity;
PAI-1, Plasminogen Activator
Inhibitor-1; TNFα, Tumour
Necrosis Factor alpha

TNF (pg/mL)
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0.40 1.00 0.25 0.21 0.47 -0.14 0.46 0.41 0.30

PAI-1 (pmol/dL) -0.67 0.15

0.60 0.25 1.00 0.44 0.64 -0.29 0.53 0.49 0.20

Age (years) -0.64 0.12

0.55 0.21 0.44 1.00 0.66 -0.06 0.57 0.65 0.48

Diabetes duration (years) -0.75 0.25

0.64 0.47 0.64 0.66 1.00 -0.45 0.70 0.69 0.44

Insulin requirements (IU)

0.5

0

0.14 -0.40 -0.13 -0.14 -0.29 -0.06 -0.45 1.00 -0.28 -0.17 -0.10

HbA1c (mmol/mol) -0.75 0.19

0.58 0.46 0.53 0.57 0.70 -0.28 1.00 0.77 0.47

BMI (kg/m2) -0.84 0.03

0.57 0.41 0.49 0.65 0.69 -0.17 0.77 1.00 0.88

Hypertension -0.49 -0.14 0.30

cluster. This was accompanied by ~ twofold lower eGDR
score in the ‘higher-thrombotic profile’ cluster [eGDR:
cluster 1 (lower-thrombotic profile) ~ 5.5 vs. cluster 2
(higher-thrombotic profile) ~ 9.5] which is characteristic of
a ‘double diabetes’ phenotype [15]—a cohort at increased
cardiovascular risk [14]. For example, in a large longitudinal cohort study, Nyström and colleagues [14] recently
demonstrated an eGDR of eight or less to be associated
with an increased risk of cardiovascular disease or death
in individuals with T1D compared to individuals with an
eGDR greater than eight where survival rates were identical to a matched reference population.
It is well established that an enhanced thrombotic environment contributes to poor clinical outcomes in patients
with diabetes [26]. TF activity levels are increased in people with diabetes, which upregulates production of thrombin accelerating the risk of clot formation [6]. Moreover,
raised fibrinogen concentrations, reflective of chronic lowgrade inflammation contributes to the formation of denser
clots, and increased PAI-1 levels impair the fibrinolytic
process [6]. Previous in vitro and in vivo studies have
shown that individuals with type 2 diabetes, but not necessarily T1D exhibit increased PAI-1 levels suggesting
that insulin resistance rather than just hyperglycaemia per

1.0

0.30 0.20 0.48 0.44 -0.10 0.47 0.88 1.00

-0.5

-1.0

se, promotes increased antifibrinolytic protein production
[27]. This would suggest that targeting insulin resistance
specifically, and not just glycaemia, may have an important
effect on PAI-1 levels. PAI-1 levels in our patients were,
on average comparable to previous reports in complication-free T1D individuals [28]. However, we observed
a large range in PAI-1 levels between our patients, with
some individuals exhibiting levels similar to patients with
type 2 diabetes [29]. Taken collectively, our findings highlight a large degree of heterogeneity in the presentation
of thrombotic biomarkers between T1D patients, which
highlights the complexities involved in the management
of elevated thrombotic profiles in this patient group and
questions the appropriateness of managing T1D uniformly.
From this initial exploratory study, we cannot at this
stage claim that the clusters present different and distinct
phenotypes of T1D, or that the clustering applied herein is
the optimal classification of an elevated thrombotic profile
across the spectrum of T1D. Future prospective studies
with larger cohorts should focus attempts on addressing
this aim to refine stratification through the inclusion of
additional cluster variables, such as genotypes, or genetic
risk scores, and, to establish whether patients can move
between clusters in response to therapy or intervention,
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Table 2  Linear regression analysis of thrombotic biomarkers with clinical parameters
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Fig. 3  Cluster characteristics. Variables are presented as standardised Z scores. eGDR, estimated Glucose Disposal Rate; TF activity, Tissue
Factor activity; PAI-1, Plasminogen Activator Inhibitor-1; TNFα, Tumour Necrosis Factor alpha

and apply resampling methods to derive the significance
of identified groups. Limitations of this work include not
screening for C-peptide or autoantibodies and therefore we
cannot rule out the possibility of a T1D misdiagnosis [i.e.
maturity on the basis of classical presentation (including
primary osmotic symptoms, weight loss, hyperglycaemia,

ketosis, insulin initiation at diagnosis)], and our relatively
limited sample consisting of relatively young well-controlled patients.
In conclusion, our findings suggest eGDR to be a suitable tool for routine clinical practice for identifying T1D
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◂Fig. 4  Patient characteristics stratified by cluster allocation. White

circles = cluster 1; black circles = cluster 2. Statistically significant
differences between clusters calculated using independent t-tests. *
denotes P < 0.05; ** denotes P < 0.01; *** denotes P < 0.001. eGDR
estimated glucose disposal rate, TF activity tissue factor activity, PAI1 plasminogen activator inhibitor-1, TNFα tumour necrosis factor
alpha

patients with a procoagulant profile prior to the presentation of overt vascular complications.
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