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longitudinal association with coronary artery
disease in type 1 diabetes. Does it matter?

Stefan Mutter'??, Erika B. Parente'??, Andrzej S. Januszewski**, Johan R. Simonsen'??, Valma Harjutsalo'??,
Per-Henrik Groop'**%”", Alicia J. Jenkins>’" and Lena M. Thorn"#" on behalf of the FinnDiane Study Group

Abstract

Background Insulin resistance and chronic kidney disease are both associated with increased coronary artery
disease risk. Many formulae estimating glucose disposal rate in type 1 diabetes infer insulin sensitivity from clinical
data. We compare associations and performance relative to traditional risk factors and kidney disease severity
between three formulae estimating the glucose disposal rate and coronary artery disease in people with type 1
diabetes.

Methods The baseline glucose disposal rate was estimated by three (Williams, Duca, and Januszewski) formulae
in FinnDiane Study participants and related to subsequent incidence of coronary artery disease, by baseline kidney
status.

Results In 3517 adults with type 1 diabetes, during median (IQR) 19.3 (14.6, 21.4) years, 539 (15.3%) experienced

a coronary artery disease event, with higher rates with worsening baseline kidney status. Correlations

between the three formulae estimating the glucose disposal rate were weak, but the lowest quartile of each
formula was associated with higher incidence of coronary artery disease. Importantly, only the glucose disposal

rate estimation by Williams showed a linear association with coronary artery disease risk in all analyses. Of the three
formulae, Williams was the strongest predictor of coronary artery disease. Only age and diabetes duration were
stronger predictors. The strength of associations between estimated glucose disposal rate and CAD incidence varied
by formula and kidney status.

Conclusions In type 1 diabetes, estimated glucose disposal rates are associated with subsequent coronary
artery disease, modulated by kidney disease severity. Future research is merited regarding the clinical usefulness
of estimating the glucose disposal rate as a coronary artery disease risk factor and potential therapeutic target.

Keywords Insulin resistance, Type 1 diabetes mellitus, Coronary artery disease, Cardiovascular diseases, Kidney
disease
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Background

Insulin resistance, commonly observed in type 2 diabe-
tes, can also occur in people with type 1 diabetes [1]. This
is sometimes referred to as ‘double diabetes; and is char-
acterised by the presence of components of the metabolic
syndrome, such as adiposity, hyperglycaemia, hyper-
tension, and dyslipidaemia [2], and is associated with a
higher risk of micro- and macrovascular complications
and death [3-6]. A definition of the metabolic syndrome
has been agreed upon by an international consensus
group, but notably, this definition is not specific for peo-
ple with type 1 diabetes [7]. Whilst the gold standard
method of quantifying insulin sensitivity, the euglycae-
mic hyperinsulinaemic clamp [8] is not feasible in large
studies or in clinical practice. Many formulae using clini-
cally available variables have been developed to estimate
insulin sensitivity, such as the estimated glucose disposal
rate (eGDR) [9-13]. These equations have been derived
from clamp studies in several dozens of people with type
1 diabetes, usually adults, without or with only a few with
chronic complications, potentially limiting generalis-
ability. Furthermore, validation of eGDR calculated from
these formulae and GDR measured in independent clamp
studies showed rather weak correlations, with r<0.3 [10,
11, 14]. Nevertheless, eGDR calculated from some for-
mulae have been shown to be associated with subsequent
diabetic kidney disease [4, 15, 16], diabetic retinopathy
[4], cardiovascular disease [15, 17], and mortality [18]
in people with type 1 diabetes. We are not aware of any
publications that have evaluated more than one eGDR
formulae in relation to subsequent chronic diabetes com-
plications, nor evaluated eGDR performance according
to diabetic kidney disease status.

We aim, thus, to compare three eGDR formulae [10-
12] that are based on the three available clamp stud-
ies performed in adult Caucasians with type 1 diabetes,
and assess their relationship with subsequent incidence
of coronary artery disease (CAD) over a long follow-up
in a large cohort of adults with type 1 diabetes, includ-
ing evaluating eGDR formulae performance according to
baseline kidney disease severity.

Methods

Study participants

All participants are from the FinnDiane Study, an ongo-
ing, multicentre, observational, Finnish study founded
in 1997, including 77 study centres (Additional file 1:
Table S1), which aims to discover clinical, genetic, and
environmental risk factors for micro- and macro-vas-
cular complications of type 1 diabetes [2]. We included
3517 participants with type 1 diabetes, defined as age
of diabetes onset<40 years and insulin treatment from
within 1-year of diagnosis who had their baseline visit
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before the end of 2017 (median 2000, IQR 1998, 2002).
We excluded individuals with pre-existing (pre-baseline)
cardiovascular events, including myocardial infarc-
tion, coronary revascularisation, stroke, amputations, or
peripheral artery revascularisation, as well as those with
kidney replacement therapy or an estimated glomeru-
lar filtration rate (eGFR)<15 ml/min/1.73 m? We fur-
ther excluded individuals with missing data required for
eGDR calculation by the three formulae of interest.

Baseline clinical characteristics were as previously
described [2]. Anthropometrics: weight in light clothing
to the closest 0.1 kg, height to the closest one cm, waist
circumference midway between lowest ribs and iliac crest
and hip circumference at widest part of gluteal region,
both to closest 0.5 cm; blood pressure (BP): the mean of
two measures of systolic and diastolic BP taken seated
after ten minutes rest; medical history: including history
of diabetes and its complications, current medications,
insulin pump use, and lifestyle by validated question-
naires; clinical chemistry: venous blood for creatinine,
HbA,, lipids, and lipoproteins; kidney status: eGFR
calculated by chronic kidney disease epidemiology col-
laboration equation [19], albuminuria status based on
albumin excretion rate (AER) in two out of three urine
collections classified as: normal AER (<20 pg/min
or <30 mg/24 h), moderately increased albuminuria (20—
200 pg/min or 30-300 mg/24 h), or severely increased
albuminuria (>200 pg/min or>300 mg/24 h). Diabetic
kidney disease severity as per Kidney Disease: Improv-
ing Global Outcomes (KDIGO) risk categories: low risk
(normal AER and eGFR>60 ml/min/1.73 m? N=2513),
moderately increased risk (normal AER and eGFR
45-59 ml/min/1.73 m?, or moderately increased albumi-
nuria and eGFR > 60 ml/min/1.73 m? N=516), as well as
high (N=251) and very high risk (N=237) (normal AER
and eGFR<45 ml/min/1.73 m? moderately increased
albuminuria and eGFR <60 ml/min/1.73 m? or severely
increased albuminuria irrespective of eGFR) [20]. Due to
relatively low numbers, the high and very high KDIGO
risk groups were combined.

eGDR and the metabolic syndrome
eGDR was estimated by three formulae for adult
Caucasians:

1. Modified Williams formula: The original for-
mula [12], modified for use of HbA, vs. HbA,
[2]. eGDR =24.4—(12.97*WHR)-(3.39*AHT)—
(0.60*HbA,. [%]), where WHR=waist-to-hip ratio
and AHT =antihypertensive treatment and/or
BP >140/90 mmHg (yes=1; no=0).

2. Duca formula: The best fit formula without adi-
ponectin by Duca et al. [10]: eGDR=exp[4.1075-
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(0.01299*waist circumference [cm])-(1.05819*daily
insulin dose per body weight [IU/kg]—(0.31327*tri-

glycerides [mmol/L])—(0.00802*diastolic BP
[mmHg]).

3. Januszewski formula [11]:
eGDR=6.6743 + (6.1818*sex [Woman =0;

Man=1]) +(0.0708*age [years]) + (7.4104*HDL
cholesterol ~ [mmol/L])—(0.1692*pulse ~ pressure
[mmHg])—(0.0894*serum creatinine [pmol/L]).

Insulin resistance was defined as the lowest quartile
of eGDR by each formula in this study [21]. In addition,
suggested eGDR cut-offs from the literature of four, six,
and eight mg/kg/min [18], with numbers lower than
these values being regarded as insulin resistant, have also
been evaluated in relationship to incident CAD. The met-
abolic syndrome, as a categorical variable was as defined
according to the Joint Statement criteria [7].

Coronary artery disease (CAD)

CAD events (N=539) were identified for all partici-
pants until the end of 2020 from the Finnish Care Reg-
ister for Health Care, Finnish Institute for Health and
Welfare, and from the death registry, Statistics Finland.
CAD was defined as first coronary artery disease event
of acute myocardial infarction (ICD (international clas-
sification of diseases)-8/9: 410 and 412; ICD-10: 121-
23), coronary revascularisation (NOMESCO (Nordic
Medico-Statistical Committee) Classification of Surgical
Procedures: codes FNA (Connection to coronary artery
from internal mammary artery), FNB (Connection to
coronary artery from gastroepiploic artery), FNC (Aorto-
coronary venous bypass), FND (Aorto-coronary bypass
using prosthetic graft), FNE (Coronary bypass using free
arterial graft), FNF (Coronary thromboendarterectomy),
ENG (Expansion and recanalisation of coronary artery),
TFN40 (Catherisation of heart with balloon widening
of coronary vessels), FN1AT (Endovascular dilatation
of coronary arteries), FN1BT (Extensive endovascular
dilatation of coronary arteries), FN1YT (Percutaneous
insertion of coronary artery stent), and FN2 (Other pro-
cedures on coronary arteries)), or CAD as immediate
or underlying cause of death (ICD-9: 410-414; ICD-10:
120-125). Individuals were followed up for at least half a
year until their first CAD event, death, or until the end of
2020 for a median of 19.3 years (IQR 14.6, 21.4) years, in
total 59,501 person-years of follow-up.

P-values for normally distributed continuous variables
were calculated using a t-test, for non-normally distrib-
uted continuous variables a Mann—Whitney test, and for
categorical variables a x* test. P-values to compare more
than two groups were calculated using a Kruskal—Wallis
test. Correlations between eGDR scores were estimated
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by Spearman correlation coefficients. Kaplan—Meier sur-
vival curves were constructed by quartiles of all eGDR
scores and for the presence of the metabolic syndrome.
Time-to-event analyses with CAD as outcome were
performed using Cox proportional hazard regression
models [22]. The proportional hazard assumption was
tested based on Schoenfeld residuals and if violated we
restricted the follow-up to 15 years as the hazards were
proportional up to that time. As the different formu-
lae use different variables to calculate eGDR, we did not
adjust the analyses with further covariates to ensure a fair
comparison. As the cohort was selected in a way to avoid
any missing information, there was no need to address
missing information. When eGDR scores were modelled
as a continuous variable, we tested for linearity using
the Wald test and if indicated modelled the relationship
with cubic splines. Martingale residuals were assessed,
and variables were log transformed when necessary. The
performance of the three formulae and all their compo-
nents on predicting CAD were compared using the Har-
rell C-Index. The analyses were repeated on three subsets
of individuals with varying KDIGO status: low, moderate
and those with a high or a very high status combined in
one set. All analyses were performed in R (R Core Team
version 4.2.2, Vienna, Austria).

Results

Baseline characteristics

Demographics are provided in Table 1, including a subdi-
vision by subsequent CAD status. From 3517 FinnDiane
Study participants, 539 experienced a CAD event dur-
ing the 19-year follow-up. At baseline those who sub-
sequently developed CAD vs. those who did not, were
older, had longer diabetes duration, higher BP, higher
BMI and waist height ratio, higher triglycerides, total
and LDL cholesterol concentrations, lower HDL choles-
terol concentrations, and were more likely to be in the
KDIGO category high or very high. Additionally, they
were more likely to have the metabolic syndrome, lower
eGDR scores, to be on antihypertensive and lipid-lower-
ing drugs, and more likely to have a history of smoking.
Insulin pumps were used by 3.5 vs. 6.3% of those who did
vs. did not develop CAD respectively (p=0.02).

Comparison of insulin resistance by eGDR formulae’s
lowest quartile and metabolic syndrome

There was little overlap in the number of insulin-
resistant individuals when defined as being in the lowest
quartile in each of the eGDR formulae (Additional
file 1: Fig. S1). The frequency of the metabolic
syndrome in participants considered insulin-resistant,
i.e., the lowest quartile of eGDR by the Williams, Duca,
and Januszewski eGDR formulae, was 64, 71, and 64%,
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Table 1 Baseline clinical characteristics with and without incident coronary artery disease during follow-up
Missing N No incident CAD Incident CAD p-value
N=2978 N=539

Men, % - 4846 51.39 0.227
Age, years - 35.21(10.89) 4457 (10.79) <0.001
Diabetes duration, years - 19.00 (11.16) 29.13 (10.97) <0.001
Onset age, years - 16.20 (9.33) 1543 (8.93) 0.076
Onset before 10 years of age, % - 2848 31.54 0.164
Onset before 5 years of age, % - 9.70 11.50 0.229
HbA,, % - 8.33(145) 8.80(141) <0.001
HbA, ., mmol/mol - 67.55 (15.88) 72.65 (15.4) <0.001
HbA,  below 7%, % - 15.55 6.31 <0.001
Insulin dose, IU/kg - 0.69 (0.55, 0.85) 0.65 (0.52,0.78) <0.001
Insulin pump use, % 1 6.28 3.53 0.016
Systolic BR, mmHg - 130 (16) 140 (18) <0.001
Diastolic BR, mmHg - 79 (9) 80 (10) 0.001
Pulse pressure, mmHg - 51(14) 60 (17) <0.001
Antihypertensive medication, % 5 2645 57.36 <0.001
BMI, kg/m? - 25.09 (3.62) 25.79 (3.56) <0.001
Waist-height ratio - 0.50 (0.06) 0.52 (0.06) <0.001
Waist-hip ratio - 0.86 (0.08) 0.88 (0.09) <0.001
Waist circumference, cm - 84.87 (10.97) 88.09 (11.87) <0.001
Total cholesterol, mmol/L - 4.82(0.91) 5.29 (1.00) <0.001
LDL cholesterol, mmol/L 38 2.90(0.83) 3.35(0.87) <0.001
HDL cholesterol, mmol/L - 1.39(0.39) 1.29 (0.39) <0.001
Non-HDL cholesterol, mmol/L - 3.43(0.95) 4.00 (1.06) <0.001
Triglycerides, mmol/L - 0.96 (0.73,1.36) 1.12(0.85,1.61) <0.001
Lipid-lowering medication, % 6 6.86 18.55 <0.001
Metabolic syndrome, % 7 34.29 57.06 <0.001
History of smoking, % 131 4298 5146 <0.001
KDIGO

Low, % - 76.19 45.27 <0.001

Moderate, % - 13.87 19.11 0.002

High, % - 547 1633 <0.001
very high, % - 447 19.29 <0.001
eGDR

Williams, mg/kg/min - 743 (2.24) 5.78(242) <0.001

Duca, mg/kg/min - 3.8 (1.46) 3.53(143) <0.001

Januszewski, mg/kg/min - 6.55(3.75,9.17) 409 (0.12,7.15) <0.001

Data are mean (SD), median (IQR), or percentages. BP: blood pressure; KDIGO: Kidney Disease Improving Global Outcomes risk categories; eGDR: estimated glucose

disposal rate

respectively. In comparison, for those in the highest
quartile of eGDR, the corresponding frequencies were
17, 16, and 17%.

As a continuous score calculated with the three
assessed formulae, the eGDRs were significantly
(p<0.001), albeit weakly, correlated: The Spearman
correlation coefficient was 0.42 for Williams vs. Duca
scores; 0.10 for Williams vs. Januszewski; and 0.10 for
Duca vs. Januszewski.

eGDR, the metabolic syndrome, and KDIGO risk categories
Baseline characteristics by KDIGO categories are pro-
vided in Additional file 1: Table S2. Worsening kidney
disease was associated with higher rates of CAD, male
sex, longer diabetes duration, younger age of diabetes
onset, higher HbA, . concentrations, and worse tradi-
tional risk factors, such as adiposity, BP, and lipids. For
all three formulae, the eGDR decreased with worsening
KDIGO risk category, and, in addition, the percentage
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of individuals with metabolic syndrome increased with
higher KDIGO category.

Associations between baseline eGDR quartiles

and subsequent CAD

Kaplan—Meier curves for incidence of CAD (Additional
file 1: Fig. S2) by eGDR quartiles showed increasing sepa-
ration of curves over follow-up time, with different pat-
terns of spread between formulae, reaching statistical
significance for all eGDR formulae: eGDR by Williams
and Januszewski, both p<0.001, and eGDR by Duca,
p=0.015. Similarly, metabolic syndrome status curves
separated significantly (p<0.001) over time, with higher
CAD rates in those with vs. without the metabolic syn-
drome at baseline (Additional file 1: Fig. S3).

Risk for CAD based on baseline eGDR score and by kidney
disease severity

At all the proposed cut-offs for eGDR calculated by
the Williams and Januszewski formulae, we found an
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association with the CAD incidence (Table 2). The
strengths of the associations varied depending on
the cut-off, but was stronger for scores based on the
Williams formula at all cut-offs. For the Duca formula,
only the lowest quartile of its eGDR was associated with
incidence of CAD. When restricting the follow-up time
to maximum of 15 years, the hazard ratio (HR) for CAD
incidence decreased linearly with an increasing eGDR
score for all three formulae (Fig. 1A-C), indicating
that any increase in eGDR (improvement in insulin
sensitivity) was cardioprotective. In Fig. 1D, the HRs
are defined per score percentile and therefore allow for
a direct comparison of the strength of the association
for all three formulae. When using the C-index, the
Williams-derived eGDR  discriminated individuals
with regards to CAD incidence either better or at least
equally well compared to the other formulae. Only in the
lowest score percentiles, the HRs based on Januszewski
were higher, but their 95% confidence intervals (CI)
overlapped with the Williams formula, e.g., in the 0.28

Table 2 Hazard ratios and 95% confidence intervals for incident coronary artery disease in the full cohort

Lowest score quartile Q1
vs. Q2-4 (ref)

Score<4 vs. score > 4 (ref)

Score <6 vs. score > 6 (ref) Score < 8 vs. score > 8 (ref)

eGDR Williams
eGDR Duca
eGDR Januszewksi

3.61[3.05/4.28] p<0.001
1.34[1.11;,1.61] p=0.002
2.09[1.76;2.48] p<0.001

3.08 [2.54;3.74] p<0.001
1.0910.92;1.30] p=033
2.54"[2.06;3.15] p<0.001

3.97"[3.19:4.94] p<0.001
141100952111 p=0.09
2.13[1.70,2.66] p <0.001

3.18[2.61;3.89] p<0.001
2.72[0.38;19.32] p=0.32
1.61[1.31;1.98] p<0.001

T As the proportional hazard assumption was violated for the full follow-up time, the follow-up time was restricted to a maximum of 15 years
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percentile Januszewski-based HR was 9.29 [6.46, 13.36],
whereas the Williams-based HR was 7.69 [5.78, 10.24].

Additional file 1: Figures S4, S5, and S6 show the HR
for the 15 years incidence of CAD, separately for each
KDIGO category. In all three categories, when using the
eGDR score by Williams, the HR for CAD decreased lin-
early with increasing insulin sensitivity.

Comparison of baseline eGDR scores with other risk factors
for subsequent CAD

As shown in Fig. 2 and Additional file 1: Tables S3-S6,
age and diabetes duration showed the highest C-index for
the association with incident CAD for the whole cohort
and for each KDIGO risk category. In the full cohort, the
eGDR score by Williams had a higher C-index compared
to the Januszewski score (0.69, 95% CI [0.67, 0.72] vs. 0.62
[0.60, 0.65]) and the Duca score (0.53 [0.51, 0.56]). This
was observed in the low KDIGO category (Additional
file 1: Table S4), however in the moderate (Additional
file 1: Table S5) as well as the pooled high and very high
KDIGO categories (Additional file 1: Table S6), there
were no significant differences between the eGDR scores
among the three formulae as the 95% Cls overlapped.
However, in the KDIGO categories high and very high,
the C-index for Januszewski was nominally higher than
the C-index for Williams, but the CIs overlapped (0.58,
[0.54, 0.63] vs. 0.57 [0.52, 0.61]).
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Discussion
In the present study, we compared the performance of
three different eGDR formulae with respect to their abil-
ity to predict subsequent incident CAD at different stages
of kidney disease severity in people with type 1 diabetes.
We found that correlations between the three assessed
formulae were weak keeping with findings from a cross-
sectional clamp study series [11]. Importantly, eGDR
formulae are derived from different individuals, may
have had variations in clamp methodology, and include
different factors with different weightings. It is also rec-
ognised that eGDR likely reflects other processes, which
modulate the insulin sensitivity. However, despite the
weak correlations between the eGDR formulae, the low-
est eGDR quartiles of all formulae, which represents the
individuals with insulin resistance, were associated with
higher risk of CAD. This was true also for the metabolic
syndrome, in line with previous studies [23]. Regarding
the group with the lowest quartile of eGDR, the overlap-
ping number of subjects for two or three formulae was
low, indicating that the different formulae identify differ-
ent individuals with lower insulin sensitivity, which also
makes comparison of the formulae’s risk prediction per-
formance relevant.

Whilst both measured and estimated insulin sensitiv-
ity may vary with kidney disease severity [2, 24], clamp
studies usually exclude people with moderate or severe
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kidney disease, and eGDR formulae specific for type
1 diabetic kidney disease have not been developed, nor
have existent formulae been systematically assessed
at different stages of kidney disease, although kidney
disease is a major predictor of CAD. Therefore, it is an
important and novel finding that the performance of the
three eGDR formulae for subsequent CAD events varied
by eGDR formulae and KDIGO risk category.

Nonetheless, the Williams eGDR score was the strong-
est (based on C-index) predictor of CAD overall. Only
the non-modifiable risk factors age and diabetes dura-
tion were stronger predictors than eGDR by Williams.
Some differences in the Williams, Duca, and Januszewski
clamp cohorts could potentially explain the different abil-
ities of their respective eGDR formulae to predict CAD
(Additional file 1: Table S7). The individuals in the Duca
cohort were somewhat older compared to the Williams
cohort (mean age 45.6 vs. 35.9 years), but the Williams
cohort had a higher HbAlc (9.5%) compared both to the
Duca cohort (7.6%) as well as the Januszewski cohort
(7.7%). As both age and glycaemic control are independ-
ent and important risk factors for CAD, the cohorts are
at different risks of developing CAD to begin with, which
might also influence the models’ different abilities to pre-
dict CAD. It is, however, worth noting that although the
characteristics differ between the FinnDiane participants
and the Williams cohort, the eGDR by Williams was a
strong predictor of CAD.

Particularly with the increasing global incidence
and prevalence rates of type 1 diabetes [25] and also of
obesity in people with type 1 diabetes, eGDR formulae
may be useful as a surrogate endpoint in clinical research
and clinical practice. In the full cohort, the Williams
eGDR score ranked higher than its components, but
systolic BP and pulse pressure predicted CAD equally
well. In the moderate KDIGO category, the components
of the Williams formula performed equally well, but
waist-height ratio performed nominally better than
the Williams score. In the KDIGO low category, pulse
pressure, a component of the Januszewski formula,
outperformed the score, and in all other settings, pulse
pressure performed at least equally well. In addition,
the Januszewski formula also includes serum creatinine,
which possibly explains its performance in the KDIGO
high and very high cohort. In the overall cohort, the
continuous Williams eGDR score was a better predictor
of CAD than the dichotomous metabolic syndrome
score. Of note, the waist-height ratio which is a marker
of central fatness and is linked to insulin sensitivity,
performed similar to the presence of the metabolic
syndrome for the prediction of CAD in the entire cohort
and in all KDIGO categories. This finding highlights the
relevance of central obesity in the metabolic syndrome
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and is also aligned with a previous publication showing
that the waist-height ratio is associated with visceral fat
mass independent of sex and kidney disease status in
adults with type 1 diabetes [26].

Importantly, only the eGDR by Williams showed a
linear association with CAD risk in all (sub-) analyses.
Therefore, eGDR based on Williams would lend itself
well to evaluating the effects of interventions, which may
improve insulin sensitivity and might be a better choice
than a categorical variable such as the metabolic syn-
drome. Potential interventions are weight-loss, exercise
and muscle gain, insulin sensitiser drugs (e.g., metformin,
sodium-glucose cotransporter-2 (SGLT2) inhibitors,
and incretin-based drugs), and the use of insulin pumps.
There are past and ongoing trials of adjunct therapy in
people with type 1 diabetes and large real-world data-
bases, which could be used to test the facility of eGDR
scores in clinical trials and in clinical practice.

Study strengths include the large, observational ‘real-
world’” FinnDiane cohort with detailed characterisation
of participants, long and ongoing follow-up, moderately
high rates of CAD, and wide range of kidney status.
Limitations are that not all existent insulin sensitivity
estimating formulae have been evaluated [27]. However,
importantly, the eGDR formulae are derived from a small
number of clamp studies. We included one formula
each from the clamp studies from Williams, Duca, and
Januszewski, and excluded the clamp studies from youth
and non-Caucasian populations. Furthermore, this small
number of clamp studies included only few people with
kidney disease and were performed in different popula-
tions, limiting the generalisability of eGDR formulae for
other ages, ethnicities, and body habitus. The original
formula by Duca (and also another formula by Janusze-
wski) included serum adiponectin, which associates
strongly with insulin sensitivity. Due to limited data on
adiponectin, for this study we selected the best fit for-
mula without adiponectin, which might have impacted
on the weaker results observed for the Duca eGDR for-
mula. There is uncertainty as to the effects of different
types of lifestyles, drugs, and insulin delivery modality on
eGDR. Furthermore, CAD may be silent in people with
diabetes, which if anything would dilute our data.

Conclusions

Scoring adults with type 1 diabetes based on three formu-
lae to estimate insulin sensitivity matters, as the lowest
quartile of each score was associated with CAD. While
some individual components of the eGDR formulae per-
formed better than the eGDR score in predicting incident
CAD, an eGDR score provides insight to insulin sensitiv-
ity, beyond CAD risk estimation, and offers a broader risk
score that could succinctly evaluate treatment or lifestyle
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interventions. Notably, the strength of association varies
by formula and kidney disease status. As a continuous
measure to assess CAD risk, the Williams eGDR score
appears particularly promising due to its linear associa-
tion that is independent of kidney disease subclass.
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