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Abstract 

Background and aims: Insulin resistance contributes to the development of type 2 diabetes (T2D) and is also a 
cardiovascular risk factor. The aim of this study was to investigate the potential association between insulin resistance 
measured by estimated glucose disposal rate (eGDR) and risk of stroke and mortality thereof in people with T2D.

Materials and methods: Nationwide population based observational cohort study that included all T2D patients 
from the Swedish national diabetes registry between 2004 and 2016 with full data on eGDR and categorised as fol‑
lowing: < 4, 4–6, 6–8, and ≥ 8 mg/kg/min. We calculated crude incidence rates and 95% confidence intervals (CIs) and 
used multiple Cox regression to estimate hazard ratios (HRs) to assess the association between the risk of stroke and 
death, according to the eGDR categories in which the lowest category < 4 (i.e., highest grade of insulin resistance), 
served as a reference. The relative importance attributed of each factor in the eGDR formula was measured by the  R2 
(± SE) values calculating the explainable log‑likelihoods in the Cox regression.

Results: A total of 104 697 T2D individuals, 44.5% women, mean age of 63 years, were included. During a median 
follow up‑time of 5.6 years, 4201 strokes occurred (4.0%). After multivariate adjustment the HRs (95% CI) for stroke in 
patients with eGDR categories between 4–6, 6–8 and > 8 were: 0.77 (0.69–0.87), 0.68 (0.58–0.80) and 0.60 (0.48–0.76), 
compared to the reference < 4. Corresponding numbers for the risk of death were: 0.82 (0.70–0.94), 0.75 (0.64–0.88) 
and 0.68 (0.53–0.89). The attributed relative risk  R2 (± SE) for each variable in the eGDR formula and stroke was for: 
hypertension (0.045 ± 0.0024), HbA1c (0.013 ± 0.0014), and waist (0.006 ± 0.0009), respectively.

Conclusion: A low eGDR (a measure of insulin resistance) is associated with an increased risk of stroke and death in 
individuals with T2D. The relative attributed risk was most important for hypertension.
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Introduction
The prevalence of type 2 diabetes (T2D) is increasing 
worldwide with rising human suffering from morbid-
ity and mortality [1]. People with T2D are at higher risk 
of cardiovascular disease compared to people without 

diabetes, and a high prevalence of atherosclerotic disease 
i.e., myocardial infarction, peripheral artery disease and 
stroke exists [2, 3].

Strong traditional risk factors such as hypertension 
and hyperlipidaemia explain some of the increased risk 
of stroke observed in people with T2D. Recently our 
group showed that people with T2D with poor glycae-
mic control were at higher risk for stroke compared with 
T2D people who were well controlled demonstrating the 
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importance of glycaemic control and the association for 
stroke [4]. Insulin resistance, which is more or less obli-
gate in T2D and often following hyperglycaemia, is also 
suggested to be a strong risk factor for cardiovascular 
disease [5]. Preventing insulin resistance would yield as 
much as 40% reduction in atherosclerotic disease regard-
less of other well known risk factors such as hyper-
tension, hyperlipidaemia, hyperglycaemia or obesity, 
involved in the insulin resistance state [6].

Gold standard technique measuring insulin resistance 
is the euglycaemic hyperinsulinaemic clamp method [7]. 
However, it is invasive and costly and therefore not suit-
able for large-scale clinical use. For that reason, a method 
based on the readily available clinical factors waist cir-
cumference, hypertension, and glycosylated haemo-
globin A1c (HbA1c) was developed to estimate glucose 
disposal rate (eGDR) in patients with type 1 diabetes [8]. 
This method is proven to have a high precision when 
compared to the euglycaemic hyperinsulinaemic clamp 
method, and therefore, an excellent tool to measure insu-
lin resistance in a large patient population [9]. Recently, 
our and other groups have used eGDR as a proxy for 
insulin resistance to predict long-term outcomes also in 
people with T2D [10].

Whether grade of insulin resistance predicts stroke 
in people with T2D is not well known [11, 12]. We per-
formed a nationwide population-based cohort study 
using the Swedish national diabetes register (NDR) to 
investigate the association between insulin resistance 
measured by eGDR and risk of first-time stroke and mor-
tality thereof in people with T2D.

Methods
This was a nationwide registry based retrospective 
nationwide cohort study, approved by the regional ethics 
committee in Gothenburg, Sweden (EPN Dnr 776-14).

Study population and data sources
All adult individuals (≥ 18 years) with T2D between 2004 
and 2016 were included, from the Swedish national dia-
betes register (NDR) [13]. T2D was defined as diabetes 
treated with diet or oral hypoglycaemic agents alone, or 
age of > 40 years at onset of diabetes and treatment with 
insulin alone, or in combination with oral hypoglycaemic 
agents [14].

Data from NDR was combined with; the in-patient 
registry (IPR) with nationwide data for primary and 
secondary discharge diagnoses [15], the causes of death 
register, and the longitudinal integration database for 
health insurance and job market studies (LISA; Statistics 
Sweden) for socioeconomic data [16]. The linkage was 
made by utilising the Swedish national identity number 

ensuring a unique number sequence that all Swedish citi-
zens are identified by.

Estimated glucose disposal rate (eGDR)
The eGDR (mg/kg/min) was calculated as previ-
ously described according to the following formula: 
eGDR = 21.158 − (0.09 * WC)  −  (3.407 * HT)  −  (0.551 
* HbA1c) [WC = waist circumference (cm), HT = hyper-
tension (yes = 1/no = 0), and HbA1c = HbA1c (% 
DCCT)] [8].

Since the eGDR formula was developed for use in indi-
viduals with type 1 diabetes, we investigated the cor-
relation between eGDR formula with a euglycaemic 
hyperinsulinaemic clamp procedure from 24 male T2D 
patients that have been investigated before in our lab 
(Additional file  1: Table  S1). The correlation between 
clamp and eGDR were r = 0.73 (Additional file  1: 
Table S1; Figure S1 top).

Analysis of HbA1c was performed at local laborato-
ries with the high-performance liquid chromatography 
Mono-S method and was quality-assured nationwide by 
regular calibration. We converted all HbA1c values to 
standard values according to the National Glycohaemo-
globin Standardization Program [17]. Hypertension was 
defined as treatment with anti-hypertensive medica-
tion, or systolic blood-pressure > 140 mmHg, or diastolic 
blood-pressure > 90 mmHg, respectively.

Study outcomes
A flow chart of the studied patients is presented in Addi-
tional file  1: Figure S2. The main outcome was time to 
stroke and mortality (divided in all-cause mortality and 
cardiovascular mortality). Patients were studied from 
index date until stroke, death or end of the study (Dec 31, 
2016). International Classification of Diseases codes (ICD 
codes) I63 and I64 were used for ischaemic stroke, and 
I61 to I62 for intracerebral haemorrhage, to identify all 
strokes. Subarachnoid haemorrhage (ICD code I60) was 
not included in the study. Only the first hospital admis-
sion was used for patients with several stroke episodes. 
For the CV death outcome, the following ICD codes were 
used: I20-I25 and I61-I64. The ICD codes for comorbidi-
ties are given in Additional file 1: Table S2.

Statistical analysis
The study cohort is described using standard descriptive 
statistics in terms of averages with standard deviation 
for continuous variables and counts with percentages 
for categorical variables. The incidence rate of all stroke 
(haemorrhagic stroke and ischaemic stroke), haemor-
rhagic stroke and ischaemic stroke was calculated as the 
number of events per 1000 person years and presented 
with 95% exact Poisson confidence intervals (CI).
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The association between eGDR (mg/kg/min) was cate-
gorised as previously used cut-off levels [9, 10]: < 4 (high-
est grade of insulin resistance i.e., reference), 4–5.99, 
6–7.99, and ≥ 8  mg/kg/min) and stroke events were 
illustrated using Kaplan–Meier curves and analytically 
assessed using three Cox regression models; unadjusted, 
adjusted for age and sex, and adjusted for age, sex, dia-
betes duration, LDL-cholesterol, HDL-cholesterol, tri-
glycerides, lipid lowering medication, micro albuminuria, 
macro albuminuria, creatinine, estimated glomerular 
filtration rate (eGFR), retinopathy, smoking, physical 
activity, disposable income, marital status, education, 
cardiovascular morbidities, renal disorder, hyperglycae-
mia, amputation, dementia, psychiatric disorder and gas-
tric bypass surgery.

The shape of the association between eGDR and stroke 
events was assessed using Cox regression models where 
the effect of eGDR was modelled using smoothing splines 
with 5 degrees of freedom in models also containing 
sex as a binary variable and a smoothing spline with 5 
degrees of freedom modeling the effect of age.

The relative predictive performance for each variable in 
the eGDR formula was evaluated using Heller  R2 [18].

The association between eGDR and post stroke mor-
tality was assessed using three Cox regression models; 
unadjusted, adjusted for age at the index stroke event 
and sex, and adjusted for sex, age at the stroke event and 
the last pre-stroke observations on systolic blood pres-
sure, diastolic blood pressure, body mass index (BMI) 
LDL-cholesterol, HDL-cholesterol, smoking, eGFR, lipid 
lowering medication and anti-hypertensive treatment. 
P-values below 5% are regarded as indicators of statisti-
cal significance and there was no adjustment for multiple 
comparisons. The statistical analysis was done using R 
4.0.2 and SAS 9.4

Results
Study population and patient characteristics
A total of 104  697 individuals with T2D (women 44%) 
with a mean age of 62.9 years, and with a diabetes dura-
tion of 4.1 years had a baseline eGDR from index date and 
were included in the study. After categorising individuals 
according to eGDR groups a total of 24,706 (24%), 40,187 
(38%), 21,042 (20%) and 18,762 (18%) had an eGDR of < 4, 
4–6, 6–8 and ≥ 8  mg/kg/min, respectively. The mean 
age, the proportion of men, diabetes duration, HbA1c 
levels, blood pressure, physical inactivity, proportion of 
individuals with cardiovascular disease, nephropathy 
all decreased with increasing eGDR. Also, individuals 
in lower eGDR categories were more often treated with 
antihypertensive treatments, lipid-lowering agents, oral 
glucose-lowering agents and insulin (Table 1).

Association between eGDR and stroke
Event rates for stroke, i.e., all stroke (ischaemic stroke 
and haemorrhagic stroke), ischaemic stroke and haemor-
rhagic stroke, are shown in Table  2. The Kaplan–Meier 
estimated curves of a first stroke according to the eGDR 
categories are shown in Fig. 1. During a median follow-
up time of 5.6 years, in total 4201 individuals with T2D 
had a stroke. The crude incidence rates, age-adjusted, and 
multivariable-adjusted risk of stroke among individu-
als with T2D, as categorised into different eGDR groups, 
are shown in Table  2. After multiple adjustments the 
incidence of all stroke and ischaemic stroke decreased 
in groups with increasing eGDR (Table  2; Fig.  2). How-
ever, for haemorrhagic stroke a non-significant difference 
was observed between the lowest eGDR compared to the 
other categories of eGDR (Table 2; Fig. 2).

We also analyzed the potentially non-linear associa-
tion between eGDR levels and stroke risk with restricted 
cubic splines in a sex and age adjusted Cox regression 
model. As demonstrated in the (Additional file 1: Figure 
S3 there was a linear decrease in the risk of ischaemic 
stroke starting from eGDR 2 mg/kg/min.

eGDR and risk of stroke stratified by insulin treatment 
or no insulin treatment
In the cohort 6.4 and 8.3% were treated with insulin only 
and tablets and insulin, respectively. In the full model 
after adjusting for insulin treatment no interaction was 
found for the risk of all stroke p = 0.86, ischaemic stroke 
p = 0.78, or haemorrhagic stroke p = 0.81, respectively 
(Additional file 1: Figure S4). Estimates for haemorrhagic 
stroke were however opposite compared to estimates 
for all stroke and ischaemic stroke in individuals treated 
with insulin, although not statistically significantly differ-
ent from the lowest eGDR category HRs (95% CI): 1.19 
(0.63–2.22), 1.63 (0.46–5.8) and 2.67 (0.45–15.74) (Addi-
tional file 1: Figure S4).

Explained variance of the variables for stroke in the eGDR 
formula
The estimated explained relative risk  (R2 ± SD) for each 
variable in the eGDR formula for the risk of stroke was 
highest for hypertension (0.045 ± 0.0024), followed by 
HbA1c (0.013 ± 0.0014), and waist (0.006 ± 0.0009) 
(Additional file 1: Table S3).

Association between eGDR and mortality after stroke
The event rates for all-cause mortality and cardiovascu-
lar mortality are shown in Table  3. During a mean fol-
low up time of 5.6 years in total 3.1% (3232 of 104 697) 
patients died. According to eGDR categories < 4, 4–6, 6–8 
and ≥ 8 mg/kg/min, death occurred, relative to a stroke in 
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Table 1 Baseline characteristics of 104 697 patients with type 2 diabetes mellitus categorised in four groups of estimated glucose 
disposal rate (eGDR)

All
n = 104 697

eGDR < 4
(mg/kg/min)
n = 24 706

eGDR 4–6
(mg/kg/min)
n = 40 187

eGDR 6–8
(mg/kg/min)
n = 21 042

eGDR > 8
(mg/kg/min)
n = 18 762

Age, years (SD) 62.9 (11.5) 62.3 (10.2) 65.3 (10.7) 62.0 (12.7) 59.5 (12.2)

Age at onset, yrs (SD) 58.8 (11.5) 57.6 (10.3) 60.9 (10.8) 58.3 (12.5) 56.1 (12.3)

Diabetes duration, years (SD) 4.1 (5.7) 4.7 (6.1) 4.3 (5.8) 3.6 (5.4) 3.5 (5.3)

Women, n/N (%) 46099/104697 (44.0) 8621/24706 (34.9) 17797/40187 (44.3) 10616/21042 (50.5) 9065/18762 (48.3)

Smoking, n/N (%) 16125/98754 (16.3) 3738/23150 (16.2) 5542/37932 (14.6) 3546/19903 (17.8) 3299/17769 (18.6)

Marital status, n/N (%)

 Married 57106/104697 (54.5) 12,762/24706 (51.7) 22573/40187 (56.2) 11082/21042 (52.7) 10689/18762 (57.0)

 Separat 18352/104697 (17.5) 4535/24706 (18.4) 6721/40187 (16.7) 3670/21042 (17.4) 3426/18762 (18.3)

 Single 17900/104697 (17.1) 5175/24706 (21.0) 5781/40187 (14.4) 3813/21042 (18.1) 3131/18762 (16.7)

 Widowed 11339/104697 (10.8) 2234/24706 (9.0) 5112/40187 (12.7) 2477/21042 (11.8) 1516/18762 (8.1)

Country of birth, n/N (%)

 Europe except Sweden 11367/104697 (10.9) 2897/24706 (11.7) 4323/40187 (10.8) 2202/21042 (10.5) 1945/18762 (10.4)

 Rest of world 8804/104697 (8.4) 1279/24706 (5.2) 2397/40187 (6.0) 2157/21042 (10.3) 2971/18762 (15.8)

 Sweden 84526/104697 (80.7) 20,530 /24706 (83.1) 33467/40187 (83.3) 16683/21042 (79.3) 13846/18762 (73.8)

Education, n/N (%)

 College level 45875/102992 (44.5) 11,178/24300 (46.0) 17124/39569 (43.3) 9332/20686 (45.1) 8241/18437 (44.7)

 Elementary school 38725/102992 (37.6) 9384/24300 (38.6) 15796/39569 (39.9) 7592/20686 (36.7) 5953/18437 (32.3)

 Upper secondary school 18392/102992 (17.9) 3738/24300 (15.4) 6649/39569 (16.8) 3762/20686 (18.2) 4243/18437 (23.1)

Waist, cm (SD) 104.5 (13.5) 118.4 (11.2) 103.1 (8.9) 100.1 (13.8) 93.9 (9.0)

BMI, kg/m2 (SD) 30.3 (5.4) 35.0 (5.3) 29.8 (4.2) 29.1 (5.2) 26.9 (3.7)

HbA1c, mmol/mol (SD) 53.3 (14.7) 61.9 (18.0) 51.2 (12.7) 52.3 (13.9) 47.4 (8.8)

eGDR, mg/kg/min (SD) 5.6 (2.2) 2.9 (1.0) 5.0 (0.6) 6.9 (0.6) 9.1 (0.8)

SBP, mmHg (SD) 137.4 (17.1) 140.3 (17.3) 139.2 (17.0) 136.0 (16.7) 131.1 (15.7)

DBP, mmHg (SD) 78.8 (9.9) 81.0 (10.4) 78.8 (10.0) 78.1 (9.5) 76.8 (9.0)

Total cholesterol, mmol/L (SD) 5.1 (1.1) 5.0 (1.1) 5.0 (1.1) 5.2 (1.1) 5.2 (1.1)

LDL cholesterol, mmol/L (SD) 2.9 (1.0) 2.9 (1.0) 2.9 (1.0) 3.0 (1.0) 3.1 (1.0)

HDL cholesterol, mmol/L (SD) 1.3 (0.4) 1.2 (0.3) 1.3 (0.4) 1.3 (0.4) 1.4 (0.4)

Triglycerides, mmol/L (SD) 1.9 (1.2) 2.3 (1.4) 1.9 (1.1) 1.9 (1.2) 1.6 (1.0)

Creatinine, µmol/L (SD) 76.8 (24.4) 78.9 (28.0) 78.9 (24.8) 74.2 (22.7) 72.4 (18.5)

eGFR, mL/min/1.73  m2 (SD) 84.5 (23.9) 85.2 (24.9) 81.4 (23.3) 86.2 (24.5) 88.6 (22.3)

Diabetes treatment, n/N (%)

 Diet only 40763/104697 (38.9) 6110/24706 (24.7) 16092/40187 (40.0) 9303/21042 (44.2) 9258/18762 (49.3)

 Insulin 6662/104697 (6.4) 1725/24706 (7.0) 2307/40187 (5.7) 1248/21042 (5.9) 1382/18762 (7.4)

 Tablets 48546/104697 (46.4) 13212/24706 (53.5) 18721/40187 (46.6) 9305/21042 (44.2) 7308/18762 (39.0)

 Tablets and insulin 8726/104697 (8.3) 3659/24706 (14.8) 3067/40187 (7.6) 1186/21042 (5.6) 814/18762 (4.3)

Anti hypertensive treatment, n/N (%) 70101/104697 (67.0) 24193/24706 (97.9) 37072/40187 (92.3) 8629/21042 (41.0) 207/18762 (1.1)

Lipid lowering treatment, n/N (%) 47144/102086 (46.2) 13289/23932 (55.5) 21337/39106 (54.6) 7520/20587 (36.5) 4998/18461 (27.1)

Microalbuminurea, n/N (%) 9415/69691 (13.5) 3037/15543 (19.5) 3781/26785 (14.1) 1571/14158 (11.1) 1026/13205 (7.8)

Macroalbuminurea, n/N (%) 4759/79042 (6.0) 1712/18058 (9.5) 1929/30447 (6.3) 689/15923 (4.3) 429/14614 (2.9)

Physical Activity, times/week, n/N (%)

 1–2 19205/94161 (20.4) 4937/22029 (22.4) 7469/36215 (20.6) 3778/18990 (19.9) 3021/16927 (17.9)

 3–5 2221094161 (23.6) 4250/22029 (19.3) 8746/36215 (24.2) 4641/18990 (24.4) 4573/16927 (27.0)

 < 1 1136494161 (12.1) 3758/22029 (17.1) 4109/36215 (11.4) 2087/18990 (11.0) 1410/16927 (8.3)

 > 5 3022894161 (32.1) 4977/22029 (22.6) 12009/36215 (33.2) 6503/18990 (34.2%) 6739/16927 (39.8)

 Never 1115494161 (11.9) 4107 /22029 (18.6) 3882/36215 (10.7) 1981/18990 (10.4) 1184/16927 (7.0)

History of comorbidities, n/N (%)

 Cardiovascular disease 8135/104697 (7.8) 2561/24706 (10.4) 4232/40187 (10.5) 1039/21042 (4.9) 303/18762 (1.6)
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783 (36.6%), 1563 (41.9%), 633 (43.5%) and 253 (37.5%). 
After multiple adjustments all-cause mortality and car-
diovascular mortality rate, after stroke, was lower in 
individuals categorised in higher eGDR groups (Table 3). 
HRs (95% CI) for individuals in the highest eGDR cate-
gory were for all-cause mortality: 0.68 (0.53–0.89) and for 
cardiovascular mortality 0.65 (0.45–0.93), respectively, 
compared to individuals in the lowest eGDR category 
(Table 3).

eGDR calculated using body mass index  (eGDRBMI)
We also calculated eGDR using BMI instead of waist cir-
cumferences, i.e.,  eGDRBMI (see text, Additional file 1) in 
which 205 482 individuals with T2D (Additional file  1: 

Table S4) were included. The correlation between clamp 
and  eGDRBMI was r = 0.69 (Additional file  1: Table  S1; 
Figure S1 bottom). All analyses were repeated, and the 
results are shown in (Additional file  1: Tables S5 and 
S6 and Figures S5 and S6, respectively. The results were 
very similar to the results from the main analyses using 
eGDR from waist circumference. After multiple adjust-
ment the risk of a stroke decreased with increasing 
 eGDRBMI HRs (95% CI): 0.72 (0.67–0.76), 0.56 (0.52–
0.61) and 0.39 (0.35–0.44), compared with the reference 
 eGDRBMI < 4 (Additional file 1: Table S5). There was the 
same increased risk of mortality after a stroke by ana-
lysing  eGDRBMI (Additional file  1: Table  S6). The esti-
mated explained relative risk for stroke  (R2 ± SD) was 

SD standard deviation

Table 1 (continued)

All
n = 104 697

eGDR < 4
(mg/kg/min)
n = 24 706

eGDR 4–6
(mg/kg/min)
n = 40 187

eGDR 6–8
(mg/kg/min)
n = 21 042

eGDR > 8
(mg/kg/min)
n = 18 762

 Coronary heart disease 15161/104697 (14.5) 4596/24706 (18.6) 7780/40187 (19.4) 2037/21042 (9.7) 748/18762 (4.0)

 Acute myocardial infarction 8135/104697 (7.8) 2561/24706 (10.4) 4232/40187 (10.5) 1039/21042 (4.9) 303/18762 (1.6)

 Atrial fibrillation 5415/104697 (5.2) 1734/24706 (7.0) 2554/40187 (6.4) 827/21042 (3.9) 300/18762 (1.6)

 Heart failure 4221/104697 (4.0) 1650/24706 (6.7) 1876/40187 (4.7) 526/21042 (2.5) 169/18762 (0.9)

 Hyperglycaemia 759/104697 (0.7) 208/24706 (0.8) 260/40187 (0.7) 157/21042 (0.8) 134/18762 (0.7)

 Amputation 150/104697 (0.1) 54/24706 (0.2) 60/40187 (0.2) 21/21042 (0.1) 15/18762 (0.1)

 Psychiatric disorder 3277/104697 (3.1) 819/24706 (3.3) 1017/40187 (2.5) 777/21042 (3.7) 664/18762 (3.5)

 End‑stage renal failure 107/104697 (0.1) 27/24706 (0.1) 43/40187 (0.1) 27/21042 (0.13) 10/18762 (0.1)

 Cancer 6826/104697 (6.5) 1469/24706 (6.0) 2870/40187 (7.1) 1346/21042 (6.4) 1141/18762 (6.1)

 Gastric bypass operation 105/104697 (0.1) 32/24706 (0.1) 38/40187 (0.1) 20/21042 (0.1) 15/18762 (0.1)

Table 2 Event rates and relative risks for stroke, ischaemic stroke and haemorrhagic stroke, respectively, in 104 697 people with type 2 
diabetes, stratified into four groups, depending on estimated glucose disposal rate (eGDR)

* Multivariable adjusted (see text statistics) not adjusted for variables including in the eGDR formula, i.e. HbA1c, waist circumference and blood pressure

Variable eGDR 
(mg/kg/
min)

Events/person-years Rate per 1000 
person-years
(95% CI)

Crude hazard ratio
(95% CI)

Age- and sex-adjusted 
hazard ratio (95% CI)

Multivariable 
 adjusted* hazard ratio 
(95% CI)

All Stroke  < 4 1106/114389 9.7 (9.1–10.3) 1.00 1.00 1.00

4–6 1847/194940 9.5 (9.0–9.9) 0.97 (0.90–1.05) 0.78 (0.73–0.84) 0.77 (0.69–0.84)

6–8 771/100891 7.6 (7.1–8.2) 0.79 (0.72–0.86) 0.73 (0.67–0.81) 0.68 (0.58–0.80)

 > 8 477/93028 5.1 (4.7–5.6) 0.52 (0.47–0.58) 0.59 (0.53–0.65) 0.60 (0.48–0.76)

Ischaemic stroke  < 4 912/114712 8.0 (7.4–8.5) 1.00 1.00 1.00

4–6 1518/195541 7.8 (7.4–8.2) 0.97 (0.90–1.05) 0.78 (0.71–0.84) 0.75 (0.67–0.84)

6–8 657/101133 6.5 (6.0–7.0) 0.81 (0.73–0.90) 0.75 (0.68–0.83) 0.68 (0.57–0.81)

 > 8 389/93197 4.2 (3.8–4.6) 0.52 (0.46–0.58) 0.58 (0.51–0.65) 0.55 (0.43–0.71)

Haemorrhagic stroke  < 4 182/116550 1.6 (1.3–1.8) 1.00 1.00 1.00

4–6 319/198339 1.6 (1.4–1.8) 1.02 (0.85–1.22) 0.85 (0.71–1.03) 0.87 (0.69–1.10)

6–8 114/102320 1.1 (0.9–1.3) 0.71 (0.56–0.89) 0.72 (0.57–0.91) 0.78 (0.53–1.15)

 > 8 93/93911 1.0 (0.8–1.2) 0.62 (0.48–0.80) 0.73 (0.57–0.93) 1.07 (0.61–1.88)
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higher for BMI (0.021 ± 0.00172) compared to waist 
(0.006 ± 0.0009) (Additional file 1: Table S3).

Discussion
This nationwide study, including individuals with T2D, 
shows that higher eGDR (decreased insulin resistance) 
was associated with lower risk of stroke and death. The 
association was independent of clinical characteristics 
and other identified risk factors for stroke and mortality.

The explained attributable relative risk of a stroke, for 
each factor in the eGDR formula, was highest for hyper-
tension followed by BMI, HbA1c, and waist circumfer-
ence, all well known risk factors for stroke [19]. Other 
known stroke risk factors such as: atrial fibrillation, heart 

failure, smoking, macrovascular complications, and soci-
oeconomic factors, could also have contributed to the 
higher risk of stroke observed in the present study [5, 
20]. After adjustment for these and a wealth of other risk 
factors for stroke there was still a monotonic lower risk 
of stroke and death in the higher eGDR categories com-
pared to the lowest eGDR category, suggesting eGDR as 
an important risk marker for stroke in individuals with 
T2D.

Since hypertension is one of the strongest risk factors 
for stroke, both in people with or without diabetes [19, 
21] our findings are not unique and not unexpected. This 
was also reflected by the attributable risk of the variables 
in the eGDR formula in which hypertension was most 
important. In a recent meta-analysis it was shown that 
a 10  mmHg decrease in systolic blood pressure is asso-
ciated with a significant decreased risk of stroke people 
with diabetes [22]. This was also demonstrated in the 
recent published ONTARGET study whereas individu-
als with diabetes and cardiovascular risk factors showed 
a reduction in stroke with a systolic blood pressure up 
to ≤ 115  mmHg [23]. These studies simply demonstrate 
the importance to treat hypertension avoiding a stroke. 
In the INTERSTROKE case–control study, which was 
launched to investigate the potentially modifiable risk 
factors associated with stroke, ten strong risk factors 
for stroke were identified and collectively associated 
with 90% of patients’ attributable risk [19]. Hyperten-
sion had a greater association with haemorrhagic stroke, 
than with ischaemic stroke, whereas smoking, diabetes, 
apolipoproteins and cardiovascular disease were more 
often associated with ischaemic stroke [19]. In the pre-
sent study, the proportion of stroke events were almost 
8 to 9-folded higher for ischaemic stroke, then for haem-
orrhagic stroke, making the interpretation for the asso-
ciation between risk factors and the risk of haemorrhagic 
stroke less reliable (less events) compared to ischaemic 
stroke. However, by using BMI instead of waist circum-
ference in the eGDR formula the number of patients and 
events were doubled demonstrating the same monotonic 
pattern for haemorrhagic stroke as for ischaemic stroke.

It was recently shown from the NDR that T2D indi-
viduals who had five predefined cardiovascular risk 
factors, i.e., HbA1c levels, LDL-cholesterol levels, albu-
minuria, smoking and elevated blood pressure within 
the clinical target range were not at a higher risk of 
stroke as for the general population [24]. By using 
ancillary analyses the strength of the association was 
estimated among a wealth of risk factors and the risk of 
cardiovascular outcome, including stroke and mortality. 
In that study the strongest association for stroke was 
observed in T2D people with poor glycaemic control, 
followed by elevated systolic blood pressure, longer 

Fig. 1 Cumulative incidence of stroke in 104 697 individuals with 
type 2 diabetes (T2D) separated by the four categories of estimated 
glucose disposal rate (eGDR)

Fig. 2 Outcome of stroke divided into all stroke (ischaemic and 
haemorrhagic stroke), ischaemic and haemorrhagic strokes in 
104 697 people with type 2 diabetes in Sweden, from 2004 to 2016, 
according to estimated glucose disposal rate (eGDR). Reference 
eGDR < 4 mg/kg/min
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duration of diabetes, physical inactivity and atrial fibril-
lation. Recently, our group confirmed the above results 
demonstrating a robust association between poor gly-
caemic control and risk of stroke in individuals with 
T2D [4]. In the present study, individuals in the lowest 
eGDR category had a mean HbA1c level of 62  mmol/
mol compared to 47  mmol/mol in individuals in the 
highest eGDR category; since hyperglycaemia is one 
modifiable risk factor for stroke achievement of good 
glycaemic control should be strived for to minimise this 
complication [4].

Obesity has been shown to increase the risk of mul-
tiple disease conditions including stroke [25]. In con-
trast, a survival advantage among individuals with 
higher BMI has also been suggested for stroke, i.e., the 
so-called obesity paradox, and whether obesity is an 
established risk factor for stroke is still debated [26]. 
In a large observational study among people with type 
1 diabetes however no such paradox exists [27]. It has 
also been reported among overweight and obese T2D 
individuals a considerably independent increased 
risk for stroke and total mortality [28]. Increased 
waist-to-hip ratio was also a strong risk marker in the 
INTERSTROKE case–control study [19]. Since, waist 
circumference reflects central obesity and indepen-
dently is associated with insulin resistance and car-
diovascular disease, we used this variable in the main 
eGDR analysis. After replacement with BMI, instead of 
waist circumference in the eGDR formula, there was 
the same robust monotonic decrease in a stroke event 
and mortality thereof above reference eGDR category, 
and the estimated explained attributable risk was even 
higher for BMI compared to waist circumference. Even 
though an obesity paradox may exist it has not been 

proven in large observational studies (like the present), 
whereas both waist circumference and BMI associate to 
the risk of stroke.

Although our data from euglycaemic hyperinsulinae-
mic clamps, to some extent correlated to the eGDR for-
mula used for individuals with type 1 diabetes [29], we 
cannot tell whether insulin resistance contributes for the 
excess risk of stroke or mortality observed in the present 
study. The impact of insulin resistance on cardiovascular 
disease is not easy to determine since it is clustering with 
several other traditional risk factors, e.g., hypertension, 
obesity, elevated triglycerides, low levels of HDL-choles-
terol and hyperglycaemia [10]. Interestingly, it has been 
evaluated in a mathematical model that preventing insu-
lin resistance would yield as much as 40% prevention of 
cardiovascular disease in young adults [6]. Even though 
insulin resistance is suggested the most important single 
risk factor for cardiovascular disease, its effect is indirect 
mediated thorough its effect on other variables such as 
blood pressure, lipidaemia and glycaemia [6]. When we 
adjusted for variables known to be linked between insu-
lin resistance and cardiovascular complications, eGDR 
above reference was strongly associated with a reduced 
risk of stroke and death thereof in a stepwise manner. 
Insulin therapy, often needed to combat hyperglycaemia 
in T2D individuals, has been proven safe in large ran-
domised controlled cardiovascular outcome trials [30, 
31]. In contrast, some large observational studies have 
come to another conclusion, suggesting an association 
between insulin therapy in people with T2D and cardio-
vascular disease or premature death [32]. In the present 
study there was no interaction between insulin therapy 
and stroke. The estimates for haemorrhagic stroke in 
the insulin treated individuals did however not follow 

Table 3 Event rates and relative risks for post stroke mortality and cardiovascular mortality in 104 697 patients with type 2 diabetes, 
stratified in four groups, by estimated glucose disposal rate (eGDR)

* Multivariable adjusted (see text statistics) not adjusted for variables including in the eGDR formula, i.e. HbA1c, waist circumference and blood pressure

Variable eGDR
(mg/kg/min)

Events/person-years Rate per 1000 person-years
(95% CI)

Crude hazard Ratio
(95% CI)

Age and sex-
adjusted hazard 
ratio
(95% CI)

Multivariable 
adjusted hazard 
 ratio*

(95% CI)

Mortality  < 4 783/5798 135.1 (125.8–144.9) 1.00 1.00 1.00

4–6 1563/9601 162.8 (154.8–171.1) 1.19 (1.09–1.30) 0.91 (0.83–0.99) 0.82 (0.70–0.94)

6–8 633/3727 169.8 (156.9–183.6) 1.24 (1.12–1.38) 0.92 (0.83–1.03) 0.75 (0.64–0.88)

 > 8 253/1801 130.5 (114.3–148.3) 0.99 (0.86–1.14) 0.82 (0.70–0.94) 0.68 (0.53–0.89)

Cardiovas‑
cular mor‑
tality

 < 4 421/5798 72.6 (65.8–79.9) 1.00 1.00 1.00

4–6 851/9601 88.6 (82.8–94.8) 1.20 (1.06–1.34) 0.91 (0.81–1.03) 0.82 (0.70–0.95)

6–8 344/3727 92.3 (82.8–102.6) 1.24 (1.07–1.43) 0.91 (0.78–1.05) 0.75 (0.60–0.93)

 > 8 122/1801 67.7 (56.3–80.9) 0.97 (0.80–1.19) 0.80 (0.66–0.98) 0.65 (0.45–0.93)
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the pattern as for ischaemic stroke, which simply can 
be explained by the very small number of events in this 
group.

The strength of this study was its unique nationwide 
coverage with a large cohort of T2D individuals; and a 
long follow up-time with accurate and register data with 
high external and internal validity. However, there are 
some limitations; eGDR is a measure of insulin resistance 
developed for individuals with type 1 diabetes, although 
the correlation between euglycaemic hyperinsulinaemic 
clamp and eGDR were good (however only tested for 
men) we cannot conclude that eGDR can be replaced 
with the gold standard clamp technique. Another limi-
tation is that we lack information of medical therapy for 
secondary prevention, nor did we in this study have any 
data on the use of antidiabetic medication such as incre-
tins and sodium glucose transporter-2 inhibitors which 
has been proven beneficial on cardiovascular mortality, 
and may have different impact on the risk of stroke. As in 
any observational study, we cannot rule out that residual 
confounding factors affected our findings.

In conclusion we found that in individuals with T2D 
a low eGDR, a simple measure of insulin resistance, was 
associated with an increased risk of a stroke and mortal-
ity. Consequently, insulin resistance seems to increase 
the risk for stroke in type 2 diabetes, and eGDR may be 
used as a risk marker for stroke and death.
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