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Introduction

Nowadays, Diabetes Mellitus (DM) is considered to be an 
epidemic of the twenty-fi rst century [1]. Insulin Resistance 
(IR) is a pivotal pathogenetic component of T2DM [2]. Whilst 
dysregulated insulin secretion and insulin resistance play a 
key role in type 2 DM pathogenesis, it is worth noting that 
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Abstract: There is a lack of studies analyzing Severe Insulin Resistance (SIR) forms, especially from clinical aspects. The main objective of this research was to 
assess the relationship between micro- and macrovascular complications and the death rate of patients with SIR. 

Methods: It was a partially prospective case-control study of 120 participants with T2DM. Patients with doses of insulin >1 IU/kg/day were considered to have SIR 
(case group), with an insulin requirement of <1 IU/kg/day - control group. Statistical analyses were performed. 

Results: Regarding microvascular complications, an association  was found between insulin doses and the rate of Diabetic Nephropathy (DN) in the case group 
compared with the control group (138 vs. 170 IU/day), p = 0.002. Men with T2DM and SIR were more likely to present with myocardial infarction than women (39.3% vs. 
13.3%); p = 0.036. Subjects of the case group with lower eGDR (2.44 vs. 1.35) (or higher insulin resistance) were more likely to suffer a stroke, p = 0.003. Case group males 
were more likely than females to undergo coronary artery bypass graft surgery (21.4% vs. 3.3%); p = 0.048. Higher mortality was observed in the case group of patients 
with lower eGDR (1.01 vs. 1.85); p = 0.031. 

Conclusion: As for microvascular outcomes, the rate of DP and DR was similar in both control and case groups. Only the rate of DN in the case group was associated 
with higher insulin doses. Macrovascular complications such as stroke, myocardial infarction, and bypass surgery were related to the male gender and SIR, as well as 
higher mortality according to eGDR. 
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other altered intra- and extrapancreatic mechanisms, such 
as inappropriate glucagon activity, also contribute to the 
fi nal disease manifestation [2,3]. Still, the main focus of the 
treatment for type 2 Diabetes Mellitus (T2DM) is to reduce 
insulin resistance. However, despite insulin-sensitizing 
treatment, IR seems to be progressing further for most, with 
other factors contributing to the development of chronic 
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complications of diabetes [4]. But for reasons that are not yet 
fully understood (no detailed analysis has been undertaken), 
some cases of IR progress to severe forms of IR. Treatment 
then becomes ineffective and has to be intensifi ed with insulin 
therapy, which in turn can lead to further progression of SIR 
[5]. There is a lack of studies analyzing SIR forms, especially 
from clinical aspects. Without knowing the risk factors and 
health effects of SIR, the treatment of such patients who have 
T2DM with SIR remains ineffective, thus posing a challenge to 
the physician.

The prevalence of SIR is not known but is thought to 
account for 0.1% - 0.5% of all patients admitted to hospitals, 
due to poorly controlled diabetes [6]. Another study estimates 
the prevalence of SIR up to 7% [7]. SIR can be defi ned as a 
severely impaired response to the biological effects of insulin 
and is characterized by hyperinsulinemia and impaired 
glucose response to endogenous and exogenous insulin [8]. 
The higher the IR, the more pronounced both hyperglycemia 
and hyperinsulinemia are, both of which contribute to the 
development of chronic micro- and macrovascular DM 
complications [9].

There is evidence that people with diabetes have two to 
four times higher risks of Cardiovascular Diseases (CVDs) and 
death than those without diabetes [10]. It is estimated that 
diabetes is responsible for 11% of adult deaths each year [11]]. 
Higher mortality is associated with cardiovascular pathologies, 
which are the main cause of death in patients with DM, but 
IR is known to be one of the pathogenetic mechanisms of 
cardiovascular disease (CVD) [10-13]. It is known that IR is a 
suspected causative factor in a wide variety of diseases and is 
associated with all-cause or disease-specifi c mortality among 
nondiabetic persons [14] Moreover, rowing studies have shown 
that IR is associated with poor prognoses among patients with 
diabetes, although the relationship between IR and mortality 
remains poorly described in patients with T2DM, unlike those 
with T1DM [15]. One of the newest China studies has tried to 
evaluate the relationship between IR and all-cause mortality 
in the diabetic population. They used a novel metabolic score 
for insulin resistance (METS-IR) as an alternative marker of IR 
and demonstrated a non-linear association between METS-IR 
and all-cause, CVDs-related mortality in patients with diabetes 
[16]. Another study found that Insulin Sensitivity (IS) evaluated 
by eGDR predicts all-cause mortality in T2DM, independent of 
confounders [17].

Previously conducted studies have found that IR and DM not 
only refl ect metabolic abnormalities but also predispositions 
to AH and vascular stiffness, and are linked to CVD [18]. A 
recent exploratory meta-analysis has shown that IR is an 
independent and strong risk factor for CVD [19-21]. It was 
found that the SIR-T2DM subtype was associated with the 
highest risk of developing Diabetic Kidney Disease (DKD) and 
Coronary Artery Disease (CAD) [22]. Moreover, 25% of people 
who have undergone CABG surgery for multivessel CAD have 
diabetes [23]. However, the real impact of SIR on the progress 
of diabetes and its complications is not known.

The most accurate method for determining IS is the 
Hyperinsulinemic-Euglycemic Clamp Test (HECT) [24]. This 

method is considered the gold standard for diagnosis but is 
impractical, invasive, and time-consuming. Moreover, it is 
not suitable for use in clinical practice. IR can be evaluated 
non-invasively by Insulin Sensitivity Indices (ISI) such as 
the Mcauley index (MCAi), which is a function of fasting 
insulin and triglycerides [25], but the test is not suitable for 
the diabetic population. The Homeostasis Model Assessment 
of IR (HOMA-IR) is widely used in most studies assessing IR 
[26,27]. However, this method is not reliable, especially if DM 
patients are treated with exogenous insulin. A more dependable 
clinical parameter to assess IS is to evaluate daily insulin 
requirements. Patients who require more than 1 IU/kg/day of 
exogenous insulin to maintain glycemic control are considered 
to be resistant to insulin [24]. 

Nevertheless, a growing number of studies have reported 
another indirect method of assessing IR: the estimated glucose 
disposal rate (eGDR). This method was fi rst proposed to assess 
IR in type 1 diabetes mellitus (T1DM) patients, and later in 
T2DM [28]. This method is based on clinical variables, such 
as waist circumference (WC), HbA1c, and arterial hypertension 
(AH). It showed a good correlation with IR, compared to 
HECT [27,28]. Moreover, Helliwell, et al. found that low eGDR 
levels were related to both microvascular and macrovascular 
complications, independent of HbA1c [29].

The main objective of this research was to assess the 
relationship between microvascular, and macrovascular 
complications, and the death rate of patients with severe IR, and 
to evaluate other factors that may cause vascular complications 
in patients with T2DM.

Materials and methods

Patient selection

One hundred twenty patients, aged 18 or older, with 
T2DM, were included in the study. All patients included in this 
study were treated in the Endocrinology Department of the 
Lithuanian University of Health Sciences Kaunas Clinics. This 
study was conducted over three years (2018-2021).

Study design

The study was approved by the Kaunas Regional Biomedical 
Research Ethics Committee (BE-2-29, No SRI-01 version 2, 
2017-05-17).

The study was conducted as a case-control study. Since 
death rates were calculated using a follow-up method, the 
study is considered partially prospective. In the absence of data 
on the prevalence of SIR, we have relied on a single source, 
which reported that, on average, 6% - 7% of patients with 
T2DM required high doses of insulin (defi ned as a total daily 
dose superior to 200 units) [X]. We chose this 7% frequency to 
calculate the sample size. The calculated study sample was 98 
subjects with a 95% Confi dence Interval (CI). Because the ratio 
of case-to-control subjects in our study was 1:1, a minimum 
of 50 subjects had to be included in each group. A total of 120 
subjects were included in our study: 62 in the case group and 
58 in the control group with T2DM.
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5. Insulin and glycemic tests were used to calculate the 
HOMA-IR index. The assessment of IR was performed 
in 2 ways: 

• According to the mathematical formula of eGDR: 24.31 
- (12.22 x WHR) - (3.29 x AH) - (0.57 x HbA1c), with WHR 
- waist/hip ratio; AH - arterial hypertension; HbA1c 
- glycated hemoglobin, expressed as a percentage. 
Calculated eGDR was expressed in milligrams per 
kilogram per minute (mg/kg/min). The lower the eGDR 
value, the higher the IR. 

• According to the HOMA-IR index. A mathematical 
formula was also applied to calculate HOMA-IR: (fasting 
insulin concentration (mU/l) x fasting plasma glycemia 
(mmol/l)) / 22.5. IR was defi ned by HOMA-IR exceeding 
2.5, according to literature recommendations. 

Estimating the incidence of death: At the end of this case 
study, all the information on the participants of the study 
between 2018 and 2022 was reevaluated, and a high rate of 
mortality was noted. This partially prospective study aimed to 
compare the rate of death in the control and the case groups.

Mathematical statistical data analysis 

Statistical analyses were performed with the data statistics 
package SPSS Statistics version 27. The normality of the sample 
distribution was confi rmed by the Kolmogorov-Smirnov test, 
and the descriptive results of the subjects were presented as 
Mean (m) ± Standard Deviation (SD), with the categorical 
variables presented as frequency (%). In the absence of a 
normal distribution, the main data were presented as median 
and min-max. For quantitative data, the difference in means 
of normally distributed means was assessed by Student’s 
t-test for independent samples. The Chi-square (χ2) test was 
used to assess non-parametric criteria. Correlation analysis 
of parametric data was performed using Pearson’s correlation 
coeffi cient (r). The Mann-Whitney U test was used to compare 
two independent non-parametric sample means. To predict 
the dependent variables, binary logistic regression was 
performed. Variables included in the regression models were 
age, gender, HbA1c, BMI, diabetes duration, insulin level, and 
eGDR. Odds Ratios (OR) with 95% CI of signifi cant factors 
were calculated. Receiver operating characteristic (ROC) curve 
analysis was chosen for the evaluation of the highest risk of MI 
in diabetic patients treated with insulin. The level of statistical 
signifi cance was set as p < 0.05.

Results

Both groups had a similar distribution of men and women 
since the participants were matched by gender. Moreover, 
groups were also paired by BMI, resulting in a statistically 
insignifi cant difference in BMI between both groups. However, 
age differences were found: patients in the case group were 
signifi cantly younger and had shorter diabetes duration (Table 
1).

Because the inclusion criteria also considered insulin 
dosages and HbA1c levels, these differed between the groups. 

Patients treated for at least three months with high doses 
of insulin (>1 IU/kg/day) who still did not reach a satisfying 
level of diabetes control (HbA1c ≥9%) were assigned to the SIR 
- case group: 58 patients were allotted to this group. Inversely, 
62 patients who had been treated for at least 3 months with 
routine doses of insulin (<1 IU/kg/day) and who reached a 
satisfying level of diabetes control (HbA1c ≤8%) were assigned 
to the control group. In this case-control study, every patient 
who met the inclusion criteria was added to the case group and 
was matched by a patient in the control group, according to 
gender and Body Mass Index (BMI) (BMI differed ± 1 kg/m²). 
However, the age and duration of diabetes were not matched 
between both groups because of their strong correlation. 

Inclusion and exclusion criteria

Inclusion criteria for this study were: patient aged 18 or 
older; T2DM diagnosed over a year ago; treatment with insulin 
in stable doses (long- and/or rapid-acting insulin), with or 
without metformin, for at least three months; consent given to 
participate in the study by signing the Informed Consent form.

The exclusion criteria were related to factors that change IS, 
such as oncological diseases (these include but are not limited 
to stage IV carcinomas and metastatic cancers); chronic or 
acute kidney failure (Glomerular Filtration Rate (GFR) <30 ml/
min.); acute CAD (within the month preceding inclusion in the 
study); patients treated with glucocorticoids or hypoglycemic 
drugs (except metformin); patients who refused to continue 
participating in the study.

Collection and evaluation of data

At the time of enrolment, data were collected from subjects 
belonging to the case and control groups, using the following 
protocol:

1. By interviewing patients using a standardized 
questionnaire about demographic data, diabetes, and 
confi rmed diabetes complications, as well as CVD.

2. By collecting information from medical documentation 
(age, sex, weight, height, BMI, duration of diabetes, 
information about current treatment, insulin doses, 
HbA1c, data about major cardiovascular events, and 
chronic complications of diabetes).

3. Additional tests for diabetic complications were 
performed. The albumin-to-creatinine (a/c) ratio in 
a single morning urine sample was used to detect DN 
(normal range was assessed when a/c ratio was <3 mg/
mmol); it was recommended not to eat at least eight 
hours before, not to inject basal insulin in the twelve 
hours leading up to, and not to inject rapid-acting 
insulin for at least four hours before the test. Blood 
samples were also tested for creatinine, lipid, insulin, 
glucose, and HbA1c levels.

4. Patients were referred to an ophthalmologist for a 
consultation if they had not consulted in the last year.
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HOMA-IR and eGDR, which both measure IR, were also 
signifi cantly different between groups, indicating that subjects 
with SIR had higher HOMA-IR and lower eGDR values (Table 1).

The distribution of microvascular complications of DM in 
the groups was assessed. A higher rate of DP in the case (SIR) 
group than in the control group was noticed (p = 0.055). There 
were no signifi cant differences in rate concerning DR and DN 
(Table 2).

The detailed distribution of macrovascular complications 
of DM in the groups was also evaluated. Although the rate of 
macrovascular DM complications was higher in the case group, 
no signifi cant difference was found between the groups (Table 
2).

The higher rates of new death cases (overall mortality) 
were calculated for the group of people with severe IR and 
2TDM, compared with a similar rate for people without severe 
IR and 2TDM. However, no signifi cant difference was found, p 
= 0.273 (Table 2). 

The association of microvascular DM complications with 

various factors (insulin dose, gender, age, DM duration, HbA1c, 
HOMA-IR, and eGDR) was assessed. DP was signifi cantly 
more frequent in the control group with a longer duration of 
diabetes (14 years vs. 19 years); p = 0.022. An association was 
found between insulin dose and rate of DN in the SIR (case) 
group: DN was diagnosed more frequently in subjects who had 
been treated with high doses of insulin (138 vs. 170 IU/day); p 
= 0.002 (Figure 1). No such relationship was observed in the 
control group. 

 DR was more frequent in subjects of the control group 
who had better diabetic control, according to HbA1c (6.8% vs. 
7.28%); p = 0.015 (Figure 2).

Using a logistic regression model, only DM duration had a 
signifi cant impact on DR in the case group. By adopting a ROC 
curve, it was calculated that diabetes duration over 17 years in 
the case group (Area Under the Curve (AUC) 61.3%) increased 
DR risk by 2.504 [1.193-5.256] times, p = 0.014.

The association of macrovascular DM complications 
with various factors was also evaluated in different groups 
of subjects, using an adapted multivariate binary logistic 
regression model. In the case group, it was found that male 
gender and older age had an impact on MI (Table 3). 

In both the case and control groups, older age and lower 
HbA1c were associated with a higher stroke rate: age 73.73 
years vs. 66.59 years; p < 0.001 and HbA1c 6.80 % vs. 7.10%; 
p = 0.038 in the control group (Figure 3). In the case group 
age 70.13 years vs. 59.84 years; p < 0.001 and HbA1c (9.55% vs. 
10.20%; p = 0.05) (Figure 4).

There was an association between eGDR and stroke rate 
in the SIR group: subjects with lower eGDR (2.44 vs. 1.35) (or 
higher IR) were more likely to suffer a stroke, p = 0.003.

Using ROC curve analysis, we evaluated patients with high 
and low risk for strokes, based on the risk assessment model. 
In this sample, independent of IS, the area under the ROC curve 
(AUC=0.78, p < 0.001) showed that a diabetic patient aged over 
64, (with 100% sensitivity and 55.4% specifi city) had a 78.1% 
chance of having the highest risk rate of stroke (Figure 5).

After dividing the subjects into groups, a correlation was 
found between the rate of CABG surgery and gender in the case 
group. In the SIR group, males were more likely than females to 
undergo CABG (21.4% vs. 3.3%), p = 0.048. No such association 
was observed in the control group.

The relationship between various factors with the rate 
of death in both groups was assessed. In the case group, an 
association was found between higher mortality and eGDR. 
Higher mortality was observed in patients with T2DM and 
lower eGDR (1.01 vs. 1.85); p = 0.031 (Figure 6). In the control 
group, no association was observed between the death rate and 
eGDR.

Discussion

Our recent study is unique because of the different sights 
of diabetes and insulin resistance. There are still debates 

Table 1: Baseline participant characteristics, distribution of micro- and macrovascular 
complications, and incidence of death. Data are presented as Mean (m) ± Standard 
Deviation (SD) for normally distributed data and as median [min-max value] for non-
parametric data; NS - Non-Signifi cant.

Variable 
Case group (n = 

58) (%)
Control group (n = 

62) (%)
p value

Sex, female/male, n (%)
30 (51.7%) / 28 

(48.3%)
37 (59.7%) / 25 

(40.3%)
NS

Age (years), m ± SD 61.26 ± 9.47 67.85 ± 8.50 <0.001

Diabetes duration (years), 
median [min-max]

15.0 [11.0 - 19.0] 18.0 [13.75 - 25.25] 0.029

BMI (kg/m2), m ± SD 35.35 ± 5.75 34.07 ± 6.94 NS

HbA1c (%), m ± SD 10.36 ± 1.11 6.89 ± 0.82 <0.001

Daily insulin dose (units), 
median [min-max]

149.0 [124.0 - 
170.0]

60.0 [41.5 - 80.0] <0.001

INS/kg/d, m ± SD 1.45 ± 0.33 0.64 ± 0.21 <0.001

HOMA-IR, median [min-max] 11.2 [6.95 - 48.41] 5.4 [3.75 - 10.05] 0.003

eGDR, m ± SD 1.65 ± 1.28 4.29 ± 1.68 <0.001

Table 2: Distribution of micro- and macrovascular complications in groups.

Variable 
Case group (n = 

58) (%)
Control group (n = 

62) (%)
p value

Microvascular complications:

Microvascular complications 
overall, n (%)

56 (96.6%) 57 (91.9%) 0.441

DP, n (%) 56 (96.6%) 53 (85.5%) 0.055

DR, n (%) 32 (47.3%) 29 (52.7%) 0.831

DN, n (%) 15 (25.9%) 15 (24.2%) 0.833

Macrovascular complications:

Macrovascular complications 
overall, n (%)

26 (43.1%) 21 (34.4 %) 0.331

Stroke, n (%) 8 (13.8%) 11 (17.7%) 0.554

MI, n (%) 15 (25.9%) 11 (17.7%) 0.281

CABG surgery, n (%) 7 (12.1%) 11 (17.7%) 0.384

Overall mortality, n (%) 14 (24.1%) 10 (16.1%) 0.273
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on the impact of high insulin dose demand on diabetes and 
cardiovascular diseases. Do these patients with Severe Insulin 
Resistance (SIR) are at increased risk for CVD, even death, do 
they need additional attention? The main goal of this study was 
to evaluate the relationship between diabetic complications 

Figure 1: Insulin dose chart for SIR patients according to DN. P=0.002, based on the 
non-parametric Mann-Whitney U test.

Figure 2: HbA1c in control group patients, according to DR. P=0.015, based on non-
parametric Mann-Whitney U test. 

Figure 4: HbA1c in control and case group patients according to stroke. p = 0.038 
for the control group, and p = 0.05 for the case group, based on the non-parametric 
Mann-Whitney U test.

Figure 5: ROC curve for the highest stroke risk in the general population.

Table 3: Binary logistic regression analysis of variables infl uencing MI events in 
T2DM patients with SIR.

Variable
Binary logistic regression

OR (95% CI) p value

Gender 3.222 (1.264 - 8.212) p = 0.014

Age 6.00 (1.302 - 27.646) p = 0.013

Figure 3: Age distribution of patients in the control and case groups concerning 
stroke. p < 0.001 for the control and case groups based on parametric Student’s 
t-test. SM - sample mean, CI - confi dence interval.

Figure 6: Age distribution of patients in the SIR group according to death. p = 0.031, 
based on parametric Student’s t-test. SM - sample mean, CI - confi dence interval.
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and the death rate of patients with SIR and to evaluate other 
risk factors that cause cardiovascular complications in patients 
with T2DM. There are very few studies of this type, and these 
tend to focus more on treatment than on causal or outcomes 
analysis.

Our study did not show a signifi cantly higher rate of chronic 
DM complications in the SIR group, although a trend was 
observed. Subjects with SIR had a higher daily insulin dose, 
as well as higher daily insulin requirement based on weight, 
HOMA-IR value, and lower eGDR, indicating that this group of 
subjects had all the features of IR.

Concerning IR and microvascular complications, a study 
published in 2022 by Xiayo He, et al. found that a group of 
subjects with T2DM and Metabolic Syndrome (MS), where IR 
is a key component of the complex syndrome, had a higher 
risk of microvascular complications than macrovascular 
complications, compared to T2DM patients without MS [30]. As 
previously stated, we did not fi nd statistically signifi cant results 
in our research to support the fi ndings of the study described 
above. In our work, both microvascular and macrovascular 
complication rates were similar in the different groups, with 
no signifi cant differences.

On the other hand, the latest study by Cuiqiao Meng, et 
al. which was published in 2023, has found that in Chinese 
individuals with T2DM, lower eGDR was independently 
associated with a higher risk of DR [27]. In our work, not 
only did we not fi nd any correlation between DR and eGDR, 
but we also obtained results pointing to the contrary: DR was 
more frequent in subjects of the control group, who had better 
glycemic control according to HbA1c (6.8% vs. 7.28%), p = 
0.015. Another extensive study, conducted by Emma Ahlqvist, 
et al. in 2018, showed similar results in other microvascular 
DM complications, like DKD: the increased incidence of 
DKD was despite reasonably low HbA1c [22]. These fi ndings 
suggest that glucose-lowering therapy is not the only and 
also, not necessarily the best way to prevent microvascular 
complications.

The same study by Emma Ahlqvist, et al. that was 
mentioned above, where subjects were divided into diabetes 
subtypes, reported that severe forms of IR diabetes (SIRD) 
were associated with a high risk of DKD and hepatosteatosis 
[22]. However, this study defi ned SIR patients as subjects 
who had a high HOMA index, or required high insulin doses, 
but whose DM was adjusted (according to HbA1c). Therefore, 
there was a contradiction in the defi nition of SIR. In our study, 
the analyzed subtype was SIRD, where insulin was the only 
treatment and diabetes control was poor. Nevertheless, in our 
study an association between higher insulin dose and DKD 
was found as well: in the SIR group, DN was diagnosed more 
frequently in subjects who had been treated with high doses of 
insulin (138 vs. 170 IU/day); p = 0.002. 

Our study found a very high rate of DP, whereas other 
literature shows signifi cantly lower numbers. This may be 
related to the overdiagnosis of this diagnosis in Lithuania. 
The diagnosis is based on the patient’s subjective sensations 

and sensations evaluation tests (as vibration sensing 
estimation using a 128 Hz tuning fork, tactile sensory, and 
sensory evaluation of 10-g monofi lament pressure), which 
are subjective and may be misleading if only one test was 
performed. Moreover, the subjects were enrolled in the study 
with a confi rmed diagnosis of DP and we did not repeat the 
sensory evaluation tests, so it can be a reason for inaccurate 
results. On the other hand, the study was carried out in 
patients with a long duration of diabetes and comorbidities, 
and different insulin sensitivity, so the results may be as they 
are.

The link between IR and macrovascular complications 
remains an unfulfi lled topic in people with T2DM, although 
current research is looking for relations between the rate of 
cardiovascular complications and various other factors in 
diabetes control. Large randomized control trials on diabetic 
patients, including the ACCORD, ADVANCE, and VADT trials 
have not shown any improvement in the risk of morbidity of 
macrovascular DM complications, despite better glucose control 
[31]. The same results were also refl ected in our study: better 
glycemic control did not show any signifi cantly lower rate 
of macrovascular complications in both the case and control 
groups. On the contrary, higher stroke rates were associated 
with lower HbA1c (better glucose control) in both groups. 
Lower HbA1c may be due to a higher rate of hypoglycemia.

The literature also provides more data on stroke and IR. 
In 2021, Alexander Zabala, et al. conducted a study including 
individuals with T2DM and showed that higher eGDR 
(decreased insulin resistance) was associated with a lower risk 
of stroke and death due to stroke [32]. Similar results were also 
found in our study: subjects with lower eGDR (2.44 vs. 1.35) 
(or higher IR) were more likely to suffer a stroke, p = 0.003. 
These conclusions confi rm once again that IR is linked to the 
macrovascular complications of DM, and its identifi cation could 
contribute to the development of more advanced medicine.

In addition, a recent retrospective cohort study, conducted 
by Matthew J. O’Brein, et al. where 132737 adults with T2DM 
were included, observed an association between insulin therapy 
and a higher prevalence of macrovascular complications, when 
used as second-line medications in adult T2DM patients [33]. 
In our study, no similar results were assessed. Therefore our 
results could contribute to the notion that the greatest effect 
in reducing cardiovascular morbidity may be directed towards 
reducing IR rather than hyperglycemia. To that point, multiple 
studies provide evidence that IR by itself is a major determinant 
of elevated cardiovascular risk in patients with T2DM [10].

In our study, we exclusively analyzed T2DM patients who 
received insulin therapy. We believe that medication and the 
reduction of IR, moreover consequently of cardiovascular 
complications, is an area where more research in the future 
is needed. The trend observed in the literature is that SGLT2 
inhibitors, which reduce IR and improve glycemic control 
through glycosuria, also signifi cantly impact and consequently 
reduce cardiovascular morbidity and mortality in T2DM 
patients [34].
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Study strengths and limits

The advantage of our study is that similar studies about 
SIR and mortality rates have not yet been conducted. In this 
study, we looked for relations between IR and death, while 
also considering other factors in T2DM patients. As seen in 
our research, mortality rates in T2DM patients with severe IR 
were directly associated with lower eGDR scores: this suggests 
that higher IR increases the risk of death. However, further and 
larger studies are needed. When we performed the prospective 
study on the incidence of deaths, a sub-analysis of the causes 
of death was also included. Three main causes of death were 
identifi ed: diabetes-related deaths, oncological, and others 
(included when no data were found on the cause of death, 
which could for example be CVD). Deaths due to CVD and other 
deaths accounted for the largest proportion, confi rming the 
literature evidence that DM patients are most likely to die from 
CVD.

The main strength of our study is the uniqueness of the 
research in fi nding associations between SIR and complications. 
We were also looking for other risk factors in patients with 
T2DM with varying IS. The main limitation is the small sample 
size, but SIR is not a common pathology, and the power 
formula used to calculate the minimum sample size provided a 
suffi cient sample for statistical calculations.

Conclusion

The rate of diabetic polyneuropathy and diabetic 
retinopathy was similar in both groups. The rate of diabetic 
nephropathy was associated with a higher insulin dose. The 
rate of macrovascular complications in patients with type 2 
diabetes and severe insulin resistance was higher with male 
gender, older age, and uncompensated diabetes. Finally, higher 
mortality in patients with diabetes and severe IR was directly 
associated with lower eGDR scores, and indirectly with insulin 
resistance.

Take home message 

Patients with type 2 diabetes and severe insulin resistance 
should be carefully observed by endocrinologists. Because these 
patients are prone to micro-and macrovascular complications 
and a higher rate of mortality.
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