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ABSTRACT

Introduction: The main objective of this
research was to evaluate the association of
insulin resistance (IR) with micro- and
macrovascular complications, sex hormones,
and other clinical data.
Methods: Cross-sectional study of patients
older than 18 years old with type 1 diabetes
mellitus (T1DM) was performed. Participants
filled in questionnaires about T1D, disease
duration, smoking, glycemic control, chronic

diabetes complications, and hypertension sta-
tus. Data about chronic diabetic complications
(neuropathy, retinopathy, and nephropathy)
were collected from medical records. History of
major cardiovascular events such as angina,
myocardial infarction, and stroke were collected
from medical records also. Laboratory tests
including creatinine, cholesterol levels, testos-
terone (T), sex hormone-binding globulin
(SHBG), estradiol levels, and albumin in 24-h
urine sample were performed. IR was calculated
using the following formula: estimated glucose
disposal rate (eGDR) = 24.31 - [12.22 9 waist-
to-hip ratio (WHR)] - [3.29 9 hypertension
status (defined as 0 = no, 1 = yes)] - [0.57 9

glycated hemoglobin (HbA1c)]. The data was
considered statistically significant at p\ 0.05.
Results: A total of 200 people (mean age
39.9 ± 12.1 years) with T1D were included in
the study. Patients with T1D were analyzed
according to eGDR levels stratified by tertiles.
The cutoff value of eGDR which reflects IR was
less than 6.4 mg kg-1 min-1. When eGDR was
less than 6.4 mg kg-1 min-1, diabetes
microvascular complications occurred signifi-
cantly more often (p\0.001); the cutoff of
eGDR for cardiovascular disease (CVD) events
was less than 2.34 mg kg-1 min-1. Lower eGDR,
longer diabetes duration, and lower HbA1c sig-
nificantly increased CVD outcomes risk. eGDR
was also significantly lower in smokers (7.3 ±

2.5 vs. non-smokers 8.2 ± 2.6, p = 0.011), the
obese (lean 8.25 ± 2.47 vs. obese 5.36 ± 2.74,
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p\0.000), older patients (less than 50 years
8.0 ± 2.5 vs. more than 50 years 6.2 ± 2.8,
p = 0.001), men (men 6.4 ± 2.4 vs. women
8.7 ± 2.2, p\0.001), patients with long-stand-
ing diabetes (\ 10 years 7.3 ± 2.6 vs.[10 years
8.7 ± 2.3, p\ 0.001), and chronic diabetes
complications (diabetic retinopathy, diabetic
nephropathy, diabetic neuropathy, p\0.001),
and patients with CVD (with CVD 5.5 ± 2.4 vs.
no CVD 8.0 ± 2.4, p\ 0.001). Patients with
T1D and a family history of T2D were not sus-
ceptible to weight gain during intensive insulin
treatment. Metabolic syndrome (MS) pheno-
type prevalence, including and dyslipidemia
rate, were higher in the obese group than in
normal weight, but a clear difference was not
seen (p = 0.07). Positive linear correlation
between men’s T and eGDR level was observed
(r = 0.33, p = 0.04), i.e., men with higher
testosterone level had better insulin sensitivity.
Other parameters (like T in women, estrogens,
SHBG) did not show any significant association
with eGDR.
Conclusions: According to stratified eGDR, IR
was found for one-third of the current T1D
population. Insulin resistant patients more fre-
quently had microvascular complications and
CVD events. Lower eGDR, longer diabetes
duration, and lower HbA1c significantly
increased CVD outcomes risk. IR was related to
smoking, obesity, gender, age, and diabetes
duration. Moreover, men’s testosterone had a
positive correlation with IR in T1D. Finally,
patients with T1D and a positive family history
of T2D were not susceptible to weight gain,
while MS metabolic phenotype prevalence ten-
ded to be higher in obese than in lean patients
with T1D, with a tendency to significant
difference.

Keywords: Cardiovascular disease; Estimated
glucose disposal rate; Insulin resistance;
Insulin sensitivity; Metabolic syndrome;
Obesity; Overweight; Type 1 diabetes

Key Summary Points

Why have we carried out this study?

Prevalence of overweight and obesity
among individuals with type 1 diabetes
(T1D) is increasing. Obesity is an
independent risk factor for cardiovascular
diseases (CVD) which are the dominant
cause of mortality in diabetic patients.
There is data implying that insulin
resistance (IR) develops in patients with
T1D as well as in patients with T2D, but
little attention is paid to this problem in
clinical practice and clinical research; it is
thought it might be related to diabetes
complications, CVD, testosterone (T), and
sex hormone-binding globulin (SHBG)
levels. There is inconsistency in data
regarding how IR might be diagnosed in
T1D

We aimed to determine the estimated
glucose disposal rate (eGDR) level (cutoff)
that reflects IR and to evaluate the
association of IR with micro- and
macrovascular complications, sex
hormones, and other clinical data

We decided to examine the relation
between IR and weight and sex hormones
in T1D as the relation between of SHBG
and T1D is not clear; little is known about
the interaction between T, SHBG levels,
and insulin sensitivity in T1D

What was learned from the study?

Our study is the first one that assessed
CVD risk according to eGDR. We found
that IR expressed as eGDR cutoff less than
6.4 mg kg-1 min-1 was significant for all
diabetes vascular complication
progression and less than
2.3 mg kg-1 min-1 for CVD. Moreover,
eGDR was significantly lower in the obese,
smokers, men, subjects aged over 50 years,
and in those with long-standing T1D
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Positive linear correlation was observed
between men’s T and eGDR level, i.e.,
men with higher T level had better insulin
sensitivity. Other parameters such as T in
women, estrogens, and SHBG did not
show any significant association with
eGDR. Our results contradict the results of
other studies and point to the need for
additional research

We found that obese patients with T1D
were significantly more insulin resistant
and the prevalence of metabolic
syndrome tended to be higher in obese
than in lean patients with T1D, with a
tendency to significant difference. This is
in line with previous results of other
studies and has reasonably understood
pathogenic mechanisms

INTRODUCTION

Type 1 diabetes (T1D) is autoimmune disease
characterized by absolute insulin deficiency.
Although impaired insulin action called insulin
resistance (IR) is the pathogenic basis of type 2
diabetes (T2D), it can also affect patients with
T1D [1].

The etiology of IR in T1D is probably multi-
factorial, involving both genetic and environ-
mental factors as well as their interplay [2, 3].
Several environmental factors such as acquired
lifestyle IR, exogenous insulin therapy induced
IR (over-insulinization), and genetic/familial IR
are thought to underlie the phenotype of dou-
ble diabetes. According to Cleland [3], genetic
and lifestyle factors that lead to T2D may exist
as IR is a syndrome that includes hyperinsu-
linemia, dyslipidemia (defined as high triglyc-
erides and low HDL levels), hypertension, and
obesity [4]. Adiposity has been hypothesized to
be the main underlying factor leading to
development of IR [2]. However, studies that
explored the relation between lifestyle factors
and IR in detail are limited.

Nowadays, there is a rising trend of over-
weight and obesity among individuals with T1D
[5, 6]. Obesity or overweight in T1D results from

physical inactivity, sedentary lifestyle, and
changes in diet (increased sugar and fast car-
bohydrate consumption). This is often associ-
ated with IR or changes of lifestyle that may
lead to IR, increased insulin dose requirements,
and poor glycemic control. Moreover, increased
insulin dose increases insulin-induced weight
gain that triggers IR—a vicious circle.

Family history of T2D is another clinical
factor that may also increase the risk for IR [7].
But there is an important unanswered question
according to Cleland [3]: Are these T1D patients
with a family history of T2D more susceptible to
weight gain during intensive insulin treatment?

Better knowledge of factors controlling IR in
T1D is important not least because of strong
evidence for the relationship between IR and
cardiovascular disease (CVD) [4, 8, 9]. Several
studies [10–13] have also shown a clear associ-
ation between IR and an increased incidence of
chronic complications in people with T1DM.

Moreover, several factors have been sug-
gested to influence IR progression in T1D
[1, 14]. It is known, that IR is also associated
with sex hormones [15]. It was found that sex
hormone-binding globulin (SHBG) has an
additional biologic effect. Recent evidence
demonstrates an association between SHBG and
insulin resistance [16]. Obesity and hyperinsu-
linemia have been associated with decreased
levels of SHBG [17, 18]. While the data is con-
troversial, a study from Denmark has shown
increased SHBG level in men with T1D [19].
There is a lack of data demonstrating clear
association between SHBG and IR in the T1D
population.

In men, low testosterone level is associated
with obesity, hyperglycemia, and hyperinsu-
linemia [20], whereas hyperandrogenicity is
associated with an increased risk for T2D and
CVD events in women [21]. Moreover, a high
predominance of low testosterone (T) in men
with T2D has been reported in several studies
[22, 23], but little is known about the interac-
tion between T levels and insulin sensitivity in
T1D [16]. Moreover, data about steroid levels
presented in the literature are controversial. In
most studies, T levels did not differ between
T1D [24] and controls groups, while Chris-
tensen et al. found higher T level in patients
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with T1D [19]. Nevertheless, these studies did
not evaluate the patient’s insulin sensitivity
according to sex hormones.

The gold standard method of evaluating
insulin sensitivity is the hyperinsuline-
mic–euglycemic clamp. As this is a time-con-
suming and invasive experimental technique
[3], it is impractical for large and population-
based studies. The estimated glucose disposal
rate (eGDR) is a ‘‘best-fit’’ model derived from
euglycemic–hyperinsulinemic clamp studies
and has been validated for the estimation of IR
in individuals with T1D [10].

Lower eGDR was related to higher IR in
many studies [10–13]. Epstein et al.’s study [10]
explored inter-ethnic differences in eGDR,
while other authors searched for a relation
between eGDR and a certain chronic diabetes
complication (retinopathy, nephropathy, or
cardiovascular), or among eGDR and a diabetes
complication and metabolic syndrome (MS) for
long-standing disease. Nevertheless, these trials
did not evaluate risk factors for different
patients’ insulin sensitivity, according to
anthropometric measures, between those who
are lean versus those who have the MS pheno-
type. Also there are several comparisons
between different diabetes complications
according to eGDR, but CVD events risk evalu-
ation was not included; furthermore what
eGDR value is significant in evaluating the risk
of progression of vascular complications is still
under discussion. This is the first evaluation of
IR in a group of Lithuanian patients with T1D
using mathematical formulae and MS markers.
The main objective of this research was to
evaluate the association of IR with micro- and
macrovascular complications, sex hormones,
and other clinical data.

METHODS

Study Population

It was a prospective, cross-sectional study that
included 200 unselected patients with T1D over
the age of 18 years with diabetes duration at
least 1 year; patients were men and women with
regular menstrual cycle (without signs of

pregnancy or menopause stage). Data were col-
lected from February 2015 until April 2016 at
the study center of our university hospital.
Informed consent was obtained from all indi-
vidual participants involved in the study.

Data Collection

Participants filled in questionnaires about
demographic data (such as age, gender, diabetes
duration in years), current insulin dose, smok-
ing, glycemic control, chronic diabetes compli-
cations, and hypertension status. Clinical
history of major cardiovascular events (heart
attack, ischemic heart disease, stroke, and
peripheral vascular disease) and diabetes com-
plications (micro- or macroalbuminuria,
retinopathy, peripheral neuropathy) were col-
lected from medical records.

MS, as an indicator of IR, was defined by the
following criteria according to the National
Cholesterol Education Program (NCEP) Adult
Treatment Panel III (ATP III): abdominal obesity
(waist circumference[102 cm in men or
[88 cm in women), hypertension (blood pres-
sure C 130/85 mmHg), and hyperlipidemia
(plasma triglycerides C 1.7 mmol/l, HDL
cholesterol\1.03 mmol/l in men or
\1.29 mmol/l in women) [25]. Dyslipidemia
was diagnosed according to aforementioned
criteria. Weight, height, waist (WC) and hip
(HC) circumferences were measured on partici-
pants wearing only light underwear. Body
height (in centimeters) was measured to the
nearest 0.5 cm without shoes using a sta-
diometer and weight (in kilograms) was mea-
sured to the nearest 0.1 kg. WC (in centimeters)
was measured at the narrowest point below the
ribs using a measuring tape. HC (in centimeters)
was measured at the broadest circumference
below the waist. BMI was calculated as weight
divided by height squared (kilograms per square
meter) and waist-to-hip ratio was calculated as
WC divided by HC. BMI was categorized into
groups according to the conventional World
Health Organization (WHO) classification [26]:
normal weight (18.5–24.9 kg/m2), overweight
(25–29.9 kg/m2), and obese (C 30 kg/m2).
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Insulin sensitivity was measured with eGDR
calculated as 24.31 - (12.22 9 WHR) -

(3.29 9 HT) - (0.57 9 HbA1c), where WHR is
waist-to-hip ratio; HT is hypertension; HbA1c is
the value of glycated hemoglobin in percent.
The calculated eGDR units are milligrams per
kilogram per minute [27, 28].

The clinical and laboratory data included the
diabetic care profile (HbA1C) and 24-h urinary
protein excretion (0–300 mg/day), hemo-analyses
and chemistry (creatinine, 59–104), lipid profile
(total cholesterol, 0–5.2 mmol/l; triglycerides
(TG), 0–1.7 mmol/l; high-density lipoproteins
(HDL), [1.55 mmol/l; and low-density lipopro-
tein (LDL), 0–2.6 mmol/l). Venous blood was
collected in the morning after an overnight fast
using an automatic analyzer (Beckman Coulter,
USA, AU 680 in the Clinical Laboratory of the
Hospital of Lithuanian University of Health Sci-
ences Kaunas Clinics). The classification and
pathological scoring of diabetic nephropathy
were carried out according to the criteria of Ter-
vaert et al. [29].

Compliance with Ethics Guidelines

All procedures followed were in accordance
with the ethical standards of the responsible
committee on human experimentation (Kaunas
Regional Biomedical Research Ethics Commit-
tee, Nr. LitDiane—01 version 2, 2013-11-07)
and with the Helsinki Declaration of 1975, as
revised in 2013. Informed consent was obtained
from all patients for being included in the
study.

Hormone Assays

For most participants of the study, venous
blood was obtained in the morning and serum
was separated immediately.

For the cohort, serum levels of total testos-
terone were determined by radioimmunoassay
(Biosource, Belgium, normal range\0.17–2.65
nmol/l), estradiol was determined by radioim-
munoassay (Immunotech, Czech Republic,
normal range 128–541 pmol/l), and SHBG was
determined by radioimmunoassay (Immuno-
tech, Czech Republic, normal range 20–85

nmol/l). The intra- and inter-assay coefficients
of variation (CVs) for measurement of total
testosterone were respectively less than 8% and
less than 5%, CVs for estradiol were 7.5% and
13%, and CVs for SHBG were less than 6.7% and
less than 8.2%.

Estradiol was measured without regard to the
particular phase of menstrual cycle.

Table 1 Clinical characteristics of participants

Characteristic Incident case

Age (years) 39.9 ± 12.1

Gender (male/female), % 42.0/58.0

Disease duration (years) 16.4 ± 10.8

WHR 0.88 ± 0.11

BMI (kg/m2) 24 ± 4.1

BMI[ 25 kg/m2, n (%) 73 (36.5)

HbA1c (%) 8.9 ± 2.0

HDL (mmol/l) 1.56 ± 0.66

Triglyceride (mmol/l) 1.34 ± 0.04

Hypertension, n (%) 73 (36.5)

Insulin dose/weight (U/kg) 0.77 ± 0.24

Smoking, n (%) 88 (44.0)

Positive family history of T2D, n (%) 66 (33.0)

Total testosterone level in men (nmol/

l)

19.56 ± 8.09

Total testosterone level in women

(nmol/l)

2.47 ± 1.48

Estradiol level in men (pmol/l) 270.26 ± 119.08

Estradiol level in womena (pmol/l) 440; 73.4/3431.0

SHBG level in men (nmol/l) 37.4 ± 18.4

SHBG level in women (nmol/l) 74.0 ± 39.3

FAI in womena 3.06; 0.24/28.05

Data are presented as mean ± SD unless otherwise
specified
WHR waist-to-hip ratio, BMI body mass index, HbA1c
glycated hemoglobin, HDL high-density lipoprotein,
SHBG sex hormone-binding globulin, FAI free androgen
index
a Data are presented as median; minimum/maximum
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Statistical Analysis

The normality of distribution was tested using
the Kolmogorov–Smirnov test. Student’s (t) cri-
terion was used for comparison of means for
normal distributions, and the Mann–Whitney
(U) test was used in skewed distributions. Dif-
ferences between two means of independent
samples were compared using Student’s t test.
Categorical variables (presented as median val-
ues) were compared with the n (proc), v2 test, or
Fisher’s exact test. To test the correlations
among quantitative variables, Pearson’s corre-
lation coefficient (r) was used. eGDR levels were
stratified by tertiles. In order to find the differ-
ence between more than two groups, paramet-
ric and nonparametric dispersive analyses with
ANOVA and Kruskal–Wallis test were per-
formed. A multivariate logistic regression
method was used to determine the most
important relationship factors. Odds ratios (OR)
and 95% confidence intervals (CI) for various
parameters were calculated. The optimal cutoff
value for CVD events was estimated by the areas
under the receiver operating characteristic
(ROC) curve analysis and chosen where the
‘‘Sensitivity ? Specificity’’ was maximal.

The collected data were analyzed using the
Statistic Package for Social Sciences (SPSS)

version 22 software. The data was considered
statistically significant at p\ 0.05.

RESULTS

A total of 200 patients with T1D were included
in the study. Clinical characteristics of patients
with T1D included age, gender, disease dura-
tion, BMI, waist-to-hip ratio (WHR), lipids pro-
file, sex hormones, and insulin dose as listed in
Table 1.

One-third of the sample had dyslipidemia
(67, 33.50%) and hypertension (73, 36.5%),
whereas mean BMI and WHR were normal. The
approximate daily insulin requirement for par-
ticipants was 0.77 units/kg body weight. Med-
ian free androgen index (FAI) in women group
was a little bit higher than normal (FAI 3.06).

Age, gender, IR, metabolic factors and family
history were evaluated according to BMI. Obese
patients had significantly lower eGDR value
(higher IR, p\ 0.000). Older patients with T1D
were significantly more obese (p = 0.007)
(Table 2). There was no significant difference
between BMI groups and diabetes control.
HbA1c was about 9% in all groups. Insulin
requirement in all weight groups was equal.
One-third of patients with T1D (66, 33.0%) had
a positive family history of T2D (Table 1), but
these patients were not more susceptible to

Table 2 Clinical variables in different weight groups assessment according to weight

Clinical variable Normal weight
n = 127

Overweight
n = 58

Obese
n = 15

p value

Gender, female/male, n (%) 75/52 (59/41) 33/25 (56.9/43.1) 6/9 (40/60) 0.34

Age, years, mean ± SD 33.4 ± 10.9 36.2 ± 12.5 42.9 ± 16.3 0.007

HbA1c (%), mean ± SD 9.0 ± 2.1 8.7 ± 2.1 9.1 ± 1.7 0.13

eGDR (mg kg-1 min-1), mean ± SD 8.25 ± 2.47 7.45 ± 2.46 5.36 ± 2.74 0.000

Insulin dose (IU/kg), mean ± SD 0.73 ± 0.24 0.73 ± 0.21 0.74 ± 0.25 0.46

Dyslipidemia, n (%) 57 (44.9) 29 (50.0) 11 (73.3) 0.06

MS signs, n (%) 40 (31.5) 18 (31.0) 9 (60.0) 0.07

Positive family history, n (%) 44 (34.6) 18 (31.0) 4 (26.7) 0.77

Hypoglycemia (C 3 per week), n (%) 12 (9.4) 6 (10.3) 1 (6.6) 0.33

HbA1c glycated hemoglobin, eGDR estimated glucose disposal rate, MS metabolic syndrome, IU international units
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weight gain during intensive insulin treatment
(p = 0.64). Obese patients were more likely to
have dyslipidemia and/or other signs of MS, but
there was no clear significant difference com-
pared with normal weight subjects (Table 2).

Lower eGDR, i.e. higher IR, was observed in
smokers, patients older than 50 years old, male
gender, and in those with diagnosed microvas-
cular complications, arterial hypertension, and
history of CVD, and decompensated diabetes.
Moreover, patients with lower insulin resistance
were among those that had worse diabetes
control according to HbA1c and longer diabetes
duration (more than 10 years) (p\ 0.001)
(Table 3).

To assess the relation of micro- and
macrovascular complications with IR, and
evaluate a cutoff value of eGDR, study partici-
pants were analyzed according to eGDR levels
stratified by tertiles: low—1st [\6.4 mg kg-1 -
min-1], middle—2nd [6.4–9.5 mg kg-1 min-1],
and high—3rd [[ 9.5 mg kg-1 min-1]. Partici-
pants in the 1st tertile had significantly lower
measured insulin sensitivity than participants
in the 2nd and 3rd tertiles after adjusting for
micro- and macrovascular complications
(Table 4). eGDR value less than 6.4 mg kg-1 -
min-1, that referred to high IR, was found for 67
patients (33.5%).

The variables that were significantly different
between the 1st tertile and 2nd tertile of the
eGDR formula data were age, duration of dia-
betes, BMI, total dose insulin IU/lean mass (kg),
HDL, and triglycerides. Pearson’s correlation
was used to establish correlations among insu-
lin dose per kilogram body weight and eGDR. It
was found that higher insulin dose per kilo was
inversely associated with eGDR (r = - 0.193,
p = 0.006), while differences among tertiles
were not seen.

Table 3 Clinical and laboratory characteristics of patients
with T1D and association with eGDR

Variables Percentage (n) eGDR p value

Smoking

Yes 44.0 (88) 7.3 ± 2.5 0.011

No 56.0 (112) 8.2 ± 2.6

Gender

Male 42.0 (42) 6.4 ± 2.4 \ 0.001

Female 58.0 (58) 8.7 ± 2.2

HbA1c

\ 7.0 15.5 (31) 9.2 ± 2.2 \ 0.001

[ 7.0 84.5 (169) 7.5 ± 2.5

CVD

Yes 11.5 (23) 5.5 ± 2.4 \ 0.001

No 88.5 (117) 8.0 ± 2.4

Hypertension

Yes 36.5 (73) 5.0 ± 1.4 \ 0.001

No 63.5 (127) 9.3 ± 1.6

Diabetic retinopathy

Yes 58.5 (117) 7.1 ± 2.5 \ 0.001

No 41.5 (83) 8.7 ± 2.3

Diabetic neuropathy

Yes 67.5 (135) 7.0 ± 2.5 \ 0.001

No 32.5 (65) 9.2 ± 2.0

Microalbuminuria

Yes 34.0 (68) 6.6 ± 2.3 \ 0.001

No 66.0 (132) 8.3 ± 2.5

Diabetic nephropathy

Yes 35.5 (71) 6.4 ± 2.3 \ 0.001

No 64.5 (129) 8.5 ± 2.4

Disease duration

\ 10 years 65.5 (139) 7.3 ± 2.6 \ 0.001

[ 10 years 34.5 (61) 8.7 ± 2.3

Table 3 continued

Variables Percentage (n) eGDR p value

Age

\ 50 years 87.5 (175) 8.0 ± 2.5 0.001

[ 50 years 12.5 (25) 6.2 ± 2.8

HbA1c glycated hemoglobin, CVD cardiovascular disease
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Using ROC curve analysis, we assessed high-
risk and low-risk patients for CVD events on the
basis of the risk assessment model. On the basis of
the area under the ROC curve (0.78, p\0.00),
with 95.5% sensitivity and 99.4% specificity, the
highest rate risk of CVD events occurred when
eGDR was less than 2.34 mg kg-1 min-1 (Fig. 1).
To further explore risk factors for CVD events in

T1D, a binary logistic regression model was
adopted (Table 5). IR assessed by eGDR was more
important for the development of CVD events in
patients with T1D than generally accepted CVD
risk factors, such as elevated BMI, dyslipidemia, or
hypertension (Table 5). Lower eGDR (higher IR),
longer diabetes duration, and lower HbA1c
increase CVD events risk.

Table 4 eGDR, stratified by tertiles, and relation with age, diabetes duration, control, and complications

Data Glucose disposal rate (mg kg21 min21) p value

1st tertile < 6.4 (n = 67)
(33.5%)

2nd tertile
6.4–9.5 (n = 57)
(28.5%)

3rd tertile
> 9.5 (n = 76)
(38%)

Age (years) 40.9 ± 13.1 31.7 ± 10.1 32.1 ± 10.7 \ 0.0011,2

Disease duration (years) 21.8 ± 11.9 14.8 ± 8.1 12.8 ± 9.7 \ 0.0011,2

BMI (km/m2) 26.3 ± 4.8 23.9 ± 3.5 23.3 ± 3.3 B 0.0041,2

Insulin dose (IU/day) 62.2 ± 21.2 51.7 ± 16.3 45.8 ± 17.8 B 0.0061,2

Insulin dose per kilogram 0.78 ± 0.22 0.73 ± 0.18 0.68 ± 0.25 0.201,2

HbA1c (%) 9.7 ± 2.4 9.5 ± 1.9 7.8 ± 1.2 \ 0.0012,3

Total cholesterol (mmol/l) 5.5 ± 1.5 5.3 ± 1.3 5.2 ± 1.3 0.384

LDL (mmol/l) 3.3 ± 1.1 3.1 ± 0.9 2.8 ± 1.1 0.059

HDL (mmol/l) 1.4 ± 0.5 1.6 ± 0.6 1.8 ± 0.8 0.0021,2

TG (mmol/l) 1.9 ± 1.3 1.2 ± 0.5 1 ± 0.9 \ 0.0011,2

Hypertension 61 (83.6) 12 (16.4) 0 \ 0.001

Smoking 35 (39.8) 27 (30.7) 26 (29.5) 0.079

Diabetic retinopathy 52 (44.4) 34 (29.1) 31 (26.5) \ 0.001

Microalbuminuria 38 (54.3) 20 (28.6) 12 (17.1) \ 0.001

Diabetic nephropathy 39 (54.9) 22 (31) 10 (14.1) \ 0.001

Diabetic neuropathy 60 (44.4) 42 (31.1) 33 (24.5) \ 0.001

Cardiovascular disease 19 (82.6) 0 4 (17.4) \ 0.001

Heart attack 3 (100) 0 0 0.049

Ischemic heart disease 12 (92.3) 0 1 (7.7) \ 0.001

Peripheral vascular disease 14 (82.4) 0 3 (17.6) \ 0.001

Stroke 3 (100) 0 0 0.049

Data presented as mean ± SD or n (%) and differences counted between the relevant tertiles. Superscript numbers adjacent
to p values define the tertiles being compared
BMI body mass index, HbA1c glycated hemoglobin, LDL low-density lipoprotein, HDL high-density lipoprotein, TG
triglycerides, IU international units
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The relationship between sex hormones and
IR in the population with T1D was also evalu-
ated. Positive linear correlation between men’s
T and eGDR level was observed (r = 0.33,
p = 0.04), which means that more insulin
resistant men (estimated by eGDR) had lower T
level (Fig. 2), but there was no significant asso-
ciation between eGDR level and estrogen, SHBG
in both gender, or T in women (p[0.05).

DISCUSSION

eGDR is a validated clinical tool for estimating
insulin sensitivity in T1D. Quantification of IR
and its severity is a challenging task for the
clinician, especially when a clear eGDR value is
still under discussion. There are several studies
that assessed eGDR cutoffs. For example, Tam
et al. in their study, which comprised 51 sub-
jects with diabetes and 116 subjects without
diabetes, found that 75% of individuals with an
eGDR less than 5.6 mg kg-1 min-1 were truly
insulin resistant [30]. Vladu et al. in a study
with 200 patients with T1DM used eGDR of
7.5 mg kg-1 min-1 as a maximum cutoff for IR,
but there was no detailed explanation for this
level [31]. Moreover, in a cross-sectional study

with 91 patients, Chillarón et al. [11] concluded
that diabetes complications occurred in patients
in their lowest eGDR tertile (\ 8.16 mg kg-1 -
min-1): with diabetic retinopathy (5.97 ± 1.2),
diabetic neuropathy (5.06 ± 0.4), or diabetic
nephropathy (5.79 ± 1.5). Pop and colleagues
in cross-sectional study also evaluated IR by
eGDR in 272 patients with T1DM. According to
Pop et al., eGDR was a good discriminator for
each diabetic complication (6.1 vs.
6.9 mg kg-1 min-1 for retinopathy; 6.3 vs.
7.3 for nephropathy; 6.5 vs. 7.6 for neuropathy;
and 5.2 vs. 7.5 for cardiovascular complica-
tions), with an area under the curve between
0.609 and 0.759 [32]. Division into tertiles for
eGDR evaluation was also used by Epstein et al.
They conducted a cross-sectional study that
included 207 participants with T1D [10] and
found most resistant patients at eGDR less than
5.39 mg kg-1 min-1 according to eGDR tertile.
In addition, in the Pittsburgh Epidemiology of
Diabetes Complications (EDC) study [33] where
eGDR was found from division into quintiles, it
was reported that eGDR in the lowest quintile
(\6.22 mg kg-1 min-1) was an independent
predictor of diabetes complication progression
in patients with T1D. In the current study, a
similar cutoff value of less than 6.4 mg kg-1 -
min-1 analyzing eGDR level by tertiles was
found. Participants in the lowest tertile had
significantly lower measured insulin sensitivity.
Different values of eGDR as cutoff in various
studies may be explained by the use of different
statistical methods (stratified into tertiles,
quintiles, or estimated by ROC curve) and the
differences of studied ethnic groups. According
to various data results, eGDR cutoff for IR varied
from 5 to 9 mg kg-1 min-1.

Many studies, including the current one,
demonstrated a clear association between IR
and incidence of diabetes complications in
people with T1DM [10, 11, 32, 34, 35]. The
Diabetes Control and Complications Trial
(DCCT) was a basic study that revealed the
importance of tight glucose control by
improving the onset and progression of all dia-
betic microvascular complications [36]. DCCT
demonstrated that intensive diabetes treatment
for reaching tight glucose control was associ-
ated with weight gain, elevated blood pressure,
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and dyslipidemia [37]. Still, in later results from
DCCT, intensive glycemic control was associ-
ated with better CVD outcomes [38]. Results
from the Pittsburgh EDC study showed that IR
is a major determinant of CVD associated with
T1DM. Current data confirmed that, although
conventional risk factors (e.g., hypertension,
overweight, dyslipidemia) do generally predict
the adverse CVD outcomes, eGDR or IR was the

strongest independent factor for CVD. eGDR
less than 2.34 mg kg-1 min-1 significantly
increased CVD events risk. This is the first study
that assessed CVD risk according to eGDR.
Moreover, negative CVD outcomes were also
related to longer diabetes duration and lower
HbA1c. Bicu et al. [13] also found that eGDR
was strongly negatively correlated with CVD
events in patients with T1D and diabetes dura-
tion longer than 10 years. Interesting, that
lower HbA1c had a negative effect on CVD
outcomes. It is known that hypoglycemia,
which arises from tight glucose control and an
intensive insulin regime, itself may increase the
risk of CVD [39]. This shows that the personal-
ized target HbA1c is very important, especially if
the patient has a long duration of diabetes, and
chronic diabetes complications are advanced.

Association between eGDR and other vari-
ables was also evaluated. eGDR was significantly
lower in smokers, male patients aged 50 years or
more, and in long-standing T1D. Older age and
long evolution of diabetes are factors known to
be associated with IR as shown in numerous
studies [31, 40, 41]. A possible explanation for
these associations, according to Teixeira et al., is
hypertension, a component of the eGDR for-
mula that is more prevalent in patients with
T1D after several years of the disease. Moreover,
naturally age-related IR also has an influence on
lower eGDR. Gender difference in IR is also a
known factor. It is believed that greater
amounts of visceral and hepatic adipose tissue,
simultaneously with the lack of a possible pro-
tective effect of estrogen, may be related to
higher IR in men compared with women [42].
The relationship between smoking and unfa-
vorable metabolic profile was also demonstrated
in many previous studies showing that smokers
with T1DM were more IR [43]. However,
mechanisms responsible for smoking-induced
insulin resistance are unclear. Some data sug-
gest that basal inhibition of insulin signaling
may be an important mechanism responsible
for smoking-induced IR [44].

Further variables that are associated with IR
were examined, including sex hormones. Data
on the association between T levels and IR are
inconsistent. In most studies, T levels did not
differ between diabetic men and control

Table 5 Binary logistic regression analysis of various
variables influencing CVD events in patients with T1D

Variable Binary logistic regression

OR (95% CI) p value

Diabetes duration 1.127 (1.062–1.196) \ 0.000

eGDR 0.639 (0.491–0.830) 0.001

HbA1c 0.639 (0.425–0.962) 0.032

BMI 1.069 (0.907–1.261) 0.426

TG 1.243 (0.779–1.982) 0.361

HDL 1.667 (0.658–4.224) 0.282

Hypertension 0.610 (0.030–1.423) 0.748

eGDR estimated glucose disposal rate, HbA1c glycated
hemoglobin, BMI body mass index, TG triglycerides, HDL
high-density lipoprotein
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subjects, but in observational studies diabetic
men have demonstrated a higher occurrence of
hypogonadism when compared with non-dia-
betics [45, 46]. Relatively few data are available
on association between T levels and IR in men,
especially in patients with T1D. Two studies
demonstrated a positive relationship between
total T levels and IR in diabetic men [47, 48]. In
contrast, two studies demonstrated no correla-
tion [23, 49], whereas some of them show a
weak positive relationship [48]. Current data
showed a positive correlation between total T
level and IR. These controversial conclusions
can be explained by the different demographic
and biochemical patient characteristics; other-
wise they could point to the need for additional
research.

Birkeland et al. [47] reported that the level of
SHBG represents an index of IR, and many
studies have confirmed this result [16], but
current study results did not show any relation
between SHBG and IR, estimated by eGDR.

Furthermore, analyzing IR in T1D, we found
increased IR frequency according to eGDR in
obese patients with T1D. It is commonly known
that obesity is related to IR. Low grade inflam-
matory cells (like adiponectins, tumor necrosis
factor, etc.) in white adipose tissue directly
cause IR [50]. Obesity in T1D might be
explained in part by intensive insulin therapy,
which causes insulin-induced IR and weight
gain, increased frequency of hypoglycemic epi-
sodes, and by genetic traits. However, hypo-
glycemia frequency and insulin dose per kilo
did not differ from the lean group in the current
study. Moreover, these study results revealed
that patients with T1D and a positive family
history of T2D were not susceptible to weight
gain, while MS phenotype prevalence was
higher in obese than in lean patients with T1D,
with a tendency to significant difference. Pur-
nell et al. analyzed the relationship of family
history of T2D with weight gain and dyslipi-
demia. They concluded the opposite, i.e., sub-
jects with T1D with a family history of T2D had
a greater weight gain and dyslipidemia rate [51].
More studies are needed to gain further insights
into the anthropometric and metabolic deter-
minants of IR in T1D.

In conclusion, this cross-sectional study of
patients with T1D estimated that the cutoff
value of eGDR that reflects IR is less than
6.4 mg kg-1 min-1. According to this value,
patients with IR more frequently had
microvascular complications and CVD events.
eGDR less than 2.3 mg kg-1 min-1 was a cutoff
for negative CVD outcomes. Lower eGDR,
longer diabetes duration, and lower HbA1c sig-
nificantly increased CVD outcomes risk. Also,
eGDR was significantly lower in smoking,
obese, male patients aged over 50 years, and
with long-standing T1D. Moreover, T levels in
men had a positive correlation with IR in T1D.
Patients with T1D and a positive family history
of T2D were not susceptible to weight gain,
while MS phenotype prevalence tended to be
higher in obese than in lean patients with T1D.

Limitations of the study

The following limitations of the current study
should be taken into account. First, the study
design. The study was cross-sectional and thus
limited the ability to draw valid conclusions of a
temporal association between IR development
and micro- and macrovascular diabetes com-
plications. The second limitation was the rela-
tively small sample size, which could decrease
the probability to detect real differences
between groups. The third was the lower per-
centage of patients who were tested for sex
hormones (62% of those included in the study).
This was due to financial and logistic organiza-
tion difficulties. Therefore, the results related to
sex hormones could be misinterpreted or pos-
sible associations missed. For example, this
study has not demonstrated the relation
between IR and SHBG level, whereas the
majority of other studies observed this rela-
tionship; a possible explanation for this could
be too small a sample in our cohort.
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