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Abstract

Background: Antithrombin 3 (AT3) is a physiological inhibitor of thrombin, and serum AT3 Key Words
activity was found to decrease at the status of type 2 diabetes (T2D). T2D was presented
with an increased risk of thrombotic complications at the background of impaired insulin
sensitivity. The aim of this study was to investigate the relationship between insulin
sensitivity indices and serum AT3 activity in patients with T2D.

Methods: We conducted a cross-sectional study in patients with T2D who consented

to participate in the study at the Endocrinology Department of Affiliated 2 Hospital of
Nantong University from January 2015 to June 2018. All patients received serum AT3
activity test and 75 g oral glucose tolerance test (OGTT). Basal and systemic insulin
sensitivity were assessed by homeostasis model assessment of insulin resistance
(HOMA-IR) and Matsuda index (ISly,.suqa) respectively, from the OGTT. And other relevant
clinical data were also collected.

Results: Total of 1612 patients with T2D were enrolled in the study, with a mean age

of 58.67 + 13.09 years and a median diabetes duration of 6 years (interquartile range,
1-10 years). Across ascending quartiles of serum AT3 activity, HOMA-IR progressively
decreased, while ISly,.su4a Progressively increased (all P for trend < 0.001). Moreover,
serum AT3 activity was negatively correlated with HOMA-IR (r = -0.189, P < 0.001)

and positively correlated with ISl .42 (F = 0.221, P < 0.001). After adjusting for other
metabolic risk factors, hemostatic parameters and glucose-lowering therapies by
multivariate linear regression analysis, HOMA-IR (8 = —0.185, t = —=5.960, P < 0.001) and
ISlpyatsuda (B =0.197, t = 6.632, P < 0.001) remained independently associated with the
serum AT3 activity in patients with T2D, respectively.

Conclusions: Reduced basal and systemic insulin sensitivity are associated with decreased
serum AT3 activity in patients with T2D.
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Introduction

Individuals with type 2 diabetes (T2D) suffer from end products (AGEs) collectively contribute to
an increased risk of thrombotic complications such  hypercoagulationin T2D (2).

as myocardial infarction (MI), stroke, and venous Insulin resistance, also termed 'reduced insulin
thromboembolism (VTE) (1). Hyperglycemia, increased  sensitivity', is of central importance in the pathogenesis
oxidative stress, and the formation of glycosylation  and progression of T2D and contributes to many metabolic
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disorders, including hypercoagulation, hypo-fibrinolysis,
dyslipidemia and hypertension (3). The hyperinsulinemic-
euglycemic clamp technique is the gold standard for
evaluating insulin resistance in humans but is costly for
large sample clinical studies. An alternative method of
evaluating insulin sensitivity has been derived from the
oral glucose tolerance test (OGTT). Basal insulin resistance
assessed by homeostasis model assessment of insulin
resistance (HOMA-IR) and systemic insulin sensitivity
assessed by Matsuda’s insulin sensitivity index (ISIy;,uqa)
can be easily derived from OGTT and are practical for
application in large-scale clinical studies (4, 5). And
previous clinical studies have demonstrated that these
insulin resistance indices were independently associated
with poor outcomes of cardiovascular disease (CVD) and
acute ischemic stroke (6, 7).

Antithrombin 3 (AT3), one of the most important
natural anticoagulants, plays a key role in controlling
coagulation balance (8). Accumulating evidence has
demonstrated that serum AT3 activity decreased in
patients with T2D, stroke, and left atrial thrombus, when
compared with normoglycemic subjects (9, 10, 11). AT3
activity deficiency may lead to vascular degenerative
complications in T2D, such as diabetic retinopathy (12).
The main mechanism may be that AT3 contains a link site
for thrombin and heparin from which thrombin links with
AT3 and then forms thrombin-AT3 complex, the inducer of
thrombosis (13). Under the pathological condition of T2D,
hyperglycemia promotes the product of AGEs; as a result,
non-enzymatic glycation leads to structural modifications
of AT3 and favors thrombosis (14). However, the incidence
and progression of T2D are primarily attributed to
impaired insulin sensitivity, and the relationship between
serum AT3 activity and insulin sensitivity in T2D has not
been fully elucidated. We hypothesize that reduced insulin
sensitivity may play a vital role in the decreased AT3
activity in T2D.

Therefore, the present study we designed is to
investigate the relationship between serum AT3 activity
and insulin sensitivity indices, assessed by HOMA-IR
and ISI,uqa) in @ large sample of patients with T2D.

Methods
Study design and participants

We conducted this cross-sectional study in patients
with T2D who visited the Endocrinology Department of
Affiliated 2 Hospital of Nantong University from January
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2015 to June 2018. The study flowchart is shown in Fig. 1.
The inclusion criteria were as follows: (i) diagnosis of
T2D according to the American Diabetes Association
(ADA) criteria in 2011; (ii) aged 20-75 years; (iii) received
a test for OGTT; (iv) fasting C-peptide > 0.5 ng/mL; and
(v) consented to participate in the study. The exclusion
criteria were as follows: (i) other types of diabetes; (ii) use of
anticoagulant drugs; (iii) medical history of malignancy;
(iv) abnormal thyroid function; (v) connective tissue
diseases; (vi) severe hepatic and renal failure; and (vii)
severe cardiovascular and cerebrovascular diseases, such
as MI and stroke. Finally, a total of 1612 T2D patients with
complete data were pooled for analysis.

Basic data collection

The basic information of all participants was obtained,
including age, sex, height, weight, blood pressure, diabetes
duration, previous and present medical history, and history
of glucose-lowering therapies. Glucose-lowering therapies
included lifestyle alone, insulin treatments, insulin-
secretagogues, pioglitazone, a-glucosidase inhibitors
(AGIs), glucagon-like peptide-1 receptor agonists (GLP-
1RAs) and dipeptidyl peptidase 4 inhibitors (DPP-41s). The
BMI was calculated as the ratio of the weight (kg) to the
square of the height (m?). Hypertension was identified by
systolic blood pressure (SBP) > 140 mmHg, a diastolic blood
pressure (DBP) > 90 mmHg, a history of hypertension or
current use of antihypertensive drugs.

Calculation of insulin sensitivity indices from OGTT

A'75 g OGTT was administered in the all recruited patients
after an overnight fast of at least 12 h. Venous blood
samples were drawn at fasting (0) and at 0.5, 1, 2, and
3 h after the glucose load for the measurement of serum
glucose and insulin levels. Basal insulin resistance was
assessed by HOMA-IR, which was defined as follows:
HOMA-IR = (fasting glucose x fasting insulin)/22.5.
Systemic insulin sensitivity was assessed by ISIcudar
which was calculated by the following formula:
ISTyfaesuda = 10,000/sqrt  (fasting  glucose x  fasting
insulin x mean glucose x mean insulin).

Laboratory examination

As biomarkers from the OGTT, serum insulin level (using
the chemiluminescence method) was measured with

© 2021 The authors
Published by Bioscientifica Ltd

https://ec.bioscientifica.com
https://doi.org/10.1530/EC-21-0087

This work is licensed under a Creative Commons
Attribution-NonCommercial 4.0 International License.

D OB


https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1530/EC-21-0087
https://ec.bioscientifica.com

' Endocrine

W CONNECTIONS

H Wang, | Cao et al.

Patients with diabetes visited at
the Endocrinology Department
from January 2015 to June 2018

activity in T2D
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A4

Included

*  Type 2 diabetes

e Aged 20-75 years

* Received test for OGTT

» Consented to participate in the study

Initial inclusion for study
analysis (n=2177)

Excluded (n=565)

* Fasting C-peptide < 0.5ng/ml (n=431)

*  Other types of diabetes (n=8)

* Use of anticoagulant drugs (n=12)

*  Medical history of malignancy (n=45)

* Abnormal thyroid function (n=10)

* Connective tissue diseases (n=5)

* Severe hepatic and renal failure (n=28)

* Severe cardiovascular and cerebrovascular
diseases, such as MI and stroke (n=26)

10:7 669

A4
Available data for final
analysis(n=1612)

an immunoassay system (DxI 800, Beckman Coulter),
and serum glucose level (using the oxidase method) was
measured with an automated biochemical instrument
(Model 7600, Hitachi). Meanwhile, fasting venous
blood samples were also collected from all patients
for the measurement of other clinical biomarkers.
Coagulation function indices, serum AT3 activity (using
the chromogenic substrate assay), and prothrombin time
(PT), activated partial thromboplastin time (APTT), and
fibrinogen (Fg) (using the solidification method) were
measured with an automated blood coagulation analyzer
(CS-5100 system, Sysmex). Serum creatinine (Scr), uric
acid (UA), triglyceride (TG), total cholesterol (TC), low-
density lipoprotein cholesterol (LDL-C) and high-density
lipoprotein cholesterol (HDL-C) were measured with an
automated biochemical analyzer (Model 7600; Hitachi).
Glycosylated hemoglobin (HbA1lc) was measured with an
ion exchange-based HPLC method (D-10 system, Bio-Rad).

Statistical analysis

We used SPSS for Windows, standard version 19.0 (IBM Co.),
to input and analyze the data. To analyze the association
of serum AT3 activity with insulin sensitivity indices and
other clinical variables, all patients were divided into four
subgroups by quartiles of the AT3 activity levels (Table 1).

Figure 1
The study flowchart.

Clinical variables are displayed asmeans+s.D.sfornormally
distributed data, medians (25 and 75% interquartile
ranges) for skewed data and frequencies (percentages)
for categorical data. The insulin sensitivity indices in our
study were skewed, a natural logarithm transformation (In)
was used in the further analysis, such as INnHOMA-IR and
INISTy ;00

ANOVA followed by a post-test for linear trend was
used to compare the trends in continuous data, and a
linear-by-linear association chi-squared test was used
to compare the trends in categorical data among the
four subgroups based on serum AT3 activity quartiles.
Moreover, Pearson’s test was conducted in the correlation
of serum AT3 activity with InHOMA-IR and InISI,,.qda
(Fig. 2A and B). Considering that the exogenous insulin
injections may have an influence on insulin sensitivity,
the partial correlation was used to adjust the effect of
exogenous insulin on the correlation of AT3 activity with
InHOMA-IR and InISI,, 4. (Fig. 2C and D). Furthermore,
we used multivariable linear regression analyses to
explore the independent effects of insulin sensitivity
indices on serum AT3 activity (Tables 2 and 3). The initial
model 0 was unadjusted; model 1 was adjusted for age,
sex, diabetes duration, BMI, SBP, DBP, TC, TG, HDL-C,
LDL-C, Scr, PT, APTT, Fg, HbAlc and glucose-lowering
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Figure 2
Scatter plot for the correlations between insulin
sensitivity indices and AT3 activity (A and B:
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therapies. Statistical significance was identified when a
value of P was less than 0.05.

Results
Clinical characteristics of the participants

Table 1 displays the characteristics of the 1612 recruited
patients for the total and according to quartiles of serum
AT3 activity. The normal reference of serum AT3 activity is
between 70 and 140% in our laboratory, and 8.1% (n=131)
of recruited patients had a level of serum AT3 activity less
than 70%. The average serum AT3 activity of total patients
was 92.07 £ 16.92% and of the AT3 activity quartiles was
71.35 £ 6.41% (first quartile, Q1), 85.55 + 3.34% (second
quartile, Q2), 97.08 + 3.60% (third quartile, Q3) and
114.36 £+ 9.13% (fourth quartile, Q4), respectively. With the
quartiles of the serum AT3 activity increasing, DBP, TG, TC,
HDL-C, LDL-C, Fgand InISI, .4, l€Vvels significantly tended
to increase, while age, Scr, PT, APTT and InHOMA-IR levels
significantly decreased (P for trend < 0.001). However,
the male ratio, BMI, SBP, diabetes duration, prevalence
of hypertension and HbA1lc did not show any differences
among the AT3 activity quartiles.

Table 2 Association of InHOMA-IR with AT3 activity by
multiple linear regression.

InISTya

unadjusted; C and D: adjusted for insulin

suda treatments).

Correlations between serum AT3 activity and
insulin sensitivity indices

Pearson’s correlation tests showed that serum AT3 activity
significantly negatively correlated with InHOMA-IR
(r=-0.189, P < 0.001) (Fig. 2A) and positively correlated with
InISTy 02 = 0.221, P < 0.001) (Fig. 2B). After adjusting
for exogenous insulin injections by partial correlation
analyses, serum AT3 activity still significantly negatively
correlated with InHOMA-IR (r = -0.184, P < 0.001) (Fig.
2C) and positively correlated with InISI, ;4. (r = 0.216,
P < 0.001) (Fig. 2D). Serum AT3 activity tended to decrease
with the deterioration in insulin sensitivity.

Multiple linear regression analysis with serum AT3
activity as the dependent variable

Tables 2 and 3 show the degree of the influence of insulin
sensitivity indices (InHOMA-IR and InISIy,,4,) ON serum
AT3 activity by multivariate linear regression analyses
in all recruited patients with T2D. After adjusting for
demographic parameters, lipids profile, Scr, HbAlc,
coagulation function and glucose-lowering
therapies by multivariate linear regression analyses,
HOMA-IR (B = -0.185, t = -5.960, P < 0.001) (Table 2) and

indices

Table 3 Association of InlSly, .4, With AT3 activity by
multiple linear regression.

Model B (95% Cl) B t P value
Model 0 —3.631 (=4.555to —2.707) —0.189 —7.708  <0.001
Model 1 —3.472 (-4.615t0 —2.329) —0.185 -5.960  <0.001

Model B (95% CI) B t P value
Model 0  5.349 (4.193 to 6.504) 0.221 9.080 <0.001
Model 1 4.636 (3.264 to 6.007) 0.197 6.632 <0.001

Model 0: unadjusted; Model 1: adjusted for age, sex, BMI, SBP, DBP,
diabetes duration, TC, TG, HDL-C, LDL-C, Scr, PT, APTT, Fg, HbA1c and
glucose-lowering therapies.

Model 0: unadjusted; Model 1: adjusted for age, sex, BMI, SBP, DBP,
diabetic duration, TC, TG, HDL-C, LDL-C, Scr, PT, APTT, Fg, HbA1c and
glucose-lowering therapies.
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ISTfatsuda (B=0.197, t = 6.632, P < 0.001) (Table 3) remained
independently associated with the serum AT3 activity in
patients with T2D, respectively.

Discussion

In the present study, we investigated the association of
insulin sensitivity with the serum AT3 activity in a large
Chinese population with T2D (n = 1612). The main findings
of our study are shown as following: first, basal insulin
resistance assessed by HOMA-IR and systemic insulin
sensitivity assessed by ISI;aa Were closely associated
with serum AT3 activity in T2D patients; secondly, the
associations of the two insulin sensitivity indices with
serum AT3 activity were independent of glucose-lowering
therapies and other metabolic risk factors. These findings
imply that both impaired basal and systemic insulin
sensitivity may contribute to decreased serum AT3 activity
in patients with T2D.

Atherothrombotic events, myocardial
infarction, ischemic stroke and cardiovascular death,
are the result of platelet adhesion and activation on the
ruptured atherosclerotic plaques. T2D is associated with a
hypercoagulable state, and patients with T2D are at a high
risk of atherothrombotic events (15, 16). Hyperglycemia,
an extrinsic hallmark of T2D, together with dyslipidemia,
obesity, aging, pregnancy, surgery and trauma may play a
major role in the formation of a hypercoagulable state (17,
18, 19). Hyperglycemia was reported to be involved in the
platelet activation, leukocyte aggregation, microparticles
formation, endothelial dysfunction, impaired plaque
remodeling, activation of coagulation and decreased
fibrinolytic activity (20). Ephraim et al. (21) revealed that
patients with T2D, who have a high risk of coagulation, were
presented with shortened APTT and PT when compared
with healthy controls. Moreover, these T2D patients
were also characterized by the downregulation of serum
AT3 activity, especially when they were accompanied by
diabetic complications. In our present study, 8.1% of
recruited patients had a level of serum AT3 activity less
than 70%, whereas the prevalence of AT3 deficiency in
healthy controls was 0.02 to 0.17% and in patients with
VTE was 1.1% (22, 23). Under the circumstance of diabetes,
chronic hyperglycemia may result in the excess formation
of non-enzymatic glycosylation products and lead to
structural modifications in various proteins (24, 25, 26).
Serum AT3, the natural anticoagulant, is also prone to
be non-enzymatically modified under the condition of
hyperglycemia, which may facilitate the occurrence of

such as

Insulin sensitivity and AT3
activity in T2D

atherothrombotic events (27). However, HbAlc did not
show any differences among the quartiles of serum AT3
activity in our study. The possible reason might be that
91.8% of recruited patients of our study have received one
or more glucose-lowering agents, which may attenuate the
relationship between HbA1c levels and serum AT3 activity.

As a natural anticoagulant, the main physiological
function of AT3 is toregulate coagulation via the inhibition
of factor Ila (related to PT), IXa, Xa, XIa and XIIa (related to
APTT) (28). In our study, with the quartiles of the serum
AT3 activity increasing, PT and APTT levels significantly
tended to decrease while Fg levels significantly increased.
In addition, serum AT3 activity was found to be correlated
withlipidsprofile (29). Ourdatashowed that HDL-C,LDL-C,
TG and TC tended to increase across ascending quartiles
of serum AT3 activity. Moreover, patients with higher age
showed a lower activity of AT3. A previous basic study has
proved that aging may lead to decreased AT3 activity (30).
Additionally, Addai-Mensah et al. (31) found that poorly
managed T2D was associated with reduced levels and
activity of AT3 compared to well-managed T2D.

The intrinsic pathogenesis of T2D is primarily
attributed to impaired insulin sensitivity(32). With the
background of insulin resistance, T2D patients were at a
high risk for ischemic cardio-cerebrovascular events when
compared to nondiabetic subjects, in which thrombosis
played an important role (15, 33, 34, 35, 36, 37). And
insulin resistance may promote the prothrombotic state
and subsequent formation of thromboembolism in T2D
(38). In our present study, we investigated the association
of insulin sensitivity with the AT3 activity in patients
with T2D, and we found that decreased AT3 activity
was in relation to both the impaired basal and systemic
insulin sensitivity. And decreased AT3 activity may lead
to an increase in thrombin and thrombin-activatable
fibrinolysis inhibitor (TFAI). The TFAI was also an indicator
ofinsulin resistancein T2D and polycystic ovary syndrome
(PCOS) (39, 40). Furthermore, serum AT3 activity was
found to decrease acutely in obese patients with COVID-
19 and poor prognosis who were often presented with
severe insulin resistance (41), while serum AT3 activity
increased after gastric bypass surgery in severely obese
patients because of weight loss and improvement in
insulin resistance (42). These changes may be at least
partially explained by the finding of our present study
that serum AT3 activity was closely connected to insulin
sensitivity. However, Ragab et al. (43) indicated that there
was no correlation between AT3 activity and HOMA-IR in
patients with metabolic syndrome, which was different
from this study. The possible explanation is that the AT3
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activity may be affected by other factors such as blood
lipids and blood pressure in patients with metabolic
syndrome.

Several possible mechanisms may explain the link
between decreased AT3 activity and insulin resistance in
T2D. First, thrombin activity enhanced when serum AT3
activity reduced. In T2D db/db mice, the binding process
of thrombin to its receptors stimulated the release of
inflammatory cytokines such as monocyte chemoattractant
protein-1 (MCP1)and interleukin-6 (IL6), which contributed
to the insulin resistance (44). Secondly, under the condition
of insulin resistance, the mitogen-activated protein kinase
(MAPK) pathway of binding insulin is activated, which
promotes the secretion of endothelin-1, a platelet activator,
vasoconstrictor and mitogenic stimulus for vascular smooth
muscle cells (45). As a result, the coagulation process
enhanced while the antithrombin process weakened.
Thirdly, under the circumstance of insulin resistance, the
secretion of glucose-stimulated insulin increases, which
induces tissue factor (TF) expression in monocytes leading
to increased TF procoagulant activity and decreased
antithrombin effect (46).

There are somelimitations of this study. First, decreased
AT3 activity could not directly represent the probability of
adverse atherothrombotic events. Secondly, it was a cross-
sectional observational study that could not definitively
illustrate the causality of the association between reduced
insulin sensitivity and decreased AT3 activity. Thirdly,
insulin sensitivity should be assessed by the gold standard
of hyperinsulinemic-euglycemic clamp technique, but the
method was difficult to be applied in large epidemiological
studies. HOMA-IR and ISI, 4, are derivative indicators
from OGTT and couldbe easily used in these studies. Finally,
our study was performed in a Chinese population from the
same hospital, and our findings may lack generalizability
to other populations.

Conclusions

In conclusion, reduced basal and systemic insulin
sensitivity are associated with decreased serum AT3 activity
in patients with T2D. And our findings imply that therapies
targeted to impaired insulin sensitivity may improve serum
AT3 activity in patients with T2D.
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