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ABSTRACT

Background: Diabetes mellitus is an independent predictor of higher major adverse cardiac events (MACE) rate following
percutaneous transluminal coronary angioplasty (PTCA) in acute coronary syndrome (ACS). Higher thromboxane production in
diabetic patients has not been linked to aspirin resistance and recurrent events.

Methods: This prospective observational cohort study aimed to investigate urinary 11-dehydro-thromboxane B2 (dh-TxB2) lev-
els in diabetic and non-diabetic ACS patients undergoing PTCA and its association with MACE. The dh-TxB2 ELISA assay was
performed during index admission in all patients, and they were followed-up for 1-year.

Results: Out of the 192 patients enrolled, 84 (43.8%) were diabetic and 108 (56.2%) were non-diabetic. Median dh-TxB2 levels
were higher among diabetics compared to non-diabetics [577.7 pg/mg Cr (IQR 991.2:62.8-1054.0) vs. 344.0 pg/mg Cr (IQR
691.4:73.4-764.8) respectively]. Patients with and without diabetes had 1-year MACE rates of 14.3% and 7.4% respectively
(P=0.096). The patients who developed MACE had higher dh-TxB2 levels in both the groups [nondiabetics: 419.6 (non-MACE)
vs. 1349.7 pg/mg Cr (MACE); p<0.001] [diabetics: 647.7 (non-MACE) vs. 1346.5 pg/mg Cr (MACE); p = 0.029].

Conclusion: Patients with DM had higher dh-TxB2 levels within 24 hours of PTCA despite similar aspirin therapy. Diabetic ACS
patients who have the concentration of dh-TxB2 more than >1496 pg/mg Cr developed more MACE than their counterparts in
non-diabetics. The dh-TxB2 concentration may be used as a predictor of early MACE in diabetic ACS patients.
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neous Transluminal Coronary Angioplasty

INTRODUCTION Further, diabetes is associated with a 2- to 4-fold higher risk

' . ) of cardiovascular disease (CVD), and diabetic patients have

Acute coronary .syndrome (ACS) is a state of ischemic car- v timed more risk of mortality compared to non-diabetic
dlaf: abnormalities apd results from accelerated at.heroscle- patients>®. The presence of diabetes is a strong independent
rosis process'. The simultaneous presence of the risk factor predictor of short-term and long-term recurrent ischemic
con.trlbutes. to enhgnced morbidity and mortality mn tl}f?se events in ACS patients after percutaneous transluminal coro-
patients. Diabetes is one of the most frequent comorbidities nary angioplasty (PTCA)**. The Hyperglycemic state caused

in patients with heart disease and leads to increased athero- by DM increases platelet aggregation, adhesion, and plate-
thrombotic risk***. Landmark trials showed that around 15- 14t turnover along with increased production of p-selectin

40% of patients with ACS have a background of diabetes’. prostacyclin, nitric oxide, and thromboxane. These factors
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play a crucial role in the atherothrombotic process in high-
risk patients>’®. Thromboxane is a potent platelet aggrega-
tion factor and excreted in the urine in the form of 11-dehy-
dro-thromboxane B2 (dh-TxB2). It is a stable metabolite of
thromboxane A2, which indicates thromboxane production
and platelet activation in vivo®'®. Previous studies showed
that diabetic patients produce more thromboxane as compare
to healthy subjects™®. In a very few studies, diabetic patients
who were on aspirin treatment showed high thromboxane
levels as an independent risk factor for future major adverse
cardiac events (MACE)'"12,

The majority of the studies investigated aspirin dose-re-
sponse to inhibit platelet hyperactivity using platelet func-
tion assays in coronary artery disease (CAD) patients. The
light transmission aggregometry was widely used in the past
decades but is unable to estimate dh-TxB2 directly>!"!*. Uri-
nary dhTxB2 measurement is a direct and more sensitive
method to evaluate in-vivo platelet activation. The studies
on direct estimation of dh-TxB2 are limited in the high-risk
ACS population*!!. Therefore, the present study aimed to as-
sess the effect of diabetes on thromboxane production in pa-
tients with ACS who underwent percutaneous transluminal
coronary angioplasty with drug-eluting stents (DES) and its
association with one-year outcomes.

METHODS

Information Disclosure

This prospective cohort study has included 192 patients with
ACS who underwent PTCA at our tertiary care center from
May 2017 to April 2018. The study protocol was cleared
from the institutional ethics committee and further written
informed consent was taken to all recruited patients for par-
ticipating and sample collection under the present study. Be-
fore starting the study, a brief report was provided for clini-
cal trial registration, and the approval statement was issued
in January 2018 (CTR1/2018/01/011578).

Study Design, Population and Baseline Charac-
teristics

All recruited patients were divided into two groups based on
the presence of diabetes mellitus (DM). The patients were
eligible for inclusion if aged > 18years, diagnosed with ACS,
prescribed on dual antiplatelet therapy (aspirin along with
P2Y12 inhibitor), and successfully underwent PTCA for the
first time.

The patients were excluded from the study if: on oral or par-
enteral anticoagulation, use of non-steroid anti-inflammato-
ry drugs in the last one month, psychiatric illness on medi-
cations which can impact patient’s behaviour to medication
compliance, pregnancy, severe valvular heart disease, histo-

ry of active malignancy or chronic inflammatory conditions,
cancer, hemorrhagic diathesis, liver cirrhosis, severe renal
disease, patient’s refusal to participate in the study. Other ex-
clusion criteria include haemoglobin levels <10 g/dL (both
males and females), platelets <100,000/mm?* or >500,000/
mm?, serum creatinine >1.2 mg/dl, and patients with ejection
fraction <40%.

All the patients were loaded with dual antiplatelet therapy
(DAPT), aspirin 325 mg with ticagrelor 180 mg, or clopi-
dogrel 300 mg at the patient’s arrival to the hospital. At
hospital discharge, they were prescribed to take aspirin (75
mg-150 mg) with ticagrelor 180 mg or clopidogrel (75 mg-
150 mg) daily and instructed to take medicines on scheduled
time until hospital re-visit or unless directed otherwise by a
physician.

At the time of enrolment in the study, demographics char-
acteristics, data on comorbidities, history of presenting
complaints, medical history, and medication history were
collected for the subjects using standardized data collection
forms. Every crucial aspect of coronary interventions and
cardiovascular symptoms were analyzed.

Sample Collection and dh-TxB2 estimation

For diabetic and non-diabetic patients who participated in
the study, blood samples were collected by clean venipunc-
ture to perform standard laboratory tests at index hospitali-
zation. Further, for every patient, urine samples were also
collected for dh-TxB2 measurement. The first-morning urine
sample was collected within 24 hours of post-angioplasty
and immediately stored at -80°C for future analysis. The su-
pernatant was used for further processing after centrifuging
the sample at 1000 g for 15 minutes. The concentrations of
metabolite dh-TxB2 were measured using a commercially
available ELISA assay (Assay #519510, Cayman Chemical,
Ann Arbor, MI, USA), according to the manufacturer’s in-
structions. The assay was performed within three months of
sample collection with the help of the colourimetric method.
The dh-TxB2 concentrations were normalized to urinary cre-
atinine concentrations, and results were expressed as a ratio,
in picograms of dh-TxB2 per milligram of urine creatinine
(pg/mg Cr). The cut-off value of dh-TxB2 was calculated
>1495.8 pg/mg Cr as per the receiver operating characteris-
tic (ROC) curve.

Follow-up and Study Outcome Measurements

All the patients were followed up for 12-months after re-
cruitment for primary and secondary clinical outcomes.
Primary outcomes were compared between both groups in
the form of composite MACE. For the current study, MACE
was defined as a composite of myocardial infarction [unsta-
ble angina, non-ST segment elevation myocardial infarction
(NSTEMI), ST-segment elevation myocardial infarction
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(STEMI)], stroke, target vessel revascularization (TVR), tar-
get lesion revascularization (TLR), and cardiovascular and/
or all causes death. Heart failure (HF) was presented as a
secondary outcome, and patients who developed HF were
compared separately from MACE.

Statistical Analysis

Categorical variables were expressed as proportions, and
continuous variables were reported as mean £SD or median,
depending on their distribution. Proportions were compared
using the chi-square test and Fisher exact test. Continuous
variables were compared by Student #-test or paired t-tests
for normally distributed data and Independent samples me-
dian test. The impact of DM and explanatory variables were
analyzed using Cox’s proportional hazards regression mod-
el. Univariate logistic regression analysis was performed
to evaluate the associations between DM and dh-TxB2 and
MACEs. Further optimized multivariable Cox proportional
hazard models were used to identify the independent pre-
dictors that correlated with diabetic ACS patients. Time-to-
point survival was presented using the Kaplan-Meier curve.
The statistical analyses were performed with SPSS software
version 22.0 and P- values < 0.05 were considered to be sta-
tistically significant.

RESULTS

Out of the total, 108 (56.2%) patients were in the non-diabet-
ic group and 84 (43.8%) in the diabetic group. The majority
of patients who have DM were male and had a history of
hypertension (p = 0.001). Diabetic patients had higher LDL
levels than non-diabetic patients. The majority of diabetic
patients had the multivessel disease as compared to non-
diabetic patients. The patient’s baseline clinical and demo-
graphics characteristics, disease-related details along with
intervention, and medication description were analyzed be-
tween defined groups (Table 1).

During the 12-months follow-up period, we observed 10.4%
incidences of composite MACE in recruited patients, 14.3%
in diabetic, and 7.4% in the non-diabetic group with no sig-
nificant difference. There were 3.6% of patients who had
CV death in the diabetic group, while no CV death was ob-
served in the non-diabetic group (Table 2). Diabetic patients
displayed significantly higher concentration of dh-TxB2 in
comparison to non-diabetic patients [577.7 pg/mg Cr {IQR
991.2 (62.8-1054.0)} vs. 344.0 pg/mg Cr {IQR 691.4 (73.4-
764.8)} respectively]. Concentration differences of dh-TxB2
were significant between the patients who developed MACE
and who did not, in non-diabetic [419.6 (non-MACE) vs.
1349.7 pg/mg Cr (MACE); p<0.001] and diabetic groups
[647.7 (non-MACE) vs. 1346.5 pg/mg Cr (MACE); p =
0.029] (Fig. 1). Patients in diabetic and non-diabetic groups

who have a high concentration of dh-TxB2 (>1496 pg/mg
Cr) developed more MACE (33.3%) and (50%), respec-
tively, in comparison to the patients with low 11-dh-TxB2
concentration than the cut-off (p <0.05).

The independent predictors of composite MACE in diabetic
against non-diabetic patients were analyzed (Table 3). Time-
to-event curve did not have significant difference between
survivals in both the groups [306 (diabetic) vs. 330 days
(non-diabetic); p = 0.129] (Fig. 2).

DISCUSSION

We evaluated the urinary thromboxane production in dia-
betic ACS patients who underwent PTCA, to understand the
impact of thromboxane and diabetes combine immediately
after angioplasty. Our study demonstrated that immediately
after PTCA, thromboxane production increased in diabetic
patients when compared with non-diabetic patients. We also
observed that ACS patients who have a high concentration
of dh-TxB2 more than cut off value developed more MACE
compare to patients with low dh-TxB2 concentration.

In ACS patients, thromboxane production directly reflects
platelet activation, and the metabolite is approximately two
times higher in comparison to healthy individuals. In patients
who underwent PTCA, the 11-dh-TxB2 level increases up to
15-fold within the 2.5 to 5.0-hours>'®. Immediate after PTCA
platelets get over-activated and released in high amounts due
to intense physiologic stress and inflammation'¢'”. PTCA
acts as an acute and local stimulus to activate platelets, which
is an important factor for recurrent events. Further, clinical
factors also affect platelet activity, including diabetes''.

Earlier studies showed that DM is associated with short and
long-term adverse clinical outcomes*. The recurrence rate
of ischemic events is high in diabetic patients compared to
healthy individuals. In these patients, platelets have an in-
creased tendency to activate and aggregate, which leads to
platelet hyperactivity. Platelet reveals reduced membrane
fluidity, which may reflect glycation of membrane pro-
teins and increased metabolism of arachidonic acid in dia-
betic patients in response to this TxA2 production enhances,
which in turn contributes to increased platelet sensitivity>
1820 Francesco Zaccardi et al. observed platelet activation in
adult subjects with well-controlled Type-1 DM via throm-
boxane biosynthesis and oxidative stress. They conclude that
patients with type-1 DM have persistently enhanced in vivo
platelet activation, especially in females?!. The ASPECT
study team investigated platelet functions in diabetic and
non-diabetic patients and found that diabetic patients show
a high platelet reactivity. The level of dh-TxB2 was signifi-
cantly higher in diabetic patients (p = 0.02)*2. The current
study shows that the concentration of dh-TxB2 was signifi-
cantly high in diabetic patients against non-diabetic ACS pa-
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tients. The patients who developed MACE in both diabetic
and non-diabetic groups have had a significant difference in
dh-TxB2 concentrations, too, in comparison to the patients
who did not develop MACE. The difference in dh-TxB2 pro-
duction in MACE vs. non-MACE patients was higher in the
non-diabetic group (p<0.001) than the diabetic group (p =
0.029). That suggests that the patients who did not develop
MACE in the diabetic group have had higher concentration
than in the non-diabetic group. Diabetic patients tend to have
increased platelet reactivity whether they develop MACE or
not, but the patients are always at high risk of developing
early MACE.

In our study, we observed that diabetic ACS patients were as-
sociated with worsening clinical outcomes following PTCA
and presence of DM increase the risk of mortality [all cause
death in diabetic (5.9%) vs. non-diabetic (0.9%); p<0.001].
Luca G. D. et al. also investigated the impact of DM on long-
term outcomes in STEMI patients undergoing primary an-
gioplasty either with bare-metal stents (BMS) or DES. This
study showed that the DM was associated with high long-
term mortality, recurrent MI, and in-stent thrombosis, but
there was no difference seen between patients treated with
BMS or DES*. Yujin Yang et al. also observed the clinical
effect of diabetes in CAD patients who underwent contem-
porary PCI. The study demonstrated that the DM was cor-
related with poorer clinical outcomes in patients after PCI.
DM was an independent risk factor for adverse clinical out-
comes in contemporary stented CAD patients. This study
did not show any significant difference in composite MACE
between both groups. All the CV death occurred were in dia-
betic patients; even all-cause deaths were significantly high
in the diabetic population. Heat failure was noticeably insig-
nificant between both the groups®. Our study is in agreement
with this study, where all-cause death was significantly high
in a diabetic group compared to non-diabetic (p<0.001).

Study limitations

Our study has few limitations; first, the sample size was
small, and it may be a reason for no statistically significant
difference in the incidence of MACE between diabetic and
non-diabetic groups. However, the recruited cohort was large
enough to detect a difference in dh-TxB2 production in dia-
betic and non-diabetics. Second, we did not perform other
platelet function assays and platelet-activating signalling
pathways in addition to urinary TxB2 assay, but it did not
hamper the results.

Study strengths

The Major strength of this study is the very specific cohort,
where inclusion and exclusion criteria eliminated potential
confounders affecting platelet activation to preclude the in-
terference. We have rejected the ACS patients with a history
of low haemoglobin and any blood diathesis, severe liver

dysfunction, patients with renal insufficiency. We recruited
subjects who have developed ACS for the first time and un-
derwent PCI with DES and started on antiplatelet therapy
or any other antithrombotic therapy for the first time. One
more strength of the present study includes a very low drop-
out of patients during a 1-year follow-up as patients were
counselled.

CONCLUSION

Our findings showed that the level of dh-TxB2 among dia-
betic ACS patients undergoing PTCA was higher in compari-
son to non-diabetic ACS patients. ACS patients who have a
high concentration of dh-TxB2 (more than cut-off value) de-
veloped higher MACE. During the 12-months follow-up pe-
riod, incidences of composite MACE were high in diabetics
than in the non-diabetic group, which shows that DM is asso-
ciated with increased risk of early recurrent ischemic events.
These findings suggest some more platelet function testing
in DM patients to establish a standard method to evaluate the
high risk in ACS patients after angioplasty.
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Variables Non-diabetic (n=108) Diabetic (n=84) p-value
Scio-demographic and clinical characteristics

Age 58.54+11.66 59.09+10.07 0.728

Gender

Male 76 (54.3%) 64 (45.7%) 0.231

Female 32 (61.5%) 20 (38.5%)

Smoking 34 (31.5%) 29 (34.5%) 0.536

Hypertension 49 (45.4%) 57(67.9%) 0.001

Dyslipidaemia* 91 (56.9%) 69 (43.1%) 0.421

Ejection Fraction (EF) 56.7+7.9 56.2+8.5 0.680

Thyroid Dysfunction 5 (4.6%) 6 (7.1%) 0.331

Disease type

Unstable angina 16 (14.8%) 25 (29.8%) 0.014

STEMI 79 (731%) 45 (53.6%)

NSTEMI 13 (12.0%) 14 (16.7%)

Single Vessel Disease 42 (38.9%) 29 (34.5%) 0.251

Multi Vessel Disease

66 (61.1%)
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Table 1: (Continued)

Variables Non-diabetic (n=108) Diabetic (n=84)

Lab investigations

Platelet Count 276.67+74.23 258.28+77.33 0.096
Platelet Distribution Width 16.66+0.62 16.78+0.68 0.195
Mean Platelet Volume 8.18+0.83 8.38+0.96 0.103
Haemoglobin 14.16%3.14 13.88+2.11 0.480
Medications during the index hospitalization
Aspirin* 106 (98.1%) 84 (100.0%) 0.315
Ticagrelor 94 (87.0%) 79 (94.0%) 0.114
Clopidogrel 13 (12.0%) 5 (6.0%) 0.117
Statins 108 (100.0%) 83 (98.8%) 0.082
Beta blockers 39 (36.1%) 37 (44.0%) 0.167
ACE-inhibitors/ARBs 42 (38.9%) 28 (33.3%) 0.452

STEMI ST-elevated myocardial Infarction, NSTEMI non-ST-elevation myocardial infarction, RCA right coronary artery, LAD left an-
terior descending artery, LCx left circumflex coronary artery, ACE angiotensin converting enzyme, ARB angiotensin receptor blockers

*Dyslipidemia defined as total cholesterol >250 mg/dL, Low density lipids (LDL) >130 mg/dL, High density lipids (HDL) <40 mg/dL
(<50 mg/dL for women) in the fasting state

*Loading dose of antiplatelet drugs was administered to all 192 patients (Aspirin loading dose= 325 mg; Clopidogrel loading dose=
300 mg and Ticagrelor= 180 mg)

Table 2: Composite outcomes in diabetic and non-diabetic acute coronary syndrome patients

Variables Non-diabetic (n, 108) Diabetic (n, 84) Total (n, 192) p-value
Composite MACE 7 (6.5%) 13 (15.5%) 20 (10.4%) 0.096
All cause death 1 (0.9%) 5 (5.9%) 6 (31%) <0.001
Non-fatal MI 4 (3.8%) 5 (5.9%) 9 (4.7%) 0172
Revascularisation 2 (1.9%) 3(3.6%) 5 (2.6%) 0.067
CV death o 3(3.6%) 3 (1.5%) -
Non-ischemic Heart Failure 4 (3.8%) 5 (5.9%) 9 (4.7%) 0.368

CV cardiovascular, MACE major adverse cardiac events, MI myocardial infarction

Table 3: Univariate and multivariate analysis for correlates of 1-year major cardiac adverse events in diabetic
and nondiabetic patients

Variables Univariate analysis Multivariate analysis
Diabetic Nondiabetic Diabetic Nondiabetic
OR (95% CI) p- OR (95% CI) p- OR (95% CI) p- OR (95% CI)
value value value
Hypertension 2.61(0.57,11.94) 0497 119 (0.29,4.75) 0.809 1.58(0.32,7.75) 0.576  4.09 (3.10, 10.75) 0.730
MVD* 4.56 (1.44,14.41) o0.010 3.91(0.98,15.64) 0.054 3.21(0.75,13.74) o0.16 10.84 (0.74,158.77) 0.081
LAD involvement 3.23 (0.42, 25.07) 0.234  3.10 (0.38,25.19)  0.290
LAD+LCx In- 2.77(0.88,8.73) 0.070 1.92(0.48,7.68) 0356 1.99(0.49,8.06) 0.332  2.81(0.19, 40.86)  0.449
volvement

Beta-blockers 0.24 (0.05,0.99) 0.048 1.09 (0.26,4.57) 0.905 0.28 (0.06,1.44) 0.128 0.82 (0.17, 3.89) 0.804

dh-TxBz levels**  4.09 (3.10,10.75) 0.004 27.74 (6.87,112.06) <0.001 5.05 (1.41,18.43) 0.014 148.75 (13.01,1701.01) <0.001

CI confidence interval, LAD left anterior descending artery, LCx left circumflex coronary artery, dh-TxBz urinary 11-dehydro-
thromboxane B2, MVD multi vessel disease, OR odds ratio

*Single vessel vs. multi vessel disease

**High dh-TxBz levels (1496 pg/mL serum creatinine)
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Figure 1: Box-plots showing concentration differences between diabetic (left side) and non-diabetic (right side) ACS patients
concerning the development of MACE within 1-year.
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Figure 2: Time-to-event survival analysis at 1-year between diabetic and non-diabetic ACS patients.
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