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Abstract 
Objective: Recent data has suggested an increased risk for patients with raised troponin, but prognosis of older patients with 
non-obstructive Coronary Artery Disease (CAD) is still unknown.

Methods: A retrospective cohort analysis was performed for all in-patients with raised troponin T (January 2010 to December 
2011, n=1351), 858 above the age of 65 were studied. Of these, 513 had angiography and they were stratified according to their 
coronary arteries anatomy into older obstructive CAD (≥ 50% stenosis) (OO- CAD, 448, 87.3%) and older non-obstructive 
(<50% stenosis) (ONO-CAD, 65, 12.7%).  The 345 patients who had no angiography were followed separately for their outcome. 
The risk of death and Major Adverse Cardiac and Cerebrovascular Events (MACCE) rates at one year, were calculated for the 
older groups who had angiography and these were compared to the total patients who received angiograms for raised troponin.

Results: The mean age was similar between both older groups (77.9±6.95 Vs.76.9±7.02, P=0.236).  The one-year MACCE 
rate was similar in both the ONO-CAD and OO-CAD group (one-year MACCE: RR [95% CI] =1.01[0.61-1.66], P=0.95). This 
was driven by the acute coronary syndrome patients who had unplanned revascularization and stroke. The one-year mortality 
was equal in ONO-CAD and OO-CAD group with a RR [95% CI] =1.48[0.81-2.7], P=0.19. This was similar to the total patient 
groups mortality at one- year with a RR [95% CI] = 0.93 [0.53-1.64], P=0.8.

Conclusion: Older patients with a raised troponin and non-obstructive CAD are at equivalent MACCE & mortality risk at one 
year to those with obstructive CAD.

Introduction
Previous studies have been performed evaluating the signifi-

cance of a raised troponin in both ischemic heart disease and non-
cardiac conditions [1]. While it has been found that cardiac tro-
ponins are valuable in the diagnosis of Acute Coronary Syndromes 
(ACS), it has also been shown to be elevated in other cardiac (e.g., 
heart failure, myositis) and non-cardiac conditions (e.g., sepsis, re-
nal failure, pulmonary embolism) [2,3].

The prognosis of older patients (> than 65 years of age) with non-
obstructive coronary artery disease is unknown. Previous studies, 

has shown that patients with raised troponin and non-obstructive 
CAD have an increased risk of death and Major Adverse Cardiac 
and Cerebrovascular Events (MACCE) at 1-year follow-up [4-6]. 
This study was performed to further investigate the outcomes of 
older population who present with positive troponin and had non-
obstructive CAD.

Methods
A retrospective cohort analysis was performed, which in-

cluded all in-patients who had a raised cardiac troponin T (cTnT; 
AQT90 FLEX [Radiometer Medical ApS, Brønshøj, Denmark], 
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using the 99th percentile value of 0.017 ng/ml with limit of detec-
tion has been determined to be 0.010 μg/L) presenting to Kettering 
General Hospital, from January 2010 to December 2011 [7].  All 
troponin positive acute coronary syndrome patients were included 
(ST Elevation Myocardial Infarction (STEMI) and Non-ST Eleva-
tion Myocardial Infarction (NSTEMI) patients. The patients who 
had no angiography were subdivided by age and if were more than 
65 years old, they were grouped as older no angiography (O-NA) 
and their outcome was followed separately.  The remaining total 
patients were grouped according to their coronary anatomy into 
obstructive CAD (≥ 50% stenosis in their coronary arteries) and 
non-obstructive CAD (< 50% stenosis) [8-10].

Further subdivision of the patients above the age of 65, into 
Older Obstructive CAD (OO-CAD) and Older Non-Obstructive 
(ONO-CAD) according to the presence of ≥ 50% stenosis in their 
coronary vessels, or < 50% stenosis, respectively.

The relative risk of death at one month and one year, were 
calculated for the older groups and were compared to the total pa-
tient groups. The MACCE rates were also compared and this was 
defined as death, myocardial infarction, unplanned revascularisa-
tion and stroke/Transient Ischemic Attacks (TIA).

Furthermore, the prevalence of frailty was assessed clini-
cally, in the patients who had no angiography (O-NA) and the pa-
tients who had no obstructive CAD by their treating physicians 
and cardiologists.

Statistical Methods
The data were analyzed with the use of MedCalc version 

12.7.2 (MedCalc Software bvba, Ostend, Belgium). The results 
were expressed as percentage or mean±standard deviation for 
categorical and continuous variables, respectively, due to normal 
population distribution. Significant differences between groups 
were assessed by χ2 test and Student’s t test in comparing between 
nominal and continuous variables, respectively. One-way analysis 
of variance test was used instead of Student’s t test in cases of 
more than two quantitative variables. Significance was ascribed 
with probability <0.05.

Results
A total of 1351 patients who presented to Kettering General 

Hospital with raised cTnT (more than 0.010 μg/L) from January 
2010 to December 2011, were included in the study. The patients 
above the age of 65 were 858, from them 345 were followed sepa-
rately as they had no coronary angiograms and were medically 
managed. These patients were excluded from having angiography 
due to different reasons like frailty, acute renal impairment and 
other multiple comorbidities and they were medically managed. 
The frailty was found in 281 (81.4%) of the older patients who had 
no angiography (O-NA group).

The rest of the older patients were 513 who had coronary an-
giography were stratified anatomically into obstructive CAD (OO-
CAD, 448, 87.3%) and non-obstructive (ONO-CAD, 65, 12.7%) 
according to the presence or absence of ≥ 50% stenosis in their 
coronary vessels [8-10]. Frailty was found in (29, 44.6%) of the 
older non-obstructive group (ONO-CAD group). (Figure 1)

Figure 1: Flow chart showing the total and older patients numbers and 
subdivision.

Also, the 962 total patients who had coronary angiography 
were grouped according to the presence of presence of ≥ 50% 
stenosis into obstructive CAD (847.88%) and non-obstructive 
(115.12%) with < 50% stenosis [8-10]. In the total non-obstructive 
CAD group frailty was found to be 26.9%, in 31 patients. (Figure 1)

The mean age was similar between both older groups who 
had angiography (77.9±6.95 Vs.76.9±7.02, P=0.993) and there 
were more females in the non-obstructive group (56.9%Vs.32.8%, 
P=<0.0001) and more males in the obstructive group (43%Vs.67.1%, 
P=0.0024). The mean troponin T level was lower in the older non-
obstructive group (0.5±0.6 Vs. 2.0±3.5, P=0.096). Risk factors 
for CAD were similar except for more smokers were found in the 
ONO-CAD group (13.8% vs. 4.6%, P = 0.0039).  (Table 1) 

Non-Obstruc-
tive (ONO-

CAD)
N=65 (12.7%)

Obstructive 
CAD (OO-

CAD)
N=448 (87.3%)

P value

Age 77.9 ± 6.9 76.8 ± 7 0.236
Gender
Male

Female
28 (43%)

37 (56.9%)
301 (67.1%)
147 (32.8%)

0.0024
< 0.0001

Diabetes Mel-
litus 12 (18.4%) 106 (23.6%) 0.1209

Hypertension 45 (69.2%) 277 (61.8%) 0.2123
Smoker 9 (13.8%) 21 (4.6%) 0.0039
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Ex-smoker 5 (7.6%) 51 (11.3%) 0.3831
Dyslipidaemia 42 (64.6%) 264 (58.9%) 0.3564
Family History 

for CAD 1 (1.5%) 4 (0.89%) 0.6240

Table 1: Demographics and risk Factors for CAD older groups with an-
giography.

The comparison for anemia and renal impairment with base-
line hemoglobin and kidney functions showed no difference be-
tween both OO-CAD and ONO-CAD groups. (Table 2) 

Older 
Obstructive 
CAD (OO-

CAD)
N=448 
(87.3%)

Older 
Obstructive 
CAD (OO-

CAD)
N=448 
(87.3%)

P value

Haemoglobin+ 12.1 ± 1.7 12.5 ± 1.9 0.249
Creatinineo 110 ± 73 106 ± 58 0.612

GFR *    and     
grade of renal                              
impairment•

GFR >60 34 (52.3%) 268 
(59.8%) 0.2814

  IIIa 45-59.9 16 (24.6%) 89 (19.8%) 0.3655
  IIIb 30-44.9 8 (12.3%) 66 (14.7%) 0.6075
  IV 15-29.9 5 (7.6%) 21 (4.6%) 0.3017
   V <15 1 (1.5%) 4 (0.89%) 0.624

   ‘+ g/dl, °mmol/L, * GFR (Glomerular Filtration Rate), •Grades of 
renal impairment by MDRD equation.

Table 2: Baseline anemia and renal impairment.

The echocardiographic findings showed that the ONO-CAD 
group had more evident structural abnormalities than the patients 
who had OO-CAD, including left ventricular systolic dysfunction, 
aortic valve disease and left ventricular hypertrophy. (Table 3) The 
left ventricular diastolic function was assessed by echocardiogra-
phy in the non-obstructive CAD patients. Diastolic dysfunction 
was found in 26.1% of the ONO-CAD group in comparison to 
17.4% in the total non-obstructive CAD group (P=0.16). 

Older Non-
Obstructive 

(ONO-
CAD)
N=65 

(12.7%)

Older 
Obstructive 
CAD (OO-

CAD)
N=448 
(87.3%)

P value

No structural heart disease 22 (33.8%) 3 (0.6%) <0.0001
Severe/Moderate aortic valve 

disease 7 (10.7%) 4 (0.8%) <0.0001

Moderate to severe LVH 5 (7.6%) 3 (0.6%) 0.0007
Severe LV systolic impair-

ment (EF<35%) 7 (10.7%) 12 (2.6%) 0.0023

Moderate LV systolic impair-
ment (EF44-

35%) 10 (15.3%) 13 (2.9%) <0.0001
Mild LV systolic impairment 

(EF 45-55%) 6 (9.2%) 8 (1.7%) 0.0017

Regional wall motion abnor-
mality 10 (5.3%) 19 (4.2%) 0.0005

Hypertrophic cardiomyopathy
(Confirmed by CMR) 0 (%) 0 (%)

Takotsubo cardiomyopathy 1 (1.5%) 0 (%) 0.0639
Moderate to severe valvular 

heart disease 2 (3.0%) 1 (0.2%) 0.0312

Others
(Right ventricular function 

impairment, pulmonary 
hypertension, ASD, VSD or 
previous valve replacement)

6 (9.2%) 4 (0.8%) 0.0002

No echocardiogram 4 (6.1%) 381 (85%) < 0.0001

Table 3: Echocardiographic findings.

The 30 days MACCE and mortality rates were similar be-
tween the ONO-CAD and OO-CAD groups [30 days MACCE: 
RR (95% CI) =1.21(0.62-2.3), P=0.56; 30 days all-cause mortali-
ty: RR (95% CI) =1.17(0.59-2.6), P =0.69].  This was similar when 
compared to the total patient’s groups who had angiography (30 
days MACCE: RR (95% CI) = 0.7 (0.29-1.77), P =0.47; 30 days 
all-cause mortality: RR (95% CI) =1.24 (0.54-2.86), P =0.61). 
(Table 4 and 5) 
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Non-Obstructive Obstructive CAD Relative Risk
P valueN=115 (12%) N=847 (88%) [95%CI]

1 Month outcome
MACCE 5 -4.30% 51 -10.40% 0.7221 0.29- 1.77 0.4771

Death Total 6 -5.20% 39 -4.60% 1.24 0.54-2.86 0.6124
Cardiac 4 -3.40% 30 -3.50% 0.98 0.35-2.74 0.9723

Non-Cardiac 2 -1.70% 9 -1.00% 1.63 0.36-7.48 0.5252

1 Year outcome
MACCE 15 -13.00% 131 -15.40% 0.84 0.51-1.39 0.5021

Death Total 12 -10.40% 95 -11.20% 0.93 0.53-1.64 0.8032
Cardiac 5 -4.30% 48 -5.60% 0.77 0.31-1.89 0.564

Non-cardiac 7 -6.00% 43 -5.00% 1.2 0.55-2.60 0.6461

MI
STEMI 2 -1.70% 24 (2.8%) 0.61 0.15-2.56 0.5033

NSTE-ACS 0      (0%) 25 (2.9%) 0.14 0.01-2.34 0.1727

Unplanned 
revascularization 2 (1.7%) 49 (5.8%) 0.3 0.07-1.22 0.0925

CVA/TIA  1 (0.8%) 7 (0.8%) 1.05 0.13-8.47 0.9619

Major bleeding◊     3 (2.6%) 24 (2.8%) 0.92 0.28-3.01 0.8912

◊ Major bleeding that required blood transfusion
Table 4: One month, one-year MACCE and Mortality for all patients with angiography.

Non-Obstructive (ONO-
CAD) Obstructive CAD Relative Risk

P valueN=65 (12.7%) (OO-CAD)                        [95%CI]

N=448 (87.3%)
1 Month outcome

MACCE 9 -13.80% 51 -11.30% 1.21 0.62-2.3 0.56
Death Total 6 -9.20% 35 -7.80% 1.17 0.59-2.6 0.69

Cardiac 4 -6.10% 26 -5.80% 1.06 0.38/2.9 0.91
Non-

Cardiac 2 -3.00% 9 -2.00% 1.53 0.33-6.9 0.58

1 Year outcome
MACCE 14 -21.50% 95 -21.20% 1.01 0.61-1.66 0.95

Death Total 11 -16.90% 51 -11.30% 1.48 0.81-2.7 0.19
Cardiac 8 -12.30% 17 -3.70% 3.2 1.45-7.2 0.0039

Non-cardiac 2 -6.10% 34 -7.50% 0.81 0.29-2.2 0.68
MI        

STEMI 2 -3.00% 17 (3.78%) 0.81 0.1-3.42 0.77
NSTE-ACS 0 (0%) 21 (4.6%) 0.1582 0.009 -2.5 0.19

Unplanned 
revascularization 0 (0%) 15 (3.35%) 0.21 0.013-2.6 0.28

CVA/TIA 1 (1.54%) 6 (1.34%) 1.14 0.14-9.3 0.89
◊ Major bleeding that required blood transfusion.

Table 5: One month, one-year MACCE and Mortality in Older patient with angiography.
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The one-year MACCE rate was equivalent in both the ONO-
CAD and OO-CAD group (one-year MACCE: RR [95% CI] 
=1.01[0.61-1.66], P=0.95. This was driven by the STEMI, NSTE-
MI with unplanned revascularization and stroke (1-year STEMI: 
RR [95% CI] =0.81[0.19- 3.42], P= 0.7756), (1-year NSTEMI: 
RR [95% CI] = 0.15[0.009 -2.5], P= 0.1955) and (1-year CVA/
TIA: RR [95% CI] = 1.14 [0.14-9.3], P= 0.89). These results were 
also observed for the total patients who had angiography between 
obstructive CAD and non-obstructive CAD groups (one-year 
MACCE: RR [95% CI] =0.84[0.51-1.39], P=0.52). (Table 4 and 5)

The relative risk of the one-year mortality was also equal in 
ONO-CAD and OO-CAD group with a RR [95% CI] =1.48[0.81-
2.7], P=0.19. This was similar to the total patient’s groups who had 
angiography with one-year mortality RR [95% CI] =0.93[0.53-
1.64], P=0.8. The cardiac cause of the mortality was higher in the 
ONO-CAD group with RR [95% CI] =3.2 [1.45-7.2], P=0.0039), 
which was not the case in the total patient’s groups who had equal 
cardiac and non-cardiac causes for mortality at one year follow up. 
(Table 4 and 5)

Also, the 345 patients >65 years of age who had no coronary 
angiography (O-NA group), who were medically managed were 
followed, and they were found to have a longer length of stay in 
hospital and they had a high mortality rate with 58.8% at one year, 
with more non-cardiac cause of death. (Table 6)

No 
angiography

(O-NA)
N=345

Non-
Obstructive

 (ONO-CAD)
N=65

Obstructive CAD
(OO-CAD)

N=448

Age 83.7±7.7 77.9±6.9 76.8±7

Gender  

  Male 184 (67.1) 28 (43%) 301 (67.1%)

  Female 162 (32.8) 37 (56.9%) 147 (32.8%)

Troponin 0.73±2.11 0.47±0.62 2.02±3.49
Length of 

hospital stay 
(LOS)

17.95±26.31 11.24±17.09 7.2±10.04

Mortality 203 (58.8%) 8(12.3%) 86(19.1%)

  Cardiac 80(39.4%) 4 (50%) 46 (53.4%)

   Non-cardiac 123(60.6%) 4 (50%) 40(46.6%)

STEMI 12(3.5%) 2(3%) 17(3.8%)

ACS 1(0.2%) 0 21(4.6%)

CVA/TIA 8(2.3%) 1(1.5%) 6(1.3%)

Table 6: Older patients with no angiography outcome in comparison 
to angiography patients.

Discussion
The current European Society of Cardiology guidelines 

for the management of Acute Coronary Syndrome (ACS) with-
out ST-segment elevation promote the use of cardiac troponin 
assays as they allow more accurate and early diagnosis of acute 
myocardial infarction [11]. In several studies of ACS, troponin 
elevation has been associated with a worse prognosis [12,13]. 
Coronary arteriograms in these patients have revealed that ap-
proximately 80% of such patients have significant underlying 
CAD. The rest of the patients had no significant underlying CAD 
[14,15]. Many disease states, such as sepsis, atrial fibrillation, 
congestive heart failure, pulmonary embolism, myocarditis, 
myocardial contusion, renal failure, and critically ill patients 
can be associated with a raised troponin level [16-19]. The de-
tection of the troponin in blood is an independent risk factor 
that identifies patients with increased mortality rate in these 
different clinical settings [20]. The reasons for this increase in 
mortality are currently poorly understood, but may be related 
to myocardial necrosis with myocyte loss or underlying quies-
cent CAD [12].

The older patients already have decreased compliance 
of the central arteries due to a number of age-related chang-
es in the structural components in the artery [21-23]. These 
changes cause isolated systolic hypertension with a widened 
pulse pressure and increased after load. They have a shorter 
diastolic phase, during which the coronary flow occurs. De-
creased coronary perfusion combined with increased after-
load can lead to myocardial ischemia in the elderly patient, 
even without severe atherosclerotic lesions, especially with 
increased myocardial oxygen demand, as with Left Ventricular 
Hypertrophy (LVH), or decreased oxygen delivery capacity as 
with anemia [23-27].   

Previously, two studies have investigated the causes of 
troponin elevations in patients with normal coronary arterio-
grams. In a study of 144 patients, non-ACS ischemic causes of 
elevated troponins included 35 patients (24%) with tachyar-
rhythmia, 2 (1.4%) with LV hypertrophy, 1 (0.7%) with ma-
lignant hypertension, 2 (1.4%) with coronary vasospasm, and 
9 (7%) with gastrointestinal bleeding [26]. In another study 
of 21 patients, causes of elevated troponin were tachycardia 
in 6 patients (28.5%) and extreme physical exertion in 2 pa-
tients (9.5%) [27,28]. Our study showed the non-ACS pre-
sumed causes of elevated troponins in the older patients were 
tachyarrhythmia (20%) respiratory failure/severe pneumonia 
(10.7 %) and sepsis (7.6%), this was similar to the total patient 
groups who had angiography with non-significant stenosis in 
their coronary arteries. (Table 7 and 8) 
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Cause Number=65 (%)
Tachyarrhythmia 13 (20%)

Respiratory failure/Severe pneu-
monia 7 (10.7%)

Sepsis 5 (7.6%)
Advanced Malignancy 3 (4.6%)

Heart Failure 5 (7.6%)
Acute kidney injury 5 (7.6%)
Aortic valve disease 4 (6.1%)
Takotsubo syndrome 2 (3.0%)

Brady-arrhythmia 2 (3.0%)
Aortic dissection 1 (1.5%)

Pulmonary embolism 1 (1.5%)
Suspected Vaso-spastic angina 0 (%)

Critically ill with ITU admission 0 (%)
Cerebrovascular Stroke 0 (%)

Myo-pericarditis 0 (%)
Unknown 17 (26.1%)

IHD 0 (%)
Post PCI Troponin rise 0 (%)

Table 7: Presumed Causes for raised troponin in Older Non-Obstructive 
CAD group.

Cause Number=115 (%)
Tachyarrhythmia 25 (21.7%)

Respiratory failure/Severe pneu-
monia 8 (6.9%)

Sepsis 7 (6%)
Advanced Malignancy 7 (6%)

Heart Failure 6 (5.2%)
Myo-pericarditis 5 (4.3%)

Takotsubo syndrome 4 (3.4%)
Aortic valve disease 4 (3.4%)

Suspected Vaso-spastic angina 2 (1.7%)
Pulmonary embolism 2 (1.7%)

Brady-arrhythmia 2 (1.7%)
Critically ill with ITU admission 2 (1.7%)

Cerebrovascular Stroke 0 (%)
Acute kidney injury 10 (8.6%)

Aortic dissection 1 (0.8%)
Unknown 35 (30.4%)

IHD 0 (%)
Post PCI Troponin rise 0 (%)

Table 8: Presumed Causes for raised troponin in Total Non-Obstructive 
CAD group.

Interestingly, no causes were identified for the raised tro-
ponin in 35 patients from the total group with no evidence of CAD, 
of these 17 patients were >65. These patients were found to have 
a low risk with no mortality and a MACCE rate of 0 at one-year 
follow up. 

In the study by Segev, et al. it was found that the incidental 
troponin rise was more common in older patients and was associ-
ated with a poorer prognosis compared to ACS with obstructive 
CAD [29]. This rise in the troponin is seen more in the elder pa-
tients is due to higher prevalence of non-ACS conditions [30]. In 
our study frailty was found in 81.4% of the patients who had no 
angiograms as were deemed clinically not suitable for invasive 
procedures. Those patients had more than 50% mortality within a 
year of admission to the hospital with a raised troponin level. This 
is similar to previous studies, which have shown frailty to have 
significant incremental hospital and 6-month mortalities and has 
an adverse impact of survival [31,32].

Also, a previous study by Webb et al. has found that the 
highly sensitive troponin (hs-TnT) elevations (>14ng/L) were 
common in older patients presenting to the emergency department 
without ACS or other acute illnesses known to cause to troponin 
elevation [33]. Their multivariate analysis identified age over 70 
years (p<0.001), as the strongest independent predictor of inciden-
tal elevated hs-TnT. This finding appeared to be independent of the 
higher burden of co-morbidities in this age group [34].

In our study, we found that the older patients who had non-
obstructive CAD had similar MACCE and mortality to the patients 
who presented with obstructive CAD, which was similar to the to-
tal groups. Interestingly, the older patients who had raised troponin 
and non-obstructive CAD had more cardiac causes of mortality 
than the ones who had obstructive coronary disease on admission, 
at one year follow up. Nearly a third of these patients were frail 
and this may have contributed to their mortality rather than coro-
nary artery disease.  (Table 4 and 5)  

These findings were previously shown by the HOPE [Heart 
Outcomes Prevention Evaluation] which revealed that population 
with raised high sensitivity troponin levels were independently as-
sociated with cardiovascular death and future myocardial infarc-
tion over a mean follow up of 4.5 years [34]. Also, the Dallas Heart 
Study, which was a prospective observational cohort of general 
patients, has shown that elevated levels of high sensitivity troponin 
were associated with all-cause mortality within a median follow 
up of 6.4 years, as well as with evidence of structural heart dis-
ease, including left ventricular hypertrophy and systolic dysfunc-
tion [35,36].

These findings challenge the idea that these are ‘‘False-Pos-
itive’’ troponin elevations and that these patients may be regarded 
as low risk for subsequent cardiovascular events. This elevation of 
troponin in these patients may have also resulted from coronary 
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athero-thrombosis, which was not evident using standard angiog-
raphy or from other ischemic and non-ischemic mechanisms [11].   
The presence of frailty and vascular aging increases the risk of 
adverse outcomes and mortality.  

Conclusion
Older patients with a raised troponin and non-obstructive 

CAD with an identified other cause are at equivalent mortality risk 
at 30 days and one year to those with obstructive CAD.  The po-
tential other aetiologies for the raised troponin, were tachyarrhyth-
mia, respiratory failure/severe pneumonia and sepsis. The patients 
who were medically managed were found to have raised one-year 
mortality.

Acknowledgement:  Special gratitude to colleagues in car-
diology department, Kettering General Hospital.
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