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Background: Elderly patients with ST-segment elevation myocardial infarction (STEMI) are 

at high risk for complications and early mortality; still, they are underrepresented in clinical 

trials and observational studies. We studied the risk profiles at presentation and early mortality 

in elderly ($80 years) versus younger (,80 years) STEMI patients.

Design: This was a prospective cohort study.

Methods: The study population comprised 4,092 consecutive STEMI patients admitted to Oslo 

University Hospital, Ulleval from 2006 to 2010. Baseline characteristics at admission were 

recorded, as well as in-hospital mortality. Etiologic strategy was used in the analyses.

Results: Patients $80 years of age (n=536) were more likely to be women and have prior 

myocardial infarction, angina, and stroke, but were less likely to be current smokers. The crude 

in-hospital mortality was 16.2% in patients aged 80 years and older versus 3.5% in those younger 

than 80 years. The adjusted odds ratio for mortality in patients aged 80 years and older versus 

those younger than 80 years increased with increasing levels of serum creatinine and total 

cholesterol. In patients with low levels of serum creatinine and total cholesterol, the odds ratio 

was 3.01 (95% confidence interval, 1.86–4.93; P=0.0001); increasing to 11.72 (95% confidence 

interval, 5.26–26.3; P=0.001) in patients with high levels.

Conclusion: High levels of serum cholesterol and creatinine were important risk factors for early 

mortality in elderly patients. Depending on the levels of cholesterol and creatinine, in-hospital 

mortality in patients aged 80 years and older varied from a threefold to an almost twelvefold 

risk compared with younger patients.

Keywords: ST-segment elevation myocardial infarction, mortality, elderly patients, 

 octogenarian, creatinine, total cholesterol

Introduction
Increasing life expectancy makes the elderly the fastest-growing population seg-

ment in high-income countries.1 Although an increasing proportion of myocardial 

infarctions (MIs) occur in the elderly, they are still underrepresented in clinical trials 

and observational studies.2–5

Older age by itself has been shown to be the core predictor of survival after 

ST-segment elevation MI (STEMI).6 As a consequence, elderly patients stand a 

higher risk for mortality and adverse outcomes compared with younger patients. 

However, variables such as risk profile at presentation also influence survival. 

The risk profile in elderly STEMI patients and its influence on survival is not truly 

stated, and neither is an estimate of the adjusted risk for early mortality in relation 

to their risk factors.
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The aim of this study was to describe the risk profile at 

presentation in STEMI patients aged 80 years and older com-

pared with younger patients. Further, we wanted to study the 

risk of in-hospital mortality in older versus younger STEMI 

patients, in relation to their risk factors at admission.

Materials and methods
Patients
The study population was a cohort of all cases of STEMI 

hospitalized at Oslo University Hospital, Ulleval from 

January 1, 2006, to December 31, 2010. The cohort com-

prised 4,092 STEMI cases from a source population of 8,866 

cases of acute MI (AMI) (Figure 1).

Oslo University Hospital, Ulleval has 24-hour/7-days-a-

week service for primary percutaneous coronary intervention 

(PCI). It is the primary medical center for a population of 

190,000, and it also serves as a secondary cardiac center, 

performing coronary angiography and PCI for a population 

of about 1,400,000 in southeastern Norway.

The registration of patient data started at the time of 

diagnosis. Predefined data on baseline characteristics at 

admittance, initial electrocardiographic pattern, invasive 

procedures, and in-hospital mortality were recorded by the 

responsible physician. Furthermore, the results of routine 

blood tests taken on admittance were registered. Later, data 

quality was checked by a specially trained study nurse and 

the primary study investigator to ensure the validity of the 

database. The data were entered into a specially designed 

database developed by the Mid-Norway Regional Health 

Authority (MRS Norsk Hjerteinfarktregister). To ensure 

that all patients with AMI were included, a cross-check 

against the Hospital Discharge Register was performed, 

and missing patients were included if the diagnosis was 

regarded as valid.

The diagnosis of AMI was based on current international 

criteria.7 Troponin T was used as the primary biochemical 

marker. AMI cases were differentiated as STEMI or non-

STEMI (NSTEMI) on the basis of the initial electrocardio-

graphic pattern. Cases were categorized as STEMI when 

new ST-elevation or a new left bundle branch block were 

present on the index electrocardiogram and as NSTEMI if the 

electrocardiogram was normal or showed ST-depression or 

T-inversion. A few cases were unclassifiable, mainly because 

of a missing admission electrocardiogram.

The variables considered in this study were defined in 

the protocol of the register. Hypertension was defined as 

patients treated for hypertension before the admission, and 

diabetes mellitus was defined as patients with prediagnosed 

diabetes mellitus. Smokers were considered those who cur-

rently smoked at the date of AMI. Further, hyperlipidemia 

was defined as patients diagnosed and treated with medical 

and lifestyle intervention for increased levels of cholesterol 

or triglycerides. Family history included parents, siblings, 

or/and children with coronary heart disease (CHD) or other 

arteriosclerotic vascular disease in early life (males younger 

than 55 years and women younger than 65 years of age). 

Peripheral vascular disease was defined as known intermittent 

claudication or carotid artery stenosis.

The local registry establishment was approved by the 

Privacy Protection Officer at Oslo University Hospital, Oslo. 

The Norwegian Regional Ethics Committee classified the study 

as a quality-of-care project without need for approval from the 

committee. All data were anonymized before analysis.

epidemiological design  
and statistical methods
From the total AMI population, a prospective cohort study 

was generated (Figure 1). Our strategy was etiologic,8 with 

a hypothesis consisting of being 80 years old or older (yes/

no) as the exposition variable and in-hospital mortality as the 

primary outcome. All other variables were of interest only as 

confounders or effect modifiers of the association. A strati-

fication analysis was performed, using the  Mantel-Haenszel 

2006 Total AMI 2010

D+

D+

D−

D−

≥80 years
n=536

STEMI
n=4,092

<80 years
n=3,556

NSTEMI + STEMI
n=8,866

Figure 1 Flow chart of the exposed/nonexposed cohort design.
Abbreviations: aMi, acute myocardial infarction; sTeMi, sT-segment elevation 
myocardial infarction; nsTeMi, non-sT-segment elevation myocardial infarction; 
D, in-hospital mortality yes (+) or no (-).
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method, to identify effect modifiers and quantify confound-

ers, followed by controlling for multiconfounders using the 

logistic regression model in a manual backward elimination 

procedure.9,10

The association between high age ($80 years) and 

in-hospital mortality was quantified using odds ratios 

(ORs) and their 95% confidence intervals. Differences in 

categorical variables were compared with Chi-square test, 

and quantitative variables with skewed distribution with 

Mann–Whitney test.

a priori power analysis  
for in-hospital mortality
A beforehand power analysis of the primary hypothesis, the 

risk for early mortality in patients aged 80 years or older ver-

sus younger than 80 years, was performed by the published 

literature. A challenge of the estimate was a result of the great 

age variation in previous studies.4,5,11–14 Furthermore, only very 

few studies have focused on patients aged 80 years and older, 

all of which were hampered by small patient numbers.2–5

When considering the mean of the relative risks from 

previous studies,4,5,11–14 we found a mean relative risk of 

5.3, indicating a fivefold risk for early mortality for elderly 

patients compared with younger patients. The mean incidence 

of in-hospital mortality in younger or nonelderly patients in 

the same studies was around 2.8%. This low incidence was 

probably a result of the highly selected group of patients 

being included in these studies.

Reviewing the results from the literature and consider-

ing a ratio (,80 years: $80 years) of 7, for a type 1 error 

of 5% and a power of 80%, we would need 82 patients aged 

80 years or older and 574 patients younger than 80 years, for 

a total of 656 patients.

Results
Clinical profile
From a total number of 4,092 STEMI cases, 3,556 patients 

(86.9%) were younger than 80 years and 536 patients (13.1%) 

were aged 80 years or older. Only 72 patients (1.8%) were 

aged 90 years or older. Table 1 summarizes the differences 

in baseline risk factors between the two groups. Elderly 

patients were more likely to be women, have treated hyper-

tension, and have a history of previous stroke, AMI, angina, 

or peripheral vascular disease, whereas patients younger 

than 80 years were more likely to be current smokers and 

have a family history of CHD. Creatinine levels were higher 

and total cholesterol levels slightly lower in patients aged 

80 years or older.

invasive procedures
The rates of coronary angiography and PCI (primary and 

rescue) were significantly lower in patients aged 80 years 

or older compared with in patients younger than 80 years 

(80.6% versus 97.2% and 67.5% versus 86.4%, respectively; 

P,0.001 for both).

in-hospital mortality
The incidence of in-hospital mortality was 16.2% in patients 

aged 80 years or older versus 3.5% in patients younger than 

80 years (P,0.001). Table 2 summarizes the stratification 

analysis for in-hospital mortality. The crude OR of in-hospital 

mortality was 5.41 (95% confidence interval, 4.0–7.3) for 

patients aged 80 years or older compared with patients 

younger than 80 years. Current smoker status had a con-

founding effect of 24%, with an OR for in-hospital mortality 

in elderly versus younger smokers of 7.82 compared with 

an OR of 3.84 in elderly nonsmokers. Another confounder 

was the presence of previous angina, with a confounding 

effect of 5.04%.

Two potential effect modifiers were found: creatinine 

level and total cholesterol level (Table 2). The OR for 

in-hospital mortality in patients aged 80 years or older 

compared with younger patients was 7.60 in patients with 

creatinine levels lower than 84 µmol/L (median cutoff value) 

and 3.04 in patients with creatinine levels of 84 µmol/L or 

higher (P=0.0025). Furthermore, the OR for in-hospital 

mortality in patients aged 80 years or older compared with 

Table 1 Patient characteristics at admittance

Characteristics ,80 years 
(n=3,556)

$80 years 
(n=536)

P-value*

Male, n (%) 2,822 (79.4) 266 (49.6) ,0.001
current smokers, n (%) 1,727 (48.6) 70 (13.1) ,0.001
Treated hypertension, n (%) 1,154 (32.5) 263 (49.1) ,0.001
Diabetes mellitus, n (%) 435 (12.3) 75 (14.0) 0.257
Prior hyperlipidemia, n (%) 420 (11.8) 40 (7.5) 0.003
Family history, n (%) 617 (17.5) 11 (2.1) ,0.001
Prior myocardial  
infarction, n (%)

478 (13.5) 123 (22.9) ,0.001

Prior percutaneous  
coronary intervention, n (%)

387 (10.9) 46 (8.6) 0.104

Prior stroke, n (%) 154 (4.3) 72 (13.5) ,0.001
Prior peripheral vascular 
disease, n (%)

121 (3.4) 44 (8.2) ,0.001

Prior angina, n (%) 266 (7.5) 97 (18.1) ,0.001
laboratory values†

 creatinine, µmol/l 73 (62–105) 88 (72–110) ,0.001
 Total cholesterol, mmol/l 4.8 (4.1–5.6) 4.7 (3.8–5.7) 0.024

Notes: *chi-square test for categorical variables. Mann–Whitney test for continuous 
variables; †median with 25th and 75th percentile.
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versus patients younger than 80 years for different levels of 

creatinine (Figure 2) and cholesterol (Figure 3). The adjusted 

risk for in-hospital mortality in patients aged 80 years or older 

versus those younger than 80 years increased moderately 

with increasing levels of creatinine, but more markedly with 

increasing levels of total cholesterol.

Discussion
The main findings of this study are that the risk profile of 

STEMI patients aged 80 years or older differs significantly 

from that of patients younger than 80 years. Second, the 

risk for early mortality in patients aged 80 years or older 

compared with younger patients was associated with the 

levels of serum creatinine and cholesterol; the risk for 

Table 2 Risk for in-hospital mortality in patients 80 years old 
and older versus those younger than 80 years, showing variables 
with significant confounding effect and effect modifiers in the 
stratification analysis

Variable 
level

OR  
(95% CI)

ORM-H  
(95% CI)

C% P-value*

Prior angina

5.16 (3.84–6.95) 5.4 0.1233
 Yes 3.06 (1.43–6.53)
 no 5.84 (4.25–8.03)
current 
smoker

4.10 (3.03–5.55) 24.2 0.0996
 Yes 7.82 (3.57–17.09)
 no 3.84 (2.78–5.30)
creatinine, 
µmol/l

†
effect  
modifier

0.0025 .84 3.04 (2.06–4.47)

 ,84 7.60 (4.86–11.89)
cholesterol, 
mmol/l

†
effect  
modifier

0.0054 .4.8 10.67 (5.86–19.40)

 ,4.8 4.01 (2.85–5.65)

Notes: Variables included that did not show any confounding effect on in-hospital 
mortality: sex, diabetes mellitus, treated hypertension; prior hyperlipidemia, family 
history, prior Mi, prior percutaneous coronary intervention, prior stroke, and 
prior peripheral vascular disease. Crude OR was 5.41 (95% confidence interval, 
4.04–7.24); confounder effect % = [[ORM-H - ORc]/ORc] ×100. *Heterogeneity test 
across strata, Breslow-Day test; P,0.05= effect modifier; †we cannot estimate an 
adjusted ORM-H in the presence of effect modification. 
Abbreviations: C%, confounder effect percentage; CI, confidence interval; MI, 
myocardial infarction; OR, odds ratio; ORM-H, Mantel-Haenszel adjusted OR.

Table 3 adjusted risk for in-hospital mortality in patients 80 years 
old and older versus those younger than 80 years, controlling 
for the confounding effect of smoking and for the two effect 
modifiers, serum cholesterol and creatinine

Creatinine,  
μmol/L*

Cholesterol,  
mmol/L†

Odds  
ratio‡

95%  
confidence  
interval

P-value

63 4.1 3.01 1.86–4.93 0.0001
110 4.1 4.15 2.69–6.40 0.0001
63 6.4 8.50 3.80–19.20 0.0001
110 6.4 11.72 5.26–26.13 0.001

Notes: Variables included that did not show any confounding effect on in-hospital 
mortality: sex, diabetes mellitus, treated hypertension; prior hyperlipidemia, family 
history, prior myocardial infarction, prior percutaneous coronary intervention, 
prior stroke, and prior peripheral vascular disease. crude odds ratio was 5.41 
(95% confidence interval, 4.04–7.24). *63 µmol/l and 110 µmol/l =25th and 90th 
percentiles of creatinine, respectively; †4.1 mmol/l and 6.4 mmol/l =25th and 90th 
percentiles of cholesterol, respectively; ‡logistic regression analysis.
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Figure 2 adjusted odds ratio (OR) of in-hospital mortality for patients 80 years 
old and older vs those younger than 80 years in relation to creatinine levels, 
controlling for smoking habits and for the median level of serum cholesterol 
(4.8 mmol/l).
Notes: OR curve with 95% confidence interval lower and upper bound. Points 
represent, from left to right, 5th, 10th, 25th, 50th, 75th, 90th, and 95th percentiles.

younger patients was 10.67 in patients with high levels of 

total cholesterol (median cut-off value, $4.8 mmol/L) and 

4.01 in patients with low levels of total cholesterol (median 

cut-off value, ,4.8 mmol/L) (P=0.0054).

adjusted effect on in-hospital mortality
In the logistic regression model (Table 3), smoking was the 

confounder, and the creatinine and total cholesterol levels 

were the two effect modifiers. In the adjusted model, the 

OR of early mortality increased with increasing levels of 

creatinine, as well as serum cholesterol.

With a serum creatinine level of 63 µmol/L (25th percen-

tile) and a serum cholesterol level of 4.1 mmol/L (25th per-

centile), the OR of in-hospital mortality was 3.01, indicating 

three times higher risk for in-hospital mortality for patients 

aged 80 years or older versus patients younger than 80 years. 

With a creatinine level of 110 µmol/L (90th percentile) 

and cholesterol level of 4.1 mmol/L, the OR of in-hospital 

mortality increased to 4.15. Finally, the OR was 11.7 with a 

creatinine level of 110 µmol/L and a total cholesterol level 

of 6.4 mmol/L (90th percentile).

Figures 2 and 3 show the variation in the adjusted risk 

for in-hospital mortality for patients aged 80 years or older 
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early mortality increased moderately with increasing lev-

els of creatinine and drastically with increasing levels of 

cholesterol.

Clinical profiles
Compared with younger patients, elderly patients had more 

comorbidities. Variables that predominated in the elderly 

were being female, prior AMI, hypertension, stroke, periph-

eral vascular disease, and angina. Conversely, there was a 

reduced rate of smoking, prior family history of CHD, and 

hyperlipidemia. Elderly patients also had a higher level of 

serum creatinine and a lower level of serum cholesterol at 

admittance.

The prevalence of risk factors in our study cohort seems 

to agree with the prevalence of risk factors in previous 

 studies. However, the BLITZ-3 Registry5 from Italy showed 

less diabetes mellitus in the elderly, whereas studies2,12 

from the Netherlands and the United States indicated an 

increased rate of diabetes mellitus in the elderly. Similar to 

us, Hafiz et al4 did not find any differences in the incidence 

of diabetes between the age groups.

The prevalence of prior AMI and hypertension was sig-

nificantly higher in the elderly in all reviewed studies, with the 

exception of the BLITZ-3 Registry,5 in which no significant 

differences were found.

International geographic variability in baseline char-

acteristics of elderly AMI patients does exist. A recently 

published comparison between the United States and  Sweden 

 concerning treatment and long-term outcomes for AMI in 

the elderly found that male patients in the United States 

had a higher risk for prior hypertension, diabetes, and heart 

failure compared with Swedish men, whereas American 

female patients had a higher risk for prior hypertension and 

heart failure.15

in-hospital mortality
The crude OR of in-hospital mortality (OR, 5.41; 

95%  confidence interval, 4.0–7.3) in patients aged 80 years 

or older versus younger patients was similar to the fivefold 

risk for early mortality shown in previous studies.4,5,11–14 

However, most previous studies have included very select 

patient  populations. In our study, all consecutive STEMI 

cases admitted to our hospital during a 5-year period were 

included, and our estimates are probably a better reflection 

of the mortality rates in a real-life population than most 

previous studies on selected patient populations. In spite of 

this broad inclusion of patients, the rate of in-hospital mor-

tality in the elderly was relatively low (16.2%). This might 

be because of the high rate of invasive treatment offered 

to the elderly patients admitted to our hospital (81% of 

STEMI patients aged 80 years or older underwent coronary 

angiography).

The are several reasons for the increased in-hospital 

mortality rate in octogenarians with STEMI: atypical presen-

tation and high incidence of comorbidities such as diabetes, 

peripheral vascular disease, stroke, congestive heart failure 

(CHF), prior AMI, and renal insufficiency make elderly 

patients more vulnerable to complications.3,11 Furthermore, 

as a result of advancing age, the elderly have a prolonged 

exposition of risk factors and a more distinct development of 

multivessel disease, and the aging process and its pathophysi-

ologic alterations on coronary arteries contribute to higher 

mortality and lower invasive success.3,16

High levels of serum cholesterol  
and creatinine are risk factors  
for early mortality after aMi
We found that the adjusted in-hospital mortality rate in 

patients aged 80 years or older versus those younger than 

80 years depended on the level of serum cholesterol and 

creatinine at admittance; varying from a threefold to an 

almost twelvefold risk for early mortality.

Our results suggest there is also a relationship between 

high cholesterol levels and mortality in the elderly.

Although the predictive value of cholesterol levels in older 

individuals has been shown to be less robust than in younger 

individuals,17 high cholesterol is an established risk factor for 

CHD in middle-aged and young elderly patients, and lifetime 

risk for CHD increases sharply with higher total cholesterol 
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Figure 3 adjusted odds ratio (OR) of in-hospital mortality for patients 80 years old and 
older vs those younger than 80 years in relation to total cholesterol levels, controlling 
for smoking habits and for the median level of serum creatinine (84 µmol/l).
Notes: OR curve with 95% confidence interval lower and upper bound. Points 
represent, from left to right, 5th, 10th, 25th, 50th, 75th, 90th, and 95th percentiles.
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levels at all ages, even in octogenarians.18–20 However, some 

observational studies have linked low total cholesterol levels 

in elderly patients with an increased risk for CHD and higher 

all-cause mortality.18,21 Declining cholesterol levels resulting 

from comorbid illnesses may partly explain this association.17,18 

To our knowledge, this is the first study showing an increased 

risk for in-hospital mortality in elderly STEMI patients with 

high levels of cholesterol at admittance.

Renal dysfunction or chronic renal insufficiency has been 

associated with worse outcomes and increased short-term 

mortality in octogenarians after AMI.16,22,23 These previ-

ous findings seem to agree with the findings in our study: 

increased level of creatinine, as an indicator of renal dysfunc-

tion, was a risk factor of early mortality.

limitations
As this study focused only on the risk profile at presentation, 

in-hospital complications and treatment were not evaluated. 

Previous heart failure was unfortunately not registered at 

baseline but is prevalent in the elderly and is a strong predic-

tor of mortality.

Because of the anonymization of patient data, we were 

not able to separate first admissions from second or third 

 admissions. All hospital admissions for STEMI in the selected 

period were therefore included in this analysis. However, we 

know from the Myocardial Infarction Registry in our hospital 

that the rate of new admissions resulting from reinfarction was 

very low in STEMI patients during the period from 2006 to 

2011 (reinfarction rate, 6.4%/6 years in patients ,80 years 

and 5.2%/6 years in patients $80 years). This very low rate 

of reinfarction reduces the risk for bias in our study.

It is likely that the management of AMI patients has 

improved during the 5 years of observation. However, we did 

not make any adjustments to these possible trend variations. 

As we are in an observational study situation, there are always 

possibilities of unmeasured and hidden confounders.

Conclusion
High levels of serum cholesterol and creatinine were impor-

tant risk factors for early mortality in elderly patients with 

STEMI. Depending on the levels of total cholesterol and 

creatinine at admittance, in-hospital mortality in patients 

aged 80 years or older varied from a threefold to an almost 

twelvefold risk compared with younger patients.
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