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InTroduCTIon

Cardiovascular disease: no. 1 cause of death worldwide

In 2012, 17.5 million people died of cardiovascular disease of which around 7 million died 
of ischemic heart disease1. With almost one third of all deaths cardiovascular disease is 
the number 1 cause of death worldwide. In Europe 1.9 million people every year die 
of cardiovascular disease. Together with a decline in overall mortality1, cardiovascular 
death in Western Europe declined with 12.8% between 1990 and 20132. The reduction in 
cardiovascular death can be partially attributed to progress made in controlling risk fac-
tors, such as the decline in tobacco smoking and primary prevention, and the improve-
ments in treatment of cardiovascular disease. However, the absolute number as well as 
the proportion of cardiovascular deaths compared to other causes of death has further 
increased during the last decade (coronary artery disease from 6 million in 2000 to 7.4 
million in 2012; stroke 5.7 million to 6.7 million). Along with mortality, cardiovascular 
disease also leads to significant morbidity with a yearly hospitalization rate of 2,500 on 
100,000 persons3. The burden of cardiovascular disease will continue to increase with 
23.6 million deaths in 20304. Cardiovascular risk factors such as hypertension and diabe-
tes are expected to rise as well by 2030. A global health program, Horizon 2020, focuses 
on tackling this major threat to healthy ageing by improving primary prevention and 
treating these risk factors5.

Coronary artery disease

Cardiovascular diseases are comprised of several disorders of the blood vessels and the 
heart, of which the most common type is coronary artery disease. Clinical symptoms of 
coronary artery disease can be classified into stable angina, unstable angina, myocardial 
infarction, and  sudden coronary death. In this thesis, the focus will be on myocardial 
infarction. ST-segment elevation myocardial infarction (STEMI) is clinically differentiated 
from non-ST segment elevation myocardial infarction (NSTEMI), the two subtypes of 
myocardial infarction. The current treatment of STEMI is immediate reperfusion therapy 
as can be accomplished by percutaneous coronary intervention (PCI) with concomitant 
thrombus aspiration and placement of (a) drug-eluting stent(s) in the infarct-related 
artery6. Periprocedural antithrombotic medication is indicated and comprises antiplate-
lets and anticoagulants. Before patient discharge of STEMI hospitalization, echocardio-
graphic evaluation of left ventricular function and infarct size is recommended6. Sec-
ondary prevention focuses on lifestyle interventions and drug therapies (under which 
antithrombotic therapy, lipid-lowering therapy, beta-blockers, angiotensin-converting 
enzyme inhibitors and aldosterone antagonists) to prevent new ischemic events, stent 
thrombosis, hospitalization for cardiovascular events, and cardiovascular mortality. 
Since the introduction of reperfusion therapy, mortality rates decreased substantially 
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in STEMI patients. However, despite the current treatment strategy, 5-year mortality 
in a Belgian-United Kingdom cohort including patients hospitalized for STEMI was ap-
proximately 20% and the majority of deaths occurred after hospitalization of the index 
event7. Apart from mortality, a substantial part of patients with myocardial infarction 
have persistent chest pain symptoms or develop heart failure and are re-hospitalized. 
In the previous study, more than half of the patients were readmitted to the hospital 
within 5 years of follow-up. Incidence of acute decompensated heart failure in a study 
including 593 STEMI patients undergoing primary PCI was 4.9% after 3 years of follow-
up8. Both remarks reflect the increased morbidity after acute coronary syndrome, which 
also has its impact on quality of life9. Heart failure for example is associated with im-
paired quality of life, in patients as well as their partners10. Apart from personal health, 
coronary artery disease has a major economic impact. It brings along high costs for 
society, short-term and long-term11,12. To improve cost-effectiveness, several initiatives 
have been undertaken, such as a chest pain unit for acute coronary syndrome, which 
indeed has been proven successful13. Incidence of myocardial infarction is expected to 
increase in the near future and despite these initiatives, healthcare costs will probably 
rise further. To conclude, the burden of myocardial infarction on personal health, family 
health and society is high and current treatment has its shortcomings. First, in order to 
reduce incidence of myocardial infarction we have to improve our primary prevention. A 
second challenge is to cut both the morbidity and mortality rates with better risk assess-
ment, better understanding and new treatments as part of the secondary prevention 
concerning cardiac dysfunction after myocardial infarction.

aim of this thesis

In an attempt to further optimize primary and secondary prevention thus reducing the 
burden caused by myocardial infarction I evaluated risk of myocardial infarction in the 
general population, especially in the northern part of the Netherlands. Second, I aimed 
to better understand predictors of cardiac dysfunction and outcome after myocardial 
infarction. Third, I studied new therapies in adjunction to PCI aimed at reducing cardiac 
dysfunction and improved outcome after myocardial infarction.

ParT I 

In part I insights in cardiovascular risk in the general population are handled. Due to 
changes in lifestyle, the ageing society, and other factors, the prevalence of cardiovascu-
lar disease is expected to increase substantially in the near future. Epidemiologic studies 
are essential to further our understanding of the interacting genetic, behavioral, and 
environmental determinants associated with cardiovascular disease and its risk factors. 
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A contemporary population-based cohort study which can improve our knowledge on 
(cardiovascular) healthy ageing in the northern part of The Netherlands is the LifeLines 
Cohort Study. In chapter 2 the prevalence of cardiovascular disease, its risk factors and 
utilization of primary prevention by drug treatment in the LifeLines Cohort Study are 
presented. In chapter 3 we studied individuals who had electrocardiographic signs of 
myocardial infarction but were unaware of this. We studied the predictors of unrecog-
nized myocardial infarction with a matched case-control set of LifeLines Cohort Study 
participants.

ParT II

In part II we focused on assessing risk of left ventricular (LV) dysfunction after myocardial 
infarction. Many studies in the past studied various clinical, biochemical and angio-
genic factors in relation to left ventricular ejection fraction (LVEF) and infarct size after 
STEMI14-21. Interestingly, many of the previous studies ignored the classical parameter 
creatine kinase MB (CK-MB) as marker of infarct size. Therefore, it remains uncertain 
whether recently reported markers have any value above and beyond the CK-MB. We 
generated a multimarker risk model, making use of easily obtainable values during 
hospitalization rather than biomarker levels measured only on admission8. Chapter 4 
discusses the value of cardiac biomarkers available during STEMI hospitalization in 
relation to infarct size and LVEF as assessed by cardiac magnetic resonance imaging. In 
addition, we determined the optimal biomarker cutpoints to differentiate small from 
large infarct size were determined and predictive ability of these cutpoints with mortal-
ity was tested. LVEF is an important predictor of prognosis after STEMI22, however, other 
measures of cardiac function are emerging that might also be relevant. For example, 
previous studies established the relation of global longitudinal strain with other cardiac 
function parameters and outcome23-29. Global longitudinal systolic strain is a measure of 
LV deformation. Global longitudinal systolic strain is often affected after STEMI, and is 
thought to correlate well with LVEF and infarct size. Less is known about its predictors 
and course over time. Therefore, in chapter 5 we aimed to further understand the clini-
cal and biochemical correlates of (change in) of global longitudinal systolic strain and its 
relation with LVEF, infarct size and long-term outcome.

ParT III 

In part III I studied future therapies targeting risk of LV dysfunction after myocardial 
infarction. Timely PCI in STEMI is the treatment of choice and superior to thrombolytic 



14 Chapter 1

therapy. However, even reperfusion therapy is believed to cause some form of injury30. 
Ischemia reperfusion injury is thought to account for approximately half of the final 
infarct size31. One of the proposed underlying mechanisms for this phenomenon is the 
restoration of blood flow accompanied by distal embolization of debris and microvascu-
lar obstruction30. The latter has been associated with adverse left ventricular remodeling 
and impaired prognosis31. Other mechanisms include the activation of inflammatory 
cells and the release of iron from red blood cells (in case of hemorrhage) in the injured 
myocardium and compression of the microcirculation by tissue edema caused by re-
perfusion. The key to tackling ischemia reperfusion injury in order to restrict myocardial 
injury and preserve cardiac function after myocardial infarction is still a matter of debate. 
Many nonpharmacological and pharmacological interventions have been evaluated, 
many with contradictory results, including those focused on ischemic post-conditioning 
and the use of β-blockers32, without convincing results so far. One of the trials evaluating 
the effect of a new pharmacologic intervention, namely metformin, on left ventricular 
function in STEMI patients was the Glycometabolic Intervention as Adjunct to Primary 
Percutaneous Coronary Intervention in ST-Segment Elevation Myocardial Infarction III 
(GIPS-III) trial33. This was a double-blind placebo controlled trial including 380 STEMI 
patients undergoing primary PCI and randomized to metformin or placebo treatment. 
The primary endpoint left ventricular ejection fraction (LVEF) at 4 months was assessed 
by cardiac magnetic resonance imaging. The study showed neutral results of metformin 
treatment on the primary endpoint LVEF at 4 months. In chapter 6 we studied the effect 
of metformin treatment on long-term outcome in the GIPS-III trial. Another target to 
reduce myocardial injury is inflammation. Apart from statins, also thought to reduce 
inflammation burden caused by atherosclerosis, several other less successful therapies 
have been evaluated so far, such as interleukin-1 inhibition and other cytokine-inhib-
iting agents. A translational overview of cytokine-targeting therapies in the setting of 
myocardial infarction and heart failure is given in chapter 7. One of the promising new 
targets of inflammation is the interleukin-6 receptor (IL-6R). IL-6R signaling is involved 
in the inflammatory response during STEMI34. In myocardial infarction elevated IL-6(R) 
levels have been found35 and in acute coronary syndrome increased IL-6 was associ-
ated with reduced cardiac function36. IL-6R inhibition and other cytokine-targeting 
therapies are widely used in inflammatory diseases including rheumatoid arthritis37 
and its potential in the treatment of myocardial infarction and heart failure is currently 
under investigation. Here, findings of experimental and clinical studies as well as the 
translational shortcomings will be reviewed. To further test whether IL-6R represents 
a target we studied IL-6R inhibition in an experimental ischemia reperfusion mouse 
model. We hypothesized that treatment with IL-6R inhibition improves cardiac function 
after myocardial infarction. The results of the study are addressed in chapter 8.
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aBsTraCT

Background

The LifeLines Cohort Study is a large three-generation prospective study and Biobank. 
Recruitment and data collection started in 2006 and follow-up is planned for 30 years. 
The central aim of LifeLines is to understand healthy ageing in the 21st century. Here, the 
study design, methods, baseline and major cardiovascular phenotypes of the LifeLines 
Cohort Study are presented.

Methods and results 

Baseline cardiovascular phenotypes were defined in 9,700 juvenile (8–18 years) and 
152,180 adult (≥18 years) participants. Cardiovascular disease (CVD) was defined using 
ICD-10 criteria. At least one cardiovascular risk factor was present in 73% of the adult 
participants. The prevalence, adjusted for the Dutch population, was determined for risk 
factors (hypertension (33%), hypercholesterolemia (19%), diabetes (4%), overweight 
(56%), and current smoking (19%)) and CVD (myocardial infarction (1.8%), heart failure 
(1.0%), and atrial fibrillation (1.3%)). Overall CVD prevalence increased with age from 
9% in participants <65 years to 28% in participants ≥65 years. Of the participants with 
hypertension, hypercholesterolemia and diabetes, respectively 75%, 96% and 41% did 
not receive preventive pharmacotherapy.

Conclusions

The contemporary LifeLines Cohort Study provides researchers with unique and novel 
opportunities to study environmental, phenotypic, and genetic risk factors for CVD and 
is expected to improve our knowledge on healthy ageing. In this contemporary Western 
cohort we identified a remarkable high percentage of untreated CVD risk factors sug-
gesting that not all opportunities to reduce the CVD burden are utilized.
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InTroduCTIon

Healthy ageing is one of the topics in ‘Horizon 2020 – Personalising Health and Care’; 
“the biggest European Union Research and Innovation programme” aimed to ensure 
Europe’s global competitiveness1. The goal of Horizon 2020 is to gain insight in factors 
and interactions comprising the development and maintenance of good health and the 
presence and progression of common diseases and disabilities. Throughout life, under-
lying genetic make-up and modifiable lifestyle factors such as behaviour, environment 
and nutrition interact in this process in varying degrees.

Despite recent progress with novel therapies, a major threat to healthy ageing is cardio-
vascular disease (CVD)2-5. CVD affects the majority of adults over 60 years of age. In 2012, it 
was estimated to be the cause of 17.3 million deaths worldwide 6. In the EU, the main cause 
of death is CVD and accounts for 1.9 million deaths every year2. CVD also causes substantial 
morbidity with an annual hospital discharge rate of 2,400 per 100,000 population.

Epidemiologic studies in the past, including the Framingham Heart study initiated in 
1948, have contributed enormously to our understanding of CVD and its risk factors7. 
However, after identification of risk factors with large effect size the power of many pre-
vious studies to test for smaller effect sizes or gene-environment interactions is limited. 
In addition, these cohorts date back to the 90s, and advances in treatment as well as 
changes in behavior and lifestyle have occurred. To further our knowledge of genes, 
environment and their interaction determining CVD and healthy ageing contemporary 
population-based biobanks are essential. The LifeLines Cohort Study, established in 
2006, is a contemporary observational population-based study designed to enhance 
our understanding of healthy ageing in the 21st century8. Baseline characteristics of 
167,729 inhabitants of the Northern part of the Netherlands have been collected. The 
first follow-up visit at five years is ongoing and the second 10-year follow-up visit is 
scheduled. LifeLines participants will be followed up to 30 years. LifeLines is a facility 
that is open for all researchers, information on application and data access procedures is 
summarized on www.lifelines.net. Here we summarize the baseline characteristics, and 
provide detailed information on the prevalence of CVD, cardiovascular risk factors and 
treatment thereof. In addition, we aim to inform and encourage researchers to consider 
LifeLines Cohort Study for their future research projects.

MeTHods

overall design of the lifelines Cohort study

The overall design and rationale of the LifeLines Cohort Study have been described 
in detail elsewhere8,9. In brief, individuals living in the recruitment area aged between 
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25 and 50, were invited through their general practitioners (GP). Individuals were not 
invited when the participating GP considered the patient not eligible by reason of se-
vere psychiatric of physical illness; limited life expectancy or insufficient knowledge of 
the Dutch language. In addition, inhabitants of the Northern provinces, who were not 
invited by their GP and not meeting above-mentioned reasons, could register them-
selves via the LifeLines website. After signing informed consent, participants received a 
baseline questionnaire and an invitation to a health assessment at one of the LifeLines 
research sites. During these visits, participants were asked whether their family members 
would also be willing to participate. Overall, 49% of the participants (n=81,652) were 
invited through their GP, 38% (n=64,489) via participating family members and 13% 
(n=21,588) self registered via the LifeLines website. In total, 167,729 participants were 
included from the end of 2006 until December 2013 and data of 167,016 participants 
were suitable for further analysis. The 5-year follow-up visit physical examination at the 
LifeLines research site is currently ongoing and the 10-year follow-up visit is planned. 
In addition, participants receive a follow-up questionnaire every 18 months. By using a 
third-party pseudo-anonymization system, records of GPs, pharmacies and other health 
and national registries are being linked with the LifeLines database. Data was analyzed 
for different pre-specified age categories, namely juvenile (aged 8-18 years), young and 
middle-age adults (≥18 and <65) and older aged (65+) participants. Data collection 
within LifeLines is dynamic, add-on studies are continuously implemented in LifeLines.

Cardiovascular data collection

Questionnaires 
Self-reported questionnaires were used to obtain information on demographics, family 
composition, work and education, general health, lifestyle, environmental and psycho-
social factors. Lifestyle and environment questions included information on physical 
activity (SQUASH questionnaire), nutrition (FFQ questionnaire), smoking, physical en-
vironment and daytime activities. Psychosocial factors included questions on perceived 
quality of life, health perception, personality, stress and social support8. Drug use was 
collected in the questionnaire and categorized using the general Anatomical Therapeu-
tic Chemical Classification System (ATC) codes. We recently reported a global overview 
of the definitions of CVD and non-CVD in a subpopulation of LifeLines10.

Physical examination
At baseline, participants were invited to visit one of twelve LifeLines Research sites to 
undergo a physical examination and a series of tests. During the baseline visits height 
without shoes was measured with the SECA 222 stadiometer and rounded to the nearest 
0.5 cm. Weight without shoes and heavy clothing was measured with SECA 761 scale and 
rounded to the nearest 0.1 kg. Waist and hip circumference were measured with SECA 
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200 measuring tape and rounded to the nearest 0.5 cm. Blood pressure was measured 
ten times during ten minutes with Dynamap, PRO 100V2. The blood pressure registered 
was calculated by averaging the final three readings in mmHg. Heart rate was collected 
and reported in beats per minute. Pulmonary function was measured once with Welch 
Allyn version 1.6.0.489 and a 12-lead electrocardiogram (ECG) was recorded with a 
Welch Allyn DT100 machine. Skin autofluorescence was measured at the lower arm with 
advanced glycation end products (AGE)-reader (AGEreader, DiagnOptics Technologies 
B.V., The Netherlands).

Biomaterial collection and biobanking
At the Research sites, blood and 24-hour urine was collected from participants and 
transported to the central LifeLines laboratory in Groningen. For performing clinical 
chemistry analyses on fresh blood and 24-hour urine samples, part of the samples was 
directly transferred to the central laboratory of the University Medical Centre Groningen 
(UMCG). From the remaining blood samples, part has been used for DNA isolation (from 
whole blood of all LifeLines participants aged 8 years and older) and was stored at -80°C. 
Normalized DNA was stored at 4°C. The remaining blood and 24-hour urine samples 
were stored at -80°C and are available for future research questions. In addition to blood 
and urine, faeces of more than 50,000 participants have been collected and a hair scalp 
will be collected from all participants during the first follow-up visit.

Genotyping data
Currently, genome-wide genotyping data is available of 13,436 participants. These data 
have been generated using the Illumina CytoSNP-12v2 array, after which they were 
called in GenomeStudio (Illumina, Inc., San Diego, California, USA). Quality control was 
performed with PLINK, after which 268,407 SNPs and 13,436 samples remained.

Ultra-low-dose CT imaging
A substudy (IMA-LIFE) is currently being established on ultra-low-dose CT scanning of 
the thorax. To determine normal values of lung density, bronchial wall thickness and 
coronary calcium by age and gender, 12,000 randomly assigned participants will un-
dergo CT scanning after signing additional informed consent.

For a complete overview of the available LifeLines data visit the LifeLines website at 
www.lifelines.net and the online data catalogue at https://catalogue.lifelines.nl/.

definitions 

Cardiovascular risk factors
Self-reported CVD risk factors were defined as present when they were affirmatively an-
swered in the questionnaire and as being absent when answered negatively or missing. In 
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addition, physical examination data at baseline visit was used to define and validate CVD 
risk factors specified by the following criteria (Supplementary Figures 1-7) show the opera-
tionalization methods for defining cardiovascular risk factors). Overweight was defined as 
a body mass index (BMI) above 25.0kg/m2. In juvenile participants, overweight was defined 
according to World Health Organization (WHO) child growth standards with BMI-for-age11.

Smoking included past and current smokers. Active smoking in adults was defined 
as having smoked the past month or now. Former adult smokers were defined as an-
swering the question ‘have you stopped smoking’ confirmatively. Data on smoking was 
available in juveniles aged 13 years and over. Active smoking in juveniles was defined 
as answering the question “does your child still smoke” confirmatively. Former smoking 
was defined as answering the question “did your child smoke daily” confirmatively and 
followed by the question “does your child still smoke” answered negatively. The question 
“Being active for at least half an hour a day”, was the definition for active lifestyle in 
adults, which was obtained from the questionnaire as well. In juveniles aged 8 years and 
over active lifestyle was defined as doing sports or playing outside for more than 7 hours 
a week. Cancer and blood clotting disorders were considered to be present when they 
were affirmatively answered in the questionnaire. The Systematic Coronary Risk Evalua-
tion Project (SCORE) risk was determined in adult participants with available cholesterol 
and blood pressure measurements12.

Cardiovascular disease 
By questionnaire, participants were asked to report presence of CVD and related 
symptoms. Operationalization methods were generated for defining (silent) myocardial 
infarction (MI), heart failure and atrial fibrillation (Supplementary Figures 8-11). With the 
help of these operationalization methods self-reported CVD or related symptoms were 
validated with biomarkers or cardiovascular medication. The total number of CVD per 
participant was determined. The definition for CVD was based on the ICD-10 and includ-
ed all CVD that could be verified in the LifeLines database; MI, heart failure, atrial fibril-
lation, heart valve disorders, arrhythmia, aneurysm, stroke, thrombosis, atherosclerosis, 
narrowing carotid arteries and a history of coronary artery bypass grafting (CABG)13.

statistical analysis

Normally distributed continuous variables were presented with mean and standard 
deviation. Continuous variables not normally distributed were presented as medians 
with interquartile ranges (IQR) and categorical variables as percentages. The Chi-square 
test was used to compare frequencies of events in the middle (aged ≥18 and <65) and 
older (aged 65+) aged group. Differences in continuous variables, not normally distrib-
uted, were ascertained by two-sample Wilcoxon rank-sum (Mann-Whitney) test. Age and 
sex standardized estimates were calculated with standardized rates for the variables, 
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defined as the weighted average of stratum-specific rates. These rates are averaged 
across the weights of the general population, based on the population distribution of 
age and sex of adults 18 years and over (13,060,511) in the Netherlands in 2010. This is 
implemented with the dstdize command in STATA, an algebraically equivalent of the Co-
chran’s formula14. Logistic regression was performed to assess the correlation between 
cardiovascular risk factors and CVD, presented with odds ratios. Adjustments for family 
relations were performed with the cluster option. Analyses were performed with STATA/
IC version 13.0 (StataCorp LP, College Station, Texas, USA).

ethics policy

Declaration of Helsinki: The LifeLines Cohort Study state that the study complies with the 
Declaration of Helsinki. The local ethics committee approved the research protocol and 
informed consent was signed by every participant.

resulTs

The LifeLines Cohort Study population included 68,850 male and 83,330 female adults 
and 7,231 male and 7,605 female juveniles. In total 60,401 participants were part of 42,351 
families, including first-, second- and third-degree relatives, generating 112,050 family 
clusters. The age and gender distribution of LifeLines participants differed substantially 
from the general population distribution in the Netherlands (Figure 1 and Table 1).

Baseline characteristics and cardiovascular risk factors

Physical examination was available on all participants. Lower weight was seen in the 
older aged group compared to the middle age category; in women the mean weight 
was 74±14 (old age category) and 74±12kg (middle age category, p=0.001) respectively 

a B

figure 1. A. Population distribution in the Netherlands in 2010. B. Population distribution in the LifeLines 
Cohort Study, inclusion 2006-2013.
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and in men 88±14 and 85±11kg (p<0.001) respectively. The mean height of women in 
the middle age category was higher compared to the older age category (170±7cm ver-
sus 164±6cm, p<0.001). The height of men was lower in the older aged group: 183±7cm 
in the middle age category compared to 177±cm in the older aged group (p<0.001). In 
total 61.9% (n=35,878) of men were overweighed in the middle age category compared 
to 48.5% (n=40,450) of women (Figure 2). In the older age group, these proportions were 
higher: 73.5% (n=3,774, p<0.001) of men and 69.4% (n=3,967, p<0.001) of women. In 

Table 1. Demographics and cardiovascular risk factors in the LifeLines Cohort Study 

Characteristics Juvenile
8-18Y

n adults
18-65Y

n adults
65+Y

n Crude
estimate

stan-
dardized
estimate

Age (years, mean ± SD) 9.11 ± 4.7 14,836 43 ± 11 141,327 71 ± 5 10,853 - -

Female 51.3% 7,605 59.0% 83,330 52.7% 5,720 - -

Ethnicity 

 White/East and West European - - 97.9% 109,574 99.0% 7,484 - -

Mediterranean or Arabic - - 0.4% 406 0.1% 9 - -

 Black - - 0.2% 189 <0.1% 3 - -

 Asian - - 0.5% 570 0.2% 17 - -

 Other - - 1.0% 1,136 0.6% 47 - -

Cardiovascular risk factors

Self reported hypertension - - 19.9% 28,059 36.8% 3,993 21.1% 22.2%

Hypertension 0.4% 57 22.5% 31,748 69.0% 7,487 25.8% 32.6%

Self reported 
hypercholesterolemia 

- - 11.5% 16,234 29.2% 3,168 12.8% 14.7%

Hypercholesterolemia 0.2% 35 12.8% 18,102 43.8% 4,753 15.0% 19.1%

Self reported diabetes mellitus - - 2.0% 2,819 9.8% 1,063 2.6% 3.5%

Diabetes mellitus 0.2% 31 2.6% 3,646 11.7% 1,270 3.2% 4.4%

Self reported kidney disease - - 0.5% 655 1.0% 103 0.5% 0.6%

Kidney disease 0.3% 41 1.4% 1,910 11.8% 1,281 2.1% 4.6%

Overweight 13.0% 1,933 54.0% 76,282 71.2% 7,730 55.2% 56.2%

Active smoker 1.2% 184 21.5% 30,412 8.2% 893 20.6% 19.0%

Former smoker 0.4% 65 32.5% 45,953 52.4% 5,687 33.9% 35.3%

Active lifestyle (30 min/day) 42.4% 6,292 21.4% 30,257 23.7% 2,567 21.6% 21.1%

Family health - CVD - - 8.9% 12,510 10.0% 1,083 8.9% 8.8%

Cancer - - 3.8% 5,331 15.8% 1,709 4.6% 6.2%

COPD - - 9.9% 14,037 23.4% 2,540 10.9% 12.6%

Rheumatoid arthritis - - 1.2% 1,658 1.8% 199 1.2% 1.2%

Thyroid disease 0.2% 30 2.2% 3,074 4.9% 536 2.4% 2.6%

Blood clotting disorder - - 0.6% 852 0.7% 77 0.6% 0.6%

Abbreviations: CVD, cardiovascular disease; COPD, chronic obstructive pulmonary disease.
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contrast to the lower heart rate (72±11bpm in the young and middle-age adults versus 
68±14bpm in the older aged, p<0.001), systolic blood pressure was higher in older age 
categories (124±15 over 74±9mmHg in the young and middle-age adults vs. 137±24 
over 74±12mmHg in the older aged, p<0.001). Additional biomarkers and cardiovascu-
lar drug use were available (Supplementary Table 1 and Table 2).

The prevalence of cardiovascular risk factors is presented in Table 1. In 110,502 (72,6%) 
participants, at least one classical cardiovascular risk factors (hypertension, hypercho-
lesterolemia, diabetes mellitus, kidney disease, overweight or current smoking) was 
present. As expected, the burden of cardiovascular risk factors (SCORE) increased with 
age (Figure 3A).

Cardiovascular drug use increased with age. Amongst the most prescribed cardiovas-
cular drugs were agents acting on the renin-angiotensin system, lipid drugs and beta-
blockers. Overall, 12.3% (n=17,341) of the participants in the young and middle-age 
adults used one or more cardiovascular drug compared to 54.8% (n=5,945, p<0.001) of 
the participants in the older aged group. However, of the participants with hyperten-
sion 75.2% had no antihypertensive drugs, for hypercholesterolemia 95.9% had no lipid 
lowering drugs, for diabetes 41.2% had no anti-diabetic drugs.

The recent SPRINT trial proclaimed lower rates of cardiovascular events in persons 
with strict blood pressure control (<120 mmHg)15. In a recent publication investigating 
eligibility of SPRINT criteria in U.S.A. adults, more than half of the adults with hyperten-
sion were not treated16. In this cohort, of the participants with systolic blood pressure 
higher than 130 mmHg (n=54,026, 35.5%) 79.9% (n=43,153) had no antihypertensive 
drugs. Of participants having a SCORE predicting a ≥5% 10-year risk of fatal CVD, 53.2% 
were not using any cardiovascular preventive drugs.
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figure 2. Body Mass Index distribution for males and females in the middle and older age category in the 
LifeLines Cohort Study, BMI = Body Mass Index.
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Cardiovascular disease 

Symptoms possibly related to CVD were common. Chest pain and dyspnea on exertion 
were reported by approximately 25% of all adult participants. CVD and suggestive 
symptoms along are presented in Table 2. CVD was present in 16,872 (11%) of adult 
participants and increased with age from 9% in the middle age category to 28% in the 
older age category. Figure 3B shows total CVD burden in the LifeLines Cohort Study 
population. Prevalence of CVD increases substantially from the age of 50 (p<0.001). 
Interestingly, we observed that not only the number of individuals with CVD increases, 
but the amount of reported CVD manifestations increases as well. Table 3 shows multi-

Table 2. Cardiovascular disease in the LifeLines Cohort Study

Characteristics adults
18-65Y 

n adults
65+Y

n Crude
estimate

standardized
estimate

MI, heart failure and atrial fibrillation  

Self reported MI 0.7% 985 6.2% 665 1.1% 2.0%

 With drug use or ECG abnormalities 0.6% 852 5.6% 608 1.0% 1.8%

Silent MI 0.1% 162 0.5% 58 0.1% 0.2%

Possible diagnosis silent MI 0.4% 549 1.4% 152 0.5% 0.7%

Self reported heart failure 0.6% 776 3.2% 342 0.7% 1.2%

 With drug use or therapy otherwise 0.4% 495 2.8% 307 0.5% 1.0%

Cardiac implantable electronic device 0.1% 139 0.8% 87 0.2% 0.3%

Transplant <0.1% 10 <0.1% 14 <0.1% <0.1%

Atrial fibrillation 0.3% 408 3.9% 426 0.6% 1.3%

other self reported CVd  

Balloon angioplasty or bypass surgery 0.9% 1,323 8.4% 898 1.5% 2.8%

Heart valve disorder 0.9% 1,237 3.1% 332 1.0% 1.4%

Palpitations 6.7% 9,462 14.6% 1,579 7.3% 8.0%

Aortic aneurysm 0.2% 266 1.9% 202 0.3% 0.6%

Stroke 0.6% 842 3.1% 336 0.8% 1.2%

Thrombosis 1.1% 1,55 2.9% 316 1.2% 1.4%

Atherosclerosis 0.4% 491 2.0% 214 0.5% 0.8%

Narrowing carotid arteries 0.2% 271 1.5% 124 0.3% 0.4%

symptoms  

Peripheral edema 14.4% 20,038 23.9% 2,082 14.5% 13.9%

Chest pain 26.5% 36,972 28.1% 2,446 25.9% 25.8%

Shortness of breath 22.9% 31,567 19.6% 1,703 21.9% 20.8%

Dyspnea 10.3% 14,436 6.6% 572 9.9% 9.1%

Dyspnea on exertion 25.9% 36,087 27.7% 2,403 25.3% 24.7%

Orthopnea 3.5% 4,899 4.2% 360 3.5% 3.2%

Abbreviations: ECG, electrocardiogram; MI, myocardial infarction; CVD, cardiovascular disease.
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variate logistic regression of CVD risk factors with corresponding odds ratios for CVD. 
After adjustment for family clusters odds ratios were analogous.

Table 3. Multivariate logistic regression: risk factors and CVD

Characteristics P-value odds ratio 95% CI

Female <0.001 1.08 1.04-1.12

Age per year <0.001 1.04 1.03-1.04

Overweight 0.003 1.06 1.02-1.10

Smoking <0.001 1.21 1.17-1.26

active lifestyle

Active 0 out of 7 days Reference - -

Active 1 out of 7 days <0.001 0.82 0.74-0.90

Active 2 out of 7 days <0.001 0.80 0.73-0.88

Active 3 out of 7 days <0.001 0.80 0.73-0.88

Active 4 out of 7 days <0.001 0.78 0.72-0.86

Active 5 out of 7 days <0.001 0.84 0.77-0.92

Active 6 out of 7 days <0.001 0.84 0.77-0.92

Active 7 out of 7 days <0.001 0.86 0.79-0.93

Family CVD <0.001 1.30 1.24-1.38

Cancer <0.001 1.15 1.08-1.24

Thyroid disease <0.001 1.53 1.39-1.68

Kidney disease <0.001 1.23 1.11-1.36

Hypercholesterolemia <0.001 1.84 1.77-1.92

Hypertension <0.001 2.14 2.06-2.23

Diabetes 0.025 1.10 1.01-1.19

Abbreviations: CVD, cardiovascular disease; CI, confidence interval.
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figure 3. A. Mean SCORE in LifeLines per age category. B. Mean number of CVD manifestations in LifeLines. 
SCORE = Systematic Coronary Risk Evaluation Project; CVD = Cardiovascular disease.
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dIsCussIon

Here we describe the baseline cardiovascular characteristics of the contemporary three-
generations LifeLines Cohort Study with 167,016 participants. The risk factor burden of 
the LifeLines Cohort Study is high and can be extrapolated to the Dutch general popula-
tion by adjusting for population distribution. Over 70% of the participants had at least 
one cardiovascular risk factor (hypertension, hypercholesterolemia, diabetes mellitus, 
kidney disease, overweight or current smoking) and in a substantial proportion (11%) 
a manifestation of CVD was present. Primary prevention of cardiovascular risk factors, 
even when SCORE predicted a 5% or more risk, was remarkably low. The burden of risk 
factors and CVD present in the LifeLines Cohort Study provides considerable power to 
study events and risk factors related to CVD. It is therefore a valuable tool for researchers 
to further study the role of CVD and its risk factors in relation to healthy ageing.

The LifeLines study population differs from the general population by its design 
to that effect that the proportion of adults aged 25-50 years are overrepresented17. 
Reported prevalences of CVD risk factors from the Dutch National Registry (Statistics 
Netherlands) based on national health survey in around 15,000 persons, are frequently 
lower compared to the LifeLines Cohort Study17. This may be due to different methods 
used for identifying and defining disease. For example, according to the Statistics Neth-
erlands for 2013 and 2014 prevalence of hypertension and overweight were around 11% 
lower17. Smoking was estimated 4% higher than in the LifeLines Cohort Study, with a 
prevalence of 24.9% compared to 20.6%. In contrast, the WHO reported generally higher 
prevalences with hypercholesterolemia, diabetes and overweight estimated 5% higher 
than in the LifeLines Study 18.

Discrepancies exist regarding physical activity. According to the WHO in 2010 17.9% 
of adults from the Netherlands were insufficiently active18 and the Statistics Netherlands 
reported 63% of the population attained sufficient physical activity. These differences 
might be due to the use of different definitions and measurements of physical activity. 
The reported family history of CVD was four times higher in the Rotterdam study com-
pared to the LifeLines, suggesting regional differences, the use of different definitions, 
or underreporting in the LifeLines Cohort Study19. MI and stroke percentages in the 
LifeLines Cohort Study were somewhat lower compared to the Statistics Netherlands 
inquiry in 2014, in which 3.1% of the total population ever had a stroke and 3.3% had a 
MI compared to respectively 0.8% and 1.1% in the LifeLines study population.

In the Netherlands in 2012 drug use of lipid lowering drugs was 10.7%, betablockers 
9.8% and diabetes 4.6%, similar as reported by the participants of the LifeLines Cohort 
Study17. Interestingly, taking into account the risk factor burden in participants with a 
predicted risk of ≥5% of which the majority does not use cardiovascular preventative 
drugs, there is likely to be a considerable underutilisation of primary prevention. The 
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General Practitioner has been informed about the risk profile of the LifeLines participant 
as part of the protocol and in line with the recommendation of the Medical Ethical 
Committee. Follow-up studies will be performed to study whether this knowledge has 
increased the percentage of subjects in whom primary prevention was initiated.

Strengths of the Lifelines Cohort Study include the open protocol and hence a con-
tinuous possibility for researches to implement add-on studies. The three-generation 
structure in combination with the available genome-wide genetic data enables unique 
opportunities for the analysis of genetic traits. In LifeLines, over one-thirds of the par-
ticipants had first-, second-, or third-degree relatives also taking part in the study. The 
family design of the LifeLines Cohort Study has advantages with respect to multiple-
level information, separation of non-genetic and genetic familial transmission and the 
investigation of (epi)genetic influences. Another advantage when performing genetic 
research, is the relatively homogeneous study population due to a low migration rate in 
the northern part of the Netherlands (net migration rate of 0.80 per 1,000 inhabitants 
in 2012)17. Less than 2% of the total included population had an ethnicity other than 
white-, east- or west-European. Diversity regarding CVD exists within ethnicity groups, 
and reported prevalences were not corrected for ethnicity. Current data might not be 
applicable to other ethnicities.

ConClusIon

The LifeLines Cohort Study is a large population based cohort accessible to national 
and international researchers8. The three-generation structure in combination with the 
available genome-wide genetic data enables unique opportunities for the analysis of 
environmental and genetic traits. The family design of LifeLines enables inclusions of 
three generation families and has advantages with respect to multiple-level information, 
separation of non-genetic and genetic familial transmission. The prevalence of CVD risk 
factors and conditions is abundant in LifeLines and enables researchers to improve our 
knowledge on CVD and healthy cardiovascular ageing. A remarkable high percentage of 
untreated CVD risk factors in LifeLines suggest that not all opportunities to reduce the 
CVD burden are utilised.
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aBsTraCT

Background 

Identifying unrecognized myocardial infarction (MI) is important for secondary preven-
tion. The aim of this study is to determine the prevalence and correlates of unrecognized 
MI and the association with mortality in the general population.

Methods 

All participants ≥18 years participating in the Lifelines population, a three-generation 
Cohort Study and Biobank, were included (n=152,180). Participants with unrecognized 
MI were matched with controls without MI (1:2) based on age and gender. Unrecognized 
MI was defined when no history of MI was reported in combination with electrocardio-
graphic (ECG) signs corresponding to MI. A history of MI was defined as a reported his-
tory of MI in combination with ECG signs and/or the use of antithrombotic medication.

results 

MI was present in 1,881(1.2%) of participants and was unrecognized in 431(22.9%) 
participants. Under the age of 50 years, percentages of unrecognized MI relative to the 
total amount of MI were 34% and 55% in men and women respectively. Compared to 
recognized MI, classical cardiovascular risk factors were less prevalent in participants 
with unrecognized MI. During a median follow-up time of 5, 4 and 4 years, 4.4%, 6.4% 
and 2.2% of participants with unrecognized MI, recognized MI and without MI died, 
respectively. In a multivariate logistic regression unrecognized MI was an independent 
predictor of death.

Conclusions 

The prevalence of unrecognized MI is substantial and classical cardiovascular risk factors 
are less prevalent in participants with unrecognized MI. Nevertheless, unrecognized MI 
is associated with mortality. Risk stratification and early diagnosis is necessary to reduce 
the morbidity and mortality after MI.
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InTroduCTIon

Coronary heart disease accounts for approximately one-third to one-half of the total 
cases of cardiovascular diseases (CVD)1. Earlier studies reported that 22% to 64% of the 
patients with coronary artery disease experience an unrecognized myocardial infarction 
(MI), with atypical or no symptoms of MI at all2-5. These patients do not receive second-
ary prevention and are at increased risk of clinical CVD compared to individuals without 
previous MI6-9 and even compared to subjects in whom MI was recognized10. In addition, 
unrecognized MI has been associated with an increased risk for all-cause mortality in 
the Rotterdam study11 and Atherosclerosis Risk in Community (ARIC) study5,11. The ARIC 
study presented an overview of (silent) MI, only in patients with the age between 45 and 
64 years old5. The Rotterdam study observed an old population (>55 years of age) and 
dates back to the 1990s11. However, major changes in lifestyle, awareness and advances 
in diagnosis and treatment have since been made. We aimed to investigate the preva-
lence and correlates of unrecognized MI in the general adult population (≥18 years) and 
its association with mortality in the Lifelines Cohort study. The Lifelines Cohort study is a 
contemporary observational study including over 165,000 participants of the northern 
of the Netherlands and is designed to greater our understanding of healthy ageing in 
the 21st century.

MeTHods

study design and subjects

Lifelines is a cohort and biobank that is open for all researchers. Information on applica-
tion and data access procedure is summarized on www.Lifelines.net. The study design 
and rationale of Lifelines were previously described in detail12-14. Lifelines is a multi-
disciplinary prospective population-based cohort study examining in a unique three-
generation design the health and health-related behaviours of 167,729 persons living 
in the North of The Netherlands. It employs a broad range of investigative procedures in 
assessing the biomedical, socio-demographic, behavioural, physical and psychological 
factors which contribute to the health and disease of the general population, with a 
special focus on multi-morbidity and complex genetics. Persons willing to participate 
received an informed consent form and a questionnaire and were invited to visit one of 
the twelve Lifelines Research sites. During the baseline visit the signed informed consent 
was taken in and a 12-lead electrocardiogram (ECG) was made with a Welch Allyn DT100 
ECG system. Blood and 24 hour urine samples of all participants were placed on 4°C and 
transported to the Lifelines laboratory in Groningen. For the current study, all partici-
pants included were aged 18 years or above. When automatic evaluation by Welch Allyn 
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of the ECG was classified as abnormal, the ECG was reviewed by a cardiologist. The car-
diologist reported the observed abnormalities on the ECG to the participants and their 
general practitioners. Participants with (possible) unrecognized MI were matched with 
controls without MI (1:2) based on age and gender. ECGs of participants with (possible) 
MI and those of controls were reviewed again for confirmation of the diagnoses. When 
it was not clear whether there was an infarction on ECG, participants were classified as 
controls. After the second review, a second matched control group was made based on 
age and gender (1:2).

definition (unrecognized) MI

All ECGs were automatic evaluated by the WelchAllyn CardioPerfect (version 1.6.2.1105) 
software. Abnormal ECGs were reviewed by a cardiologist. Criteria of ECG changes asso-
ciated with prior MI were: Any Q wave in leads V2−V3 ≥0.02 sec or QS complex in leads V2 
and V3. Q wave ≥0.03 sec and ≥0.1 mV deep or QS complex in leads I, II, aVL, aVF or V4−V6 
in any two leads of a contiguous lead grouping (I,aVL; V−V6;II,III,aVF). R wave ≥0.04 sec in 
V1−V2 and R/S ≥1 with a concordant positive T wave in absence of conduction defect15. 
Unrecognized MI was defined when participants did not report a medical history of MI 
in the questionnaire in combination with ECG signs corresponding to MI. A history of MI 
was defined as participants reporting a history of MI in the questionnaire in combina-
tion with ECG signs of MI and/or the use of antithrombotic medication.

other definitions

Conduction disorder included left and right bundle branch block, left anterior and 
posterior fascicular block and intraventricular conduction delay. Hypertension was de-
fined as a systolic blood pressure ≥140 mmHg or a diastolic blood pressure ≥90 mmHg 
or use of blood pressure–lowering drugs. Hypercholesterolemia was defined as total 
cholesterol ≥193mg/dl (5.0mmol/L) and self-reported myocardial infarction, a total cho-
lesterol ≥251mg/dl (6.5mmol/L) or use of cholesterol-lowering medications. Diabetes 
mellitus was considered to be present if diabetes mellitus was self-reported or fasting 
(8–14 h) glucose value was ≥126mg/dl (7.0mmol/l) or a random or postload glucose 
value was ≥200mg/dl (11.1 mmol/l) or if a participant used anti-diabetic medication. 
Kidney disease was defined as estimated Glomerular Filtration Rate (eGFR) ≥60 ml/
min/1.73m2 with 24h albumin >30 or eGFR <60 ml/min/1.73m2. Smoking included cur-
rent and former smokers and was obtained from a questionnaire. Family CVD was defined 
as the presence of CVD in first degree relatives acquired before the age of 65, obtained 
from a questionnaire. A medical history of chest pain, coronary artery bypass surgery or 
percutaneous coronary intervention were assumed as present if participants reported 
chest pain in questionnaire. Self-reported heart failure was validated with medication 
use or the implantation of a cardiac device. Excessive alcohol use was defined as more 
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than fourteen alcoholic units per week for males and more than 7 alcoholic units per 
week for females. CHADSVASC score was generated with a history of Congestive heart 
failure, Hypertension, Age ≥75 years, Diabetes Mellitus, prior Stroke or thromboembo-
lism, Vascular disease, Age between 65-74 years and Sex category16. The definition for 
atrial fibrillation consisted of self-reported atrial fibrillation with the use of vitamin K 
antagonist or other oral anticoagulants or the presence of atrial fibrillation on ECG with 
the use of anticoagulants or a CHADVASC<2. Framingham risk score was generated with 
age, total cholesterol, smoking, HDL-cholesterol and systolic blood pressure17. Drug use 
was collected in the questionnaire and categorized using the general Anatomical Thera-
peutic Chemical Classification System codes. Information about mortality was obtained 
from the municipal personal records database.

statistical analyses 

Patients with unrecognized MI were randomly matched with two controls using the 
ccmatch command in Stata based on age in years at baseline and gender. Dichotomous 
variables are presented as percentages, and continuous variables as mean with standard 
deviation (SD). Continuous variables not normally distributed were presented as medians 
with their interquartile ranges (IQRs). The Chi-square test was used to compare frequen-
cies of events in participants with unrecognized MI and recognized MI or participants 
with unrecognized MI and without MI. Continuous variables not normally distributed 
and differences in continuous variables between participants with unrecognized MI and 
recognized MI or participants with unrecognized MI and without MI were tested by two-
sample Wilcoxon rank-sum (Mann-Whitney) test.

Downwards-stepwise multivariable conditional logistic regression analyses were 
performed to determine correlates of baseline variables and unrecognized MI (cutoff 
for entry 0.10; and removal 0.05). To validate the model, forward-stepwise multivariable 
conditional logistic regression was performed as well (cutoff for entry and removal set 
at a significance level of 0.05). This analyses takes the matched structure of the data into 
account. Medication and biomarkers in the blood were not included in regression analy-
ses because of the correlation with cardiovascular risk factors and diseases. Univariate 
conditional regression analysis was reported with p-value and when significant, con-
comitant odds ratios (OR), and confidence intervals were presented. Univariate variables 
with p-value ≤0.10 were included in the multivariate conditional logistic regression. 
Multivariable logistic regression analyses were performed to determine if unrecognized 
MI was an independent predictor of death corrected for age, sex, hypertension, diabetes 
and heart rate. Due to privacy concerns, only death year was available, which did not 
enable us to perform a survival analyses. All statistical analyses were performed using 
Stata version IC 13, StataCorp, College Station, Texas.
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resulTs

Figure 1 shows a flowchart of our study population. Baseline ECGs were available in 
152,124 participants. In 20.9% of cases (31,724 out of 152,124) automatic evaluation of 
the ECG was classified as abnormal and the ECG was reviewed by a cardiologist. ECGs 
of 3,556 participants (701 participants with “possible” unrecognized MI, 1,395 controls 
and 1,460 participants with recognized MI) reviewed again and a new matched control 
group was made. MI was present in 1,881 (1.2%) participants. Unrecognized MI was 
present in 431 (22.9%) and recognized MI in 1,450 (77.1%) participants. In the group 
under the age of 50 years, percentages of unrecognized MI relative to the total number 
of MI were 34% (92 out of 268) and 55% (83 out of 150) in men and women respectively. 
Proportions of 20%, 16% and 13% of unrecognized MI relative to the total number of 
MI were determined among participants with an age of 45, 55 and 65 years and older, 
respectively. In men and women the percentage of unrecognized MI relative to the total 
number of MI decreased with age but was significantly higher for women compared to 
men in from the age of 40 years (p<0.001, Figure 2).

Table 1 shows the baseline characteristics of participants with unrecognized and rec-
ognized MI. Participants with unrecognized MI were younger (55 years versus 62 years, 
p<0.001) and more often female (50% versus 24%, p<0.001) compared to participants 
with recognized MI.

Lifelines participants
152,124 ECG available

31,724 ECGs abnormal: 
first review by cardiologist

431 unrecognized MI 1,450 recognized MI

701 (possible) 
unrecognized MI

1,460 (possible) 
recognized MI

Second review by 
interventional cardiologist

Second review by 
interventional cardiologist

1,395 2:1 matched 
control group

Second review 
confirmation no infarction

857 2:1 matched 
control group

figure 1. Flowchart of the study population. ECG = electrocardiogram, MI = myocardial infarction.
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Table 1. Baseline characteristics unrecognized and recognized MI

Characteristic unrecognized MI 
(n=431)

recognized MI 
(n=1,450)

P-value

Age (mean±SD) 54.8 (12.9) 62.3 (11.1) <0.001

Female (%) 49.9 (215) 23.5 (340) <0.001

Ethnicity 

 East or West European (%) 97.4 (335) 98.7 (1,040) 0.103

Anthropometry

 BMI (kg/m2) 27.3 (4.9) 28.3 (4.0) <0.001

 Heart rate (BPM) 72 (13) 65 (11) <0.001

ECG abnormalities 

 Conduction disorder (%) 13.9 (60) 22.1 (321) <0.001

Risk factors

 Hypertension (%) 47.3 (204) 90.0 (1,305) <0.001

 Hypercholesterolemia (%) 25.1 (108) 88.3 (1,280) <0.001

 Diabetes Mellitus (%) 9.5 (41) 16.8 (244) <0.001

 Kidney disease (%) 5.3 (23) 12.7 (184) <0.001

 Active or former smoker (%) 58.9 (254) 76.6 (1,111) <0.001

 Family health – CVD (%) 9.7 (42) 18.0 (261) <0.001

 Excessive alcohol use (%) 23.0 (92) 19.0 (239) 0.084

Heart disease

 Heart failure (%) 1.6 (7) 18.5 (268) <0.001

 Atrial fibrillation (%) 1.2 (5) 7.5 (108) <0.001

 History of chest pain (%) 26.9 (116) 79.9 (1,158)  <0.001

 CABG or PCI 3.5 (15) 71.7 (1,039) <0.001

Blood biomarkers

 HsCRP (mg/L) 1.4 (0.7 – 3.1) 1.4 (0.7 – 3.1) 0.849

 Creatinine (mmol/L) 74 (65 – 84) 81 (72 – 93) <0.001

 eGFR 91.4 (79.8 – 100.9) 83.7 (70.8 – 93.3) <0.001

 Triglycerides (mmol/L) 1.09 (0.79 – 1.56) 1.21 (0.89 – 1.73) <0.001

 Cholesterol (mmol/L) 5.3 (4.5 – 5.9) 4.2 (3.7 – 4.8) <0.001

 HDL (mmol/L) 1.4 (1.2 – 1.7) 1.2 (1 – 1.5) <0.001

 LDL (mmol/L) 3.4 (2.7 – 4) 2.4 (2 – 3) <0.001

 Glucose (mmol/L) 5.1 (4.7 – 5.5) 5.3 (5 – 6) <0.001

 HbA1c (%) 5.6 (5.4 – 5.9) 5.9 (5.6 – 6.2) <0.001

Pharmacotherapy

 Blood pressure lowering 26.3 (114) 85.9 (1,245) <0.001

 Cholesterol lowering 24.0 (61) 86.4 (1,252) <0.001

 Platelet inhibitors 14.2 (36) 88.7 (1,285) <0.001

Abbreviations: BMI, Body Mass Index; CABG, coronary artery bypass surgery; CVD, cardiovascular disease; 
ECG, electrocardiography; eGFR, estimated Glomerular Filtration Rate; HbA1c, hemoglobin A1c; HDL, high-
density lipoprotein; HsCRP, high sensitive C-Reactive Protein; LDL, low-density lipoprotein; PCI, percutane-
ous coronary intervention.
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Correlates of unrecognized MI

Compared to recognized MI, classical cardiovascular risk factors were less prevalent in 
participants with unrecognized MI (Table 1). Participants with unrecognized MI less often 
had a history of heart failure, atrial fibrillation, chest pain, percutaneous coronary inter-
vention or coronary artery bypass surgery compared to participants with recognized MI. 
Compared to controls, participants with unrecognized MI more often had a history of 
hypertension (p=0.014) or diabetes (p<0.001) and reported slightly more often a history 
of chest pain (p=0.081, supplementary Table 1).

Kidney function, as assessed by eGFR was higher in participants with unrecognized 
MI, and glucose levels were lower in participants with unrecognized MI compared to 
participants with recognized MI. Total cholesterol, HDL-cholesterol and LDL-cholesterol 
were higher in participants with unrecognized MI, but the value of triglycerides were 
lower compared to participants with recognized MI.

The use of blood pressure lowering medication, cholesterol lowering medication and 
platelet inhibitors was more common in participants with recognized MI compared to 
participants with unrecognized MI. In participants with unrecognized MI, the use of cho-
lesterol lowering medication was comparable to controls and the use of blood pressure 
lowering medication and platelet inhibitors slightly higher compared to controls.

figure 2. Proportion of unrecognized MI and recognized MI.
Dark blue shows the proportion of unrecognized MI. Light blue shows the proportion of recognized MI. 
Total number of MI per age category and sex are displayed above the bars. M = male, F = female, MI= myo-
cardial infarction.
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In multivariate logistic conditional regression analysis heart rate and diabetes were 
independent correlates for the presence of unrecognized MI (Table 2). Framingham risk 
score was not an independent predictor of unrecognized MI (p=0.292).

unrecognized MI and Mortality

Median follow-up time was 5 years (IQR 3-6 years) in patients with unrecognized MI, 
4 years (IQR 3-5 years) in patients with recognized MI and 4 years (IQR 3-6 years) in 
controls. In total, 19 out of 431 participants with unrecognized MI died, a significantly 
higher rate than participants in the control group (19 out of 857, p=0.028). The mortality 
in participants with unrecognized MI was similar to the mortality in participants with 
recognized MI (93 out of 1,450, p=0.122). The median time between baseline visit and 
death was 3 years (IQR 2 – 5) and was comparable between patients with unrecognized 
MI and controls (p=0.336). In multivariate logistic regression, with adjustment for age, 
sex, hypertension, diabetes and heart rate, unrecognized MI remained an independent 
predictor of death (OR=2.21, 95%CI=1.12-4.37, p=0.022). In participants younger than 65 
years, unrecognized MI was even a stronger predictor of death (OR=3.26, 95%CI=1.12-

Table 2. Univariate and multivariate conditional logistic regression: unrecognized MI

univariate logistic regression Multivariate logistic regression

P-value Odds ratio 95% CI R2 P-value Odds ratio 95% CI

Anthropometry

BMI 0.016 1.032 1.006 – 1.059 0.006

Heart rate 0.002 1.017 1.006 – 1.027 0.010 0.004 1.015 1.005 – 1.026

ECG abnormalities 

Conduction disorder 0.819

Risk factors

Hypertension 0.011 1.389 1.078 – 1.790 0.007

Hypercholesterolemia 0.680

Diabetes Mellitus <0.001 2.501 1.543 – 4.053 0.015 0.001 2.351 1.451 – 3.844

Kidney disease 0.319

Active or former smoker 0.527

Family health – CVD 0.395

Excessive alcohol use 0.579

Heart disease

Heart failure 0.621

Atrial fibrillation 0.772

History of chest pain 0.078 1.272 0.975 – 1.661 0.002

Framingham risk score 0.292

Abbreviations: BMI, Body Mass Index; CVD, cardiovascular disease; ECG, electrocardiography.
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9.45, p=0.030). In participants with the age of 65 years or older, unrecognized MI did not 
remain an independent predictor of death (OR=1.70, 95%CI=0.68-4.23, p=0.256).

dIsCussIon

The major findings of our study are 1) almost one in four MIs are unrecognized; 2) 
even though highest number of MI is found in older men, the highest proportion of 
unrecognized MI occurs in young women; 3) unrecognized MI is less associated with 
cardiovascular risk factors as recognized MI and 4) unrecognized MI is associated with 
increased mortality compared to participants without MI.

Prevalence unrecognized MI 

The prevalence of unrecognized MI is substantial; one in four MIs is unrecognized. The 
study of Sheifer et al. studied a population older than the age of 64, and found a propor-
tion of 22% of unrecognized MIs18. In our study, a proportion of 13% was determined 
among participants with an age of 65 years and older. Higher proportions were reported 
in the Olmsted, ARIC and Rotterdam studies; 44%, 45% and 48% in a population older 
than 45, 45 and 55 years, respectively5,11,19. In the Lifelines Cohort study population the 
proportions in these age categories were 20% (> 45 years) and 16% (>55 years), respec-
tively. However, the enrollment of participants of both the Olmsted and Rotterdam study 
took place in the 1990s. The recent and large scale inclusion of adult participants in the 
Lifelines Cohort study (n=152,180), makes the proportion of unrecognized MI found 
in our study probably more reliable and updated. This study is also the first reporting 
prevalences of unrecognized MI in the general adult population (≥18 years). Up to the 
age of 50 years, MIs are unrecognized in 34% of the cases in men and in 54% of the cases 
in women.

A study determining the prevalence of unrecognized MIs with the help of Photon 
Emission Computed Tomography, suggested that two out of three unrecognized MI are 
missed by classical ECG criteria20. In addition, another study reported that the preva-
lence of unrecognized MI is higher than the prevalence of recognized MI when assessed 
by cardiac Magnetic Resonance Imaging21. According to a third study, the sensitivity of 
ECG criteria for diagnosing prior MI lies between 0.30 and 0.58 and the specificity lies 
between 0.75 and 0.9622. With this knowledge, proportions of unrecognized MI may be 
even higher than estimated in our current study.

Missing the diagnosis of MI could be explained by the presentation of MI without chest 
pain. In our study, 27% of participants with unrecognized MI reported a history of chest 
pain compared to 80% of the participants with recognized MI. Compared to controls, 
a history of chest pain was slightly higher in participants with unrecognized MI (27% 
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versus 24%). The study of Sigurdsson et al. reported the presence of chest pain in 34% of 
the men with unrecognized MI compared to 58% in men with recognized MI2. Atypical 
presentation of MI is more common in women, resulting in worse outcomes compared 
to men23. More awareness of the atypical symptoms of MI (e.g. fatigue, dizziness, pain 
in the stomach region), especially in young women, is necessary for performing early 
additional electrocardiography research and diagnosing MI.

Baseline characteristics 

Participants with unrecognized MI have less often had cardiovascular risk factors com-
pared to participants with recognized MI. Other studies only reported a lower prevalence 
of hypertension19,20 or higher percentage of diabetes mellitus24 in participants with un-
recognized MI compared to participants with recognized MI. In a study only observing 
men, risk factors are similar in participants with unrecognized and recognized MI2. The 
amount of cardiovascular risk factors increases with age and is higher in men compared 
to women25. Because the Lifelines database included a younger population of men and 
women compared to other unrecognized MI studies2,7,11,18,19,24,26-28, the prevalence of 
cardiovascular risk factors is lower. Therefore, Lifelines participants with unrecognized 
MI less often meet the standard ‘risk profile’ of myocardial infarction.

The higher use of cardiovascular medication in individuals with recognized MI can be 
explained by participation in post MI treatment programs. The higher cholesterol levels 
in participants with unrecognized MI compared to those with recognized MI is a result 
of the treatment in the last mentioned group. Between participants with unrecognized 
MI and controls, no differences in cholesterol lowering treatment and values of these 
biomarkers were found.

Correlates of unrecognized MI

Primary prevention of MI, aimed at risk factor management for CVD, is important to 
reduce the burden and mortality of MI. This especially applies to women. Other studies 
reported that correlates of unrecognized MI are similar to the correlates of recognized 
MI25,29. As aforementioned, the Lifelines database included a younger population, 
what could be the explanation for the lower prevalence of cardiovascular risk factors 
in patients with unrecognized MI. The difference in the mortality between participants 
with unrecognized MI and controls stresses the importance of early detection of these 
patients. A study observing an older population (67 years and above), reported no as-
sociation between unrecognized MI and death21. In the Lifelines participants with an 
age older than 65, no association was found as well, emphasizing the mortality risk 
especially in the younger population. A simple tool like the Lifelines questionnaire and 
basic tests could make an important difference which could possible lead to reduced 
mortality in the general population.
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Our study has several limitations. First, the definition of unrecognized MI is based on 
ECG criteria corresponding to MI in combination with a lack of self-reported medical 
history of MI. A bias could have occurred, if participants had misreported their medical 
history or if participants filled out the questionnaires inaccurately. In future research, 
data of participants with MI could be combined with their clinical files, to validate an 
unknown history of MI.

Second, the percentage of unrecognized MI in the Lifelines population can be an 
underestimation of the reality, because of the use of ECG criteria20. Lifelines intends to 
collect ultra-low-dose computed tomography scanning data of approximately 12,000 
participants. Among these participants, unrecognized MI can be diagnosed with more 
certainty.

ConClusIon

The prevalence of unrecognized MI is substantial and classical cardiovascular risk factors 
are less prevalent in participants with unrecognized MI. Nevertheless, unrecognized MI 
is associated with mortality. The physician treating the young patient suspected for un-
recognized MI should be aware of the burden and associated mortality of unrecognized 
MI and therefore use further diagnostics ensuring a final diagnosis.
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supplementary Table 1. Baseline characteristics 

Characteristic unrecognized MI
(n=431)

Control group
(n=857)

P-value

Age (mean±SD) 54.8 (12.9) 54.8 (12.9) 0.809

Female (%) 49.9 (215) 49.6 (425) 0.921

Ethnicity 

 East or West European (%) 97.4 (335) 98.1 (653) 0.493

Anthropometry

 BMI (kg/m2) 27.3 (4.9) 26.7 (4.3) 0.021

 Heart rate (BPM) 72 (13) 70 (11) 0.002

ECG abnormalities 

Conduction disorder (%) 13.9 (60) 14.2 (96) 0.878

Risk factors

 Hypertension (%) 47.3 (204) 40.1 (344) 0.014

 Hypercholesterolemia (%) 25.1 (108)  25.9 (222) 0.743

 Diabetes Mellitus (%) 9.5 (41) 4.2 (36) <0.001

 Kidney disease (%) 5.3 (23) 4.0 (34) 0.260

 Active or former smoker (%) 58.9 (254) 57.4 (492) 0.601

 Family health – CVD (%) 9.7 (42) 8.3 (71) 0.382

 Excessive alcohol use (%) 23.0 (92) 21.6 (169) 0.578

Heart disease

 Heart failure (%) 1.6 (7) 1.3 (11) 0.623

 Atrial fibrillation (%) 1.2 (5) 0.9 (8) 0.701

 History of chest pain (%) 26.9 (116) 22.5 (204) 0.081

CABG or PCI 3.5 (15) 2.7 (23) 0.635

Blood biomarkers 

 HsCRP (mg/L) 1.4 (0.7 – 3.1) 1.2 (0.6 – 2.5) 0.179

 Creatinine (mmol/L) 74 (65 – 84) 76 (67 – 85) 0.128

 eGFR 91.4 (79.8 – 100.9) 89.9 (78.2 – 100.0) 0.183

 Triglycerides (mmol/L) 1.09 (0.79 – 1.56) 1.09 (0.78 – 1.58) 0.686

 Cholesterol (mmol/L) 5.3 (4.5 – 5.9) 5.3 (4.6 – 6.1) 0.405

 HDL (mmol/L) 1.4 (1.2 – 1.7) 1.4 (1.2 – 1.7) 0.088

 LDL (mmol/L) 3.4 (2.7 – 4) 3.4 (2.7 – 4.1) 0.579

 Glucose (mmol/L) 5.1 (4.7 – 5.5) 5.1 (4.7 – 5.4) 0.034

 HbA1c (%) 5.6 (5.4 – 5.9) 5.6 (5.4 – 5.8) 0.166

Pharmacotherapy

 Blood pressure lowering 26.3 (114) 21.5 (184) 0.046

 Cholesterol lowering 24.0 (61) 20.4 (105) 0.245

 Platelet inhibitors 14.2 (36) 9.5 (51) 0.052

Abbreviations: BMI, Body Mass Index; CABG, coronary artery bypass surgery; CVD, cardiovascular disease; 
ECG, electrocardiography; eGFR, estimated Glomerular Filtration Rate; HbA1c, hemoglobin A1c; HDL, high-
density lipoprotein; HsCRP, high sensitive C-Reactive Protein; LDL, low-density lipoprotein; PCI, percutane-
ous coronary intervention.
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aBsTraCT

Background

Complex multimarker approaches to predict outcome after ST-elevation myocardial 
infarction (STEMI) have only considered a single baseline sample, while neglecting easily 
obtainable peak creatine kinase and creatine kinase-MB (CK-MB) values during hospital-
ization.

Methods

We studied 476 patients undergoing primary percutaneous coronary intervention for 
STEMI and cardiac magnetic resonance imaging (CMRI) at 4-6 months after STEMI. We 
determined the association with cardiac biomarkers (peak CK-MB, peak Troponin T, 
N-terminal pro-brain natriuretic peptide), clinical and angiographic characteristics with 
infarct size and LVEF, followed by association with mortality in 1120 STEMI patients.

results

Peak CK-MB was the strongest predictor for infarct size (p<0.001 R²=0.60) and LVEF 
(p<0.001 R²=0.40). The additional value of clinical and angiographic characteristics was 
limited. The optimal peak CK-MB cutpoints, for differentiation among small (<10% of the 
left ventricle), moderate (≥10%–<30%), and large infarct size (≥30%), were respectively 
210 U/L and 380 U/L. These cutpoints were associated with 90-days mortality; the hazard 
ratio for moderate infarct was 2.99 (95% confidence interval [CI]; 1.51-5.93, p=0.002) and 
for large infarct 6.53 (95% CI; 3.63-11.76 p<0.001).

Conclusions

Classical peak CK-MB measured during hospitalization for STEMI was superior to other 
clinical and angiographic characteristics in predicting CMR-defined infarct size and LVEF, 
and should be included and validated in future multimarker studies. Peak CK-MB cut-
points differentiated among infarct size categories and were associated with increased 
90-days mortality risk.
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InTroduCTIon

The last decade, improvement of therapy has resulted in an overall decline of early and 
late mortality from ST-segment elevation myocardial infarction (STEMI) at the cost of an 
increasing number of patients eventually developing heart failure. Due to the ageing 
population and unhealthy lifestyles, the burden of coronary artery disease (CAD) and 
heart failure is anticipated to increase the next decade1.

Early identification of patients at increased risk to develop adverse outcome after 
STEMI is important. Myocardial infarct size and left ventricular ejection fraction (LVEF) 
are both strong and independent predictors of outcome and can be reliably determined 
by cardiac magnetic resonance imaging (CMR)2,3 several months after STEMI4,5. Multiple 
variables during myocardial infarction (MI) hospitalization have been studied as early 
predictors of infarct size and LVEF. These include clinical, biochemical and angiographic 
factors, including Troponin, N-terminal pro brain natriuretic peptide (NT pro-BNP), high 
sensitive C-reactive protein, duration of ischemia, location of STEMI and Myocardial 
Blush Grade (MBG)6-13. Whether these factors have independent value in addition to the 
more classical parameter creatine kinase-MB (CK-MB) to predict CMR-measured infarct 
size and LVEF has not been well-established. Previous CMRI studies were hampered 
by small sample size, investigated only a single or selected number of cardiac specific 
biomarkers, and did not determine optimal cutpoints that might be of value in clinical 
care. In addition, previous (multimarker) outcome studies focused on admission blood 
biomarkers and neglected the values easily obtainable during hospitalization, including 
peak CK-MB or peak Troponin14.

The aim of this study was to determine the value of biochemical, clinical and angio-
graphic characteristics in relation to CMRI-defined infarct size and LVEF at 4 to 6 months 
in STEMI patients treated with primary percutaneous coronary intervention (PCI). We 
determined optimal biomarker cutpoints to differentiate small from large myocardial 
infarction and assessed their association with long-term mortality.

MeTHods

We pooled individual-leveled data of the GIPS-III (Glycometabolic Intervention as Adjunct 
to Primary Percutaneous Coronary Intervention in ST-Segment Elevation Myocardial In-
farction) and PREPARE (The PRoximal Embolic Protection in Acute myocardial infarction 
and Resolution of ST-Elevation) randomized clinical trials, both described thoroughly 
in the Supplementary material. Both studies evaluated LVEF and infarct size within 4 to 
6 months after STEMI by CMR. LVEF was categorized according to current guidelines15. 
Categories moderately and severely abnormal LVEF were taken together because of 
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small group size. Infarct size was categorized in small (<10% of the left ventricle), moder-
ate (≥10%–<30%) and large infarct size (≥30%) as recommended by the guidelines16.

The University Medical Center Groningen (UMCG) STEMI registry was used to investi-
gate association of biomarker cutpoints with long-term mortality. In total 1120 patients 
with STEMI in the period of January 1, 2011 until May 31, 2013, including subjects par-
ticipating in the GIPS-III trial, treated in the UMCG, were included. All patients with STEMI 
underwent diagnostic coronary angiography (CAG) and PCI and were aged 18 years and 
older. Patients were excluded when no significant CAD was found. The medical ethics 
committee of the UMCG approved the study.

statistical analysis

Dichotomous variables are presented as percentages and continuous variables as medi-
ans with the interquartile range (IQR). Uni- and multivariable linear regression analyses 
were performed to determine correlates of infarct size and LVEF at 4 to 6 months and 
baseline variables. Age and sex were forced in all multiple linear regression models. 
Variables with P value ≤ 0.10 in univariable linear regression were included in the mul-
tiple linear regression analyses. Multiple linear regression analyses were performed by 
means of a forward stepwise algorithm (cutoff for entry ≤ 0.10) to identify independent 
predictors of infarct size and LVEF. To validate the consistency, this was repeated with 
a backward stepwise algorithm (cutoff for removal ≤ 0.05), and with the bootstrap 
method as implemented with the swboot command in STATA (StataCorp LP, College 
Station, TX). By bootstrapping, 1000 repetitions were made for model selection, and 
variables were reported when present in the majority of bootstrap attempts (>50%). 
The models were tested for collinearity using the variance inflation factor and the condi-
tion index. Goodness-of-fit of the final linear regression models were assessed with the 
adjusted R2 and the Mallow Cp statistic. The nonparametric Dunn test was performed 
for comparisons between categories of cardiac biomarkers. Optimal cutpoints for car-
diac biomarkers were determined using the Youden index. Time to event analyses were 
performed with Cox regression models adjusted for risk factors available in our dataset 
and referred to in the European Society of Cardiology guidelines: age, sex, previous 
CAD (PCI, coronary artery bypass graft [CABG], and/or MI), and diabetes mellitus (DM)17. 
Model discrimination was tested with Harrell C index. All reported P values are 2-sided. 
A P<0.05 was considered to indicate a significant difference. Analyses were performed 
with STATA/IC version 13.0 (StataCorp).
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resulTs

Baseline characteristics

Baseline characteristics of patients included in the GIPS-III and PREPARE are presented 
in Table 1. The median age was 58 years, and the majority was male. The prevalence of 
smoking, diabetes, history of stroke, diastolic blood pressure, and single vessel disease 
was different between GIPS-III and PREPARE. Peak values of CK-MB were available in all 
patients; peak Troponin T was available in 175 (85%) of patients participating in the PRE-
PARE trial and in all patients of the GIPS-III study. Peak Troponin T, CK-MB and Troponin T 
at admission were higher in the PREPARE than GIPS-III. Infarct-related arteries, TIMI flow 
pre-PCI and MBG were also distributed unevenly. In the UMCG STEMI registry, the major-
ity of the patients was male (72%) and the median age was 62.5 years (IQR 52.9-71.3). 
Median peak CK-MB was 153 U/L (IQR 65-305.5), median peak Troponin T was 2.59 µg/L 
(IQR 0.89-5.82).

Infarct size and lVef

Infarct size, as percentage of left ventricle, was available in 454 patients with a median of 
8.9% (IQR 3.1-15.5) and this was higher in the PREPARE compared to the GIPS-III (median 
7.1% vs. 10.2%, P=0.0003). None of the patients in the GIPS-III trial died during the first 
4 months of follow-up. In total, 7 patients of the PREPARE study died within 120-days of 
follow-up, and therefore CMR was not performed in these patients. LVEF was available 
in 476 patients with a median of 54.2% (IQR 47.0-59.3) and was higher in the GIPS-III 
compared to the PREPARE trial (median 55.4% vs. 52.0%, respectively, P=0.0003). Infarct 
size and LVEF were correlated (r=-0.69, P<0.0001).

univariable linear regression

The univariable regression of infarct size identified several predictors: patient-related 
parameters (heart rate), angiographic-related characteristics (infarct-related artery, TIMI 
flow pre-PCI, TIMI flow post-PCI and MBG) and cardiac biomarkers (CK-MB, CK, NT pro-BNP, 
and Troponin T) (Table 2). The cardiac biomarkers were the strongest predictors for infarct 
size at 4 to 6 months. The same parameters were also predictive for LVEF at 4 to 6 months.

Multivariable linear regression

The stepwise backward multiple linear regression model of infarct size identified peak 
CK-MB, peak Troponin T, MBG 1, TIMI 1 flow pre-PCI, and culprit vessel RCA as predic-
tors (R²=0.66, P≤0.017; Table 3). The forward model was identical. The bootstrap model, 
including variables present >50% of the time, also identified the same variables. The 
stepwise backward and forward models for LVEF identified peak CK-MB, NT pro-BNP, 
MBG, and culprit vessel RCA (R²=0.46, P≤0.049) as predictors. The bootstrap model for 
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Table 1. Baseline characteristics GIPS-III & PREPARE

factor gIPs-III (n = 271)
Median (IQr) / n (%)

PrePare (n = 205)
Median (IQr) / n (%)

Age, years 58 (49-65) 58 (50-66)

Male 213 (79) 172 (84)

Body Mass Index (kg/m²) 26.5 (24.3-29.3) 26.5 (24.3-28.6)

Ethnicity (Caucasian, Asian, Black) 240 (95), 10 (4), 4 (2) 0

Hypertension 71 (28) 43 (21)

Diabetes 0 14 (7)

Active smoker at randomisation 129 (51) 127 (62)*

Stroke 1 (0) 5 (2)*

Previous PCI 3 (1) 8 (4)

Blood pressure (mmHg) (systolic, diastolic) 132 (119-146), 84 (74-95) 130 (114-153), 77* (68;88)

Heart rate (beats/min) 75 (64-84) 70 (60-86)

Ischemia time (min) 161 (107-242) 158 (127-219)

Single vessel disease 195 (72) 141 (69)*

Infarct-related artery – left main 0 0*

LAD 111 (41) 64 (31)

LCX 46 (17) 22 (11)

RCA 114 (42) 119 (58)

TIMI flow pre-PCI

0 145 (57) 190 (93)* 

1 19 (8) 12 (6)

2 44 (17) 3 (1)

3 46 (18) 0

TIMI flow post-PCI

0 0 1 (0) 

2 16 (6) 16 (8)

3 238 (94) 188 (92)

Myocardial blush grade

0 5 (2) 4 (2)* 

1 17 (7) 46 (23)

2 53 (21) 89 (45)

3 177 (70) 57 (29)

CK-MB (U/L) 17 (13-25) 5 (3.5-9)*

Troponin T (µg/L) 0.05 (0.02-0.15) 0 (0-0.07)* 

NT pro-BNP (ng/L) 81 (38-200) 84 (14-245)

HsCRP (mg/L) 1.8 (0.9-3.8) 2.2 (1.2-4.5)

eGFR (mL/min) 96 (86-103) 93 (80-103)

Peak CK-MB (U/L) 163 (76-328) 180 (108-325)

Peak Troponin T (µg/L) 2.99 (1.27-6.37) 3.64 (1.35-7.91)*
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LVEF also identified the same variables, except peak Troponin T was more frequently 
selected than MBG. Significant interactions (P≤0.05) existed between age, gender and 
cardiac biomarkers peak Troponin T and peak CK-MB, but including them in the models 
did not improve the model fit.

Categories of infarct size and lVef and optimal biomarker cutpoints

Categories of infarct size, as assessed by CMR, strongly related to cardiac biomarkers 
(Supplementary Figure 1A). Median peak CK-MB was 105 U/L (IQR 50-160) in small infarct 
size, 316 U/L (IQR 222-473) in moderate infarct size, and 578 U/L (IQR 436-768) in large 
infarct size (P<0.01 for all comparisons). Median peak Troponin T was 1.79 µg/L (IQR 
0.63-2.94) in small infarct size, 6.47 µg/L (IQR 3.93-8.93) in moderate infarct size, and 11 
µg/L (IQR 7.95-18.81) in large infarct size (P=0.11 for moderate vs. large comparison and 
P<0.001 for remaining comparisons). In logistic regression analysis, the predictive value 
to discriminate between infarct size categories using the multiple regression model 
for infarct size, peak CK-MB, peak Troponin T, or LVEF was assessed. The models were 
significantly different in their predictive ability (Supplementary Figure 2A-D, P ≤0.001). 
The area under the curves (AUCs) of the multiple regression model for infarct size and 
peak CK-MB were high (0.82-0.95). When differentiating between moderate and large 
infarct size, the AUC of the multiple regression model was the highest (0.95) compared 
to AUCs of 0.82 for peak CK-MB, 0.78 for peak Troponin T and 0.89 for LVEF.

LVEF was categorized and related to cardiac biomarkers (Supplementary Figure 1B). 
Comparisons between mildly (n=142) or moderately abnormal (n=51) vs. severely 
abnormal LVEF (n=11) were not significant. After taking into account group size the 
categories moderately and severely abnormal LVEF were merged (P<0.001 for all com-
parisons). Median peak CK-MB was 131 U/L (IQR 56-196) in normal LVEF, 276 U/L (IQR 
160-418) in mildly abnormal LVEF, and 499 U/L (IQR 345-666) in moderately to severely 
abnormal LVEF. Median peak Troponin T was 2.07 µg/L (IQR 0.98-3.81) in normal LVEF, 
5.18 µg/L (IQR 2.47-8.26) in mildly abnormal LVEF, and 9.67 µg/L (IQR 6.54-14.80) in mod-
erately to severely abnormal LVEF. In logistic regression analysis, the predictive value 
to discriminate between LVEF categories using the multiple regression model for LVEF, 
peak CK-MB and peak Troponin T were assessed. AUCs for LVEF categories were overall 
lower than reported for infarct size categories (Supplementary Figure 2A-D).

Table 1. Legenda
Abbreviations: CK-MB, creatine kinase-MB; eGFR, estimated glomerular filtration rate; GIPS-III, Glycometa-
bolic Intervention as Adjunct to Primary Percutaneous Coronary Intervention in ST-Segment Elevation 
Myocardial Infarction; HsCRP, high-sensitivity C-reactive protein; IQR, interquartile range; LAD, left anterior 
descending artery; LCX, left circumflex artery; NT pro-BNP, N-terminal pro-brain natriuretic peptide; PCI, per-
cutaneous coronary intervention; PREPARE, The PRoximal Embolic Protection in Acute myocardial infarction 
and Resolution of ST-Elevation; RCA, right coronary artery; TIMI, Thrombolysis in Myocardial Infarction.
*P ≤0.05 between GIPS-III and PREPARE.
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Table 2. Univariable regression analyses – data of GIPS-III & PREPARE 

factor Infarct size lVef

P-value std. β, se r² P-value std. β, se r²

Age 0.41 0.61

Sex 0.98 0.20

Body Mass Index (kg/m²) 0.06 -0.09, 0.13 0.01 0.12

Ethnicity 0.23 0.80

Hypertension 0.27 0.13

Diabetes 1.00 0.19

Active smoker at randomisation 0.22 0.92

Stroke 0.76 0.10

Previous PCI 0.72 0.54

Systolic 0.61 0.90

Diastolic 0.45 0.36

Heart rate (beats/min) 0.002 0.14, 0.02 0.02 0.002 -0.14, 0.02 0.02

Ischemia time (min) 0.73 0.07 -0.08, 0.003 0.01

Single vessel disease 0.16 0.51

Infarct-related artery <0.001 0.11 <0.001 0.08

LCX 0.131 -0.07, 1.27 0.34 0.05, 1.30

RCA <0.001 -0.35, 0.90 <0.001 0.30, 0.90

TIMI flow pre-PCI <0.001 0.06 <0.001 0.03

TIMI 1 0.77 0.02, 0.98 0.16 -0.07, 0.99

TIMI 2 0.03 -0.11, 1.41 0.13 0.07, 1.43

TIMI 3 <0.001 -0.22, 1.49 0.009 0.13, 1.49

TIMI flow post-PCI 0.006 0.02 0.002 0.03

TIMI 2 0.50 0.17, 9.29 0.11 -0.41, 9.49

TIMI 3 0.92 0.03, 9.16 0.33 -0.25, 9.36

Myocardial blush grade <0.001 0.09 <0.001 0.09

MBG 1 0.75 0.04, 3.13 0.67 -0.05, 3.19

MBG 2 0.12 -0.24, 3.03 0.18 0.20, 3.08

MBG 3 0.022 -0.37, 2.99 0.03 0.36, 3.05

CK-MB (U/L) <0.001 0.18, 0.01 0.03 0.002 -0.14, 0.01 0.02

Troponin T (µg/L) 0.42 0.80

NT pro-BNP (1000 ng/L) <0.001 0.24, 0.001 0.06 <0.001 -0.26, 0.001 0.07

eGFR (mL/min) 0.42 0.54

Peak CK-MB (100 U/L) <0.001 0.77, 0.001 0.60 <0.001 -0.63, 0.002 0.40

Peak Troponin T (µg/L) <0.001 0.67, 0.060 0.44 <0.001 -0.56, 0.07 0.32

Abbreviations: std. β, standardized beta; CK-MB, creatine kinase-MB; eGFR, estimated glomerular filtration 
rate; GIPS-III, Glycometabolic Intervention as Adjunct to Primary Percutaneous Coronary Intervention in 
ST-Segment Elevation Myocardial Infarction; IQR, interquartile range; LCX, left circumflex artery; LVEF, left 
ventricular ejection fraction; MBG, myocardial blush grade; NT pro-BNP, N-terminal pro-brain natriuretic 
peptide; PCI, percutaneous coronary intervention; PREPARE, The PRoximal Embolic Protection in Acute 
myocardial infarction and Resolution of ST-Elevation; RCA, right coronary artery; SE, standard error; TIMI, 
Thrombolysis in Myocardial Infarction.
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For peak CK-MB, the strongest univariate predictor of both infarct size and LVEF, the 
optimal cutpoint for differentiation between small vs. moderate infarct was 210 U/L 
(sensitivity 0.79 and specificity 0.88). For moderate vs. large infarct the cutpoint was 380 
U/L (sensitivity 0.90, specificity 0.65). The optimal cutpoint for differentiation between 
normal vs. mildly abnormal LVEF was 200 U/L (sensitivity 0.68, specificity 0.77). For 
mildly abnormal vs. moderately to severely abnormal LVEF the cutpoint was 361 U/L 
(sensitivity 0.74, specificity 0.70).

Peak Ck-MB and its association with mortality

In the UMCG STEMI registry (n=1,120) 90-days mortality was related to categories of 
predicted infarct size based on the defined two cutpoints of peak CK-MB. The hazard ra-
tio (HR) was 2.99 (95% confidence interval [CI]: 1.51-5.93) for category moderate infarct 
size and 6.53 (95% CI: 3.63-11.76) for category large infarct size P<0.01, Figure 1). After 
adjustment for age, sex, previous CAD (including history of PCI, CABG or MI), and DM, 
the corresponding HR’s remained similar (Harrell C index 0.78, Table 4). After stepwise 
backward multivariable Cox regression including variables from the infarct size linear 
regression model, only peak CK-MB was a significant predictor of 90-days mortality. 
From the variables of the LVEF linear regression model only peak CK-MB and NT pro-BNP 
predicted 90-days mortality (peak CK-MB per 100 U/L: adjusted HR 1.24 (95% CI: CI 1.19-
1.29), P<0.001, NT pro-BNP per 1000 U/L: adjusted HR 1.01 (95% CI: 1.00-1.02), P=0.007, 
Harrell C index 0.80).

figure 1. Peak CK-MB categorization based on predicted small vs. moderate vs. large infarct size with 90-
days all-cause mortality and hazard ratios (N=1120).
Abbreviations: CI, confidence interval; CK-MB, creatine kinase-MB.
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dIsCussIon

We studied the contemporary value of cardiac biomarkers available during hospitaliza-
tion and their optimal cutpoints to predict myocardial infarct size, LVEF and mortality in 
STEMI patients. We demonstrated that peak CK-MB is the strongest predictor of infarct 
size, LVEF and mortality and superior to clinical and angiographic characteristics. The 
optimal CK-MB cutpoints to discern between small, moderate and large infarct as mea-
sured by CMR were defined, and these strongly predicted mortality.

Table 3. Multivariable regression models for infarct size and LVEF – data of GIPS-III & PREPARE 

Infarct size - r²=0.66 Coef.  std. err. t P-value std. β

Peak CK-MB (100 U/L) 2.81 0.22 13.05 <0.001 0.63

Peak Troponin T (µg/L) 0.25 0.08 3.04 0.003 0.15

MBG 1 3.00 0.81 3.71 <0.001 0.11

TIMI 1 pre-PCI 1.55 0.57 2.72 0.007 0.08

RCA -1.37 0.57 -2.40 0.017 -0.07

lVef - r²=0.46 Coef.  std. err. t P-value std. β

Peak CK-MB (100 U/L) -2.58 0.17 -15.49 <0.001 -0.58

NT pro-BNP (1000 ng/L) -1.64 0.66 -2.49 0.013 -0.09

MBG 1 -4.29 1.02 -4.21 <0.001 -0.16

MBG 2 -1.48 0.75 -1.97 0.049 -0.07

RCA 1.68 0.70 2.41 0.016 0.09

Abbreviations: CK-MB, creatine kinase-MB; Coef., coefficient; GIPS-III, Glycometabolic Intervention as Ad-
junct to Primary Percutaneous Coronary Intervention in ST-Segment Elevation Myocardial Infarction; LVEF, 
left ventricular ejection fract ion; MBG, myocardial blush grade; NT pro-BNP, N-terminal pro-brain natriuret-
ic peptide; PCI, percutaneous coronary intervention; PREPARE, The PRoximal Embolic Protection in Acute 
myocardial infarction and Resolution o f ST-Elevation; RCA, right coronary artery; SE, standard error; std. β, 
standardized beta; t, t statistic; TIMI, Thrombolysis in Myocardial Infarction.

Table 4. Peak CK-MB and NT pro-BNP predicting 90-days mortality in UMCG STEMI registry

factor Hazard ratio P-value Confidence interval

Peak CK-MB ≥210 and <380 U/L 3.39 0.001 1.69-6.80

Peak CK-MB >380 U/L 7.47 <0.001 4.05-13.78

Age per year 1.04 <0.001 1.02-1.06

Female 0.64 0.16 0.34-1.19

Previous CAD 2.38 0.003 1.34-4.21

Diabetes 1.10 0.768 0.59-2.05

Abbreviations: CK-MB, creatine kinase-MB; CAD, coronary artery disease; NT pro-BNP, N-terminal pro-brain 
natriuretic peptide; STEMI, ST-segment elevation myocardial infarction; UMCG, University Medical Centre 
Groningen.
*Previous CAD included history of PCI, CABG, and/or MI.
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Recently several publications have reported the importance of a multimarker ap-
proach to predict long-term outcome in patients presenting with STEMI10,14,18,19. Interest-
ingly, many of these studies only considered available biomarkers derived from blood 
obtained at admission, and focused on the long-term instead of short-term outcome. 
A major limitation of these studies is therefore the ignorance of easily available short-
term data hours after hospital admission, including CK-MB measurements. Several ear-
lier CMR studies have investigated biomarkers for infarct size and LVEF in smaller sized 
population (Supplementary Table 1). Overall, cardiac biomarkers CK, CK-MB, Troponin I 
and Troponin T correlated strongly with infarct size and less with LVEF. Peak CK-MB levels 
was reported to be the superior predictor of histological infarct size in a postmortem 
study20. AUC levels were not complete for both cohorts, and the GIPS-III trial peak CK-MB 
was superior to CK-MB AUC. In contrast, some studies found that the AUC is superior to 
peak values for predicting infarct size and LVEF. This is likely due to differences in sample 
size and availability of data to calculate AUC accurately in all patients.

Comprehensive multiple regression analyses to predict infarct size and LVEF have 
been performed earlier in various small scale studies. Peak CK-MB was also reported as 
the strongest predictor of infarct size at 30 days in a substudy of the INFUSE-AMI (In-
tracoronary Abciximab Infusion and Aspiration Thrombectomy in Patients Undergoing 
Percutaneous Coronary Intervention for Anterior ST Segment Elevation Myocardial In-
farction) trial, including anterior STEMI patients undergoing PCI21. In this study multiple 
regression analysis peak CK-MB, final MBG 0 or 1, and age were independent predictors 
of LVEF. In a similar substudy of the same trial high leukocyte count at presentation, 
together with age, total abnormal wall motion score, time from symptom onset to first 
device, proximal left anterior descending location and poor TIMI flow at baseline have 
also been reported as independent predictors of infarct size22. In the INFUSE-AMI sub-
studies, R² of the multivariable models have not been reported, and direct comparison 
of the explained variance with the current study is therefore not possible. In a different 
study, the most important predictors of LVEF at 3 months were NT pro-BNP, microvas-
cular obstruction and CMR-defined infarct size at baseline23. However, this study did 
not include other cardiac biomarkers, such as Troponin or CK-MB, into their statistical 
models.

To our knowledge, cutpoints of peak CK-MB have not been investigated previously. In 
our study, peak CK-MB appeared a stronger predictor for infarct size than for LVEF. These 
cutpoints were clinically relevant as indicated by its strong association with 90-days 
mortality. In a recent study, including a large pooled group of STEMI patients, CK-MB 
levels were also independently associated with 3- and 6-months mortality24. The cur-
rently presented cutpoints might provide an easy tool for risk stratification in the early 
phase after STEMI, and should be considered in future multimarker studies and might 
provide further guidance for treatment.
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In our study and previous studies, correlations with biomarkers and CMR infarct size 
appear to be stronger than with LVEF. This might be explained by considerable interin-
dividual variation of LVEF in the general population. NT pro-BNP measured at admission 
was present in the LVEF multiple regression model only, and together with peak CK-MB 
it was associated with 90-days mortality. NT pro-BNP might reflect a preexistent cardiac 
condition not related to the infarct event, and therefore possibly provides additional 
information on outcome.

ConClusIon

This study demonstrated the strength of peak CK-MB in the prediction of infarct size and 
LVEF after STEMI. When considering peak CK-MB obtained during hospitalization, the 
additional value of other biomarkers and more complex multiple regression models was 
remarkably limited. We provided peak CK-MB cutpoints that are associated with infarct 
size categories and mortality. Further studies are needed to validate our cutpoints to 
predict clinical outcome and guide therapy.

aCknowledgeMenTs

The authors thank the GIPS-III and the PREPARE study groups for providing access to 
data to perform the current analyses.

CoMPeTIng InTeresTs

The authors have no potential conflicts of interest.



Peak CK-MB predicting infarct size, LVEF and mortality 63

referenCes

 1. McMurray JJ, Adamopoulos S, Anker SD, et al. ESC guidelines for the diagnosis and treatment of 
acute and chronic heart failure 2012: The task force for the diagnosis and treatment of acute and 
chronic heart failure 2012 of the european society of cardiology. developed in collaboration with 
the heart failure association (HFA) of the ESC. Eur J Heart Fail. 2012;14(8):803-869.

 2. Mahrholdt H, Wagner A, Holly TA, et al. Reproducibility of chronic infarct size measurement by 
contrast-enhanced magnetic resonance imaging. Circulation. 2002;106(18):2322-2327.

 3. American College of Cardiology Foundation Task Force on Expert Consensus Documents, Hund-
ley WG, Bluemke DA, et al. ACCF/ACR/AHA/NASCI/SCMR 2010 expert consensus document on 
cardiovascular magnetic resonance: A report of the american college of cardiology foundation 
task force on expert consensus documents. J Am Coll Cardiol. 2010;55(23):2614-2662.

 4. Lonborg J, Vejlstrup N, Kelbaek H, et al. Final infarct size measured by cardiovascular magnetic 
resonance in patients with ST elevation myocardial infarction predicts long-term clinical out-
come: An observational study. Eur Heart J Cardiovasc Imaging. 2013;14(4):387-395.

 5. Roes SD, Kelle S, Kaandorp TA, et al. Comparison of myocardial infarct size assessed with contrast-
enhanced magnetic resonance imaging and left ventricular function and volumes to predict 
mortality in patients with healed myocardial infarction. Am J Cardiol. 2007;100(6):930-936.

 6. Norris RM, Whitlock RM, Barratt-Boyes C, Small CW. Clinical measurement of myocardial infarct 
size. modification of a method for the estimation of total creatine phosphokinase release after 
myocardial infarction. Circulation. 1975;51(4):614-620.

 7. Mayr A, Mair J, Klug G, et al. Cardiac troponin T and creatine kinase predict mid-term infarct size 
and left ventricular function after acute myocardial infarction: A cardiac MR study. J Magn Reson 
Imaging. 2011;33(4):847-854.

 8. Mayr A, Mair J, Schocke M, et al. Predictive value of NT-pro BNP after acute myocardial infarction: 
Relation with acute and chronic infarct size and myocardial function. Int J Cardiol. 2011;147(1):118-
123.

 9. Mather AN, Fairbairn TA, Artis NJ, Greenwood JP, Plein S. Relationship of cardiac biomarkers and 
reversible and irreversible myocardial injury following acute myocardial infarction as determined 
by cardiovascular magnetic resonance. Int J Cardiol. 2013;166(2):458-464.

 10. Damman P, Kuijt WJ, Woudstra P, et al. Multiple biomarkers at admission are associated with an-
giographic, electrocardiographic, and imaging cardiovascular mechanistic markers of outcomes 
in patients undergoing primary percutaneous coronary intervention for acute ST-elevation 
myocardial infarction. Am Heart J. 2012;163(5):783-789.

 11. Husser O, Bodi V, Sanchis J, et al. White blood cell subtypes after STEMI: Temporal evolution, as-
sociation with cardiovascular magnetic resonance--derived infarct size and impact on outcome. 
Inflammation. 2011;34(2):73-84.

 12. De Luca G, Parodi G, Sciagra R, et al. Relation of gender to infarct size in patients with ST-segment 
elevation myocardial infarction undergoing primary angioplasty. Am J Cardiol. 2013;111(7):936-
940.

 13. De Luca G, Parodi G, Sciagra R, et al. Preprocedural TIMI flow and infarct size in STEMI undergoing 
primary angioplasty. J Thromb Thrombolysis. 2014;38(1):81-86.

 14. Damman P, Beijk MA, Kuijt WJ, et al. Multiple biomarkers at admission significantly improve the 
prediction of mortality in patients undergoing primary percutaneous coronary intervention for 
acute ST-segment elevation myocardial infarction. J Am Coll Cardiol. 2011;57(1):29-36.



64 Chapter 4

 15. Lang RM, Badano LP, Mor-Avi V, et al. Recommendations for cardiac chamber quantification by 
echocardiography in adults: An update from the american society of echocardiography and the 
european association of cardiovascular imaging. J Am Soc Echocardiogr. 2015;28(1):1-39.e14.

 16. Thygesen K, Alpert JS, White HD, et al. Universal definition of myocardial infarction. Circulation. 
2007;116(22):2634-2653.

 17. Task Force on the management of ST-segment elevation acute myocardial infarction of the 
European Society of Cardiology (ESC), Steg PG, James SK, et al. ESC guidelines for the manage-
ment of acute myocardial infarction in patients presenting with ST-segment elevation. Eur Heart 
J. 2012;33(20):2569-2619.

 18. Westerhout CM, Fu Y, Lauer MS, et al. Short- and long-term risk stratification in acute coronary 
syndromes: The added value of quantitative ST-segment depression and multiple biomarkers. J 
Am Coll Cardiol. 2006;48(5):939-947.

 19. Garcia-Paredes T, Aguilar-Alonso E, Arboleda-Sanchez JA, et al. Evaluation of prognostic scale 
thrombolysis in myocardial infarction and killip. an ST-elevation myocardial infarction new scale. 
Am J Emerg Med. 2014;32(11):1364-1369.

 20. Costa TN, Cassaro Strunz CM, Nicolau JC, Gutierrez PS. Comparison of MB fraction of creatine 
kinase mass and troponin I serum levels with necropsy findings in acute myocardial infarction. 
Am J Cardiol. 2008;101(3):311-314.

 21. Dohi T, Maehara A, Brener SJ, et al. Utility of peak creatine kinase-MB measurements in predicting 
myocardial infarct size, left ventricular dysfunction, and outcome after first anterior wall acute 
myocardial infarction (from the INFUSE-AMI trial). Am J Cardiol. 2014.

 22. Palmerini T, Brener SJ, Genereux P, et al. Relation between white blood cell count and final infarct 
size in patients with ST-segment elevation acute myocardial infarction undergoing primary 
percutaneous coronary intervention (from the INFUSE AMI trial). Am J Cardiol. 2013;112(12):1860-
1866.

 23. Ezekowitz JA, Armstrong PW, Granger CB, et al. Predicting chronic left ventricular dysfunction 90 
days after ST-segment elevation myocardial infarction: An assessment of pexelizumab in acute 
myocardial infarction (APEX-AMI) substudy. Am Heart J. 2010;160(2):272-278.

 24. Bagai A, Schulte PJ, Granger CB, et al. Prognostic implications of creatine kinase-MB measure-
ments in ST-segment elevation myocardial infarction patients treated with primary percutaneous 
coronary intervention. Am Heart J. 2014;168(4):503-511.e2.



Peak CK-MB predicting infarct size, LVEF and mortality 65

suPPleMenTarY MaTerIal

Methods

gIPs-III trial
The GIPS-III is a single center randomized clinical trial (RCT) evaluating the effect of 
metformin on LVEF in patients presenting with STEMI and treated with primary PCI. The 
GIPS-III recruited patients between January 1, 2011 and May 26, 2013 in the University 
Medical Center Groningen, The Netherlands. The design of the study has been previously 
described in detail1. All included patients provided written informed consent and the trial 
was registered at clinicaltrials.gov (NCT01217307). Blood samples for analysis of myocar-
dial injury were drawn according to a standardized protocol during the PCI procedure, and 
at 3, 6, 9, 12, 18, 24, 36, 48 and 72 hours after PCI including enzyme release of CK-MB and 
Troponin T2. Additional laboratory measures collected included NT pro-BNP, HsCRP, and 
creatinine at admission. Estimated glomerular filtration rate (eGFR) was determined by the 
CKD-EPI formula3. Infarct size and LVEF were measured by CMR 4 months after STEMI, as 
described previously2,4. CMR Imaging was performed on a 3.0 Tesla whole-body Magnetic 
Resonance imaging scanner (Achieva; Philips, Best, The Netherlands) using a phased array 
cardiac receiver coil. LV mass and infarct area were analyzed on the delayed enhance-
ment CMR images. Infarct size was defined as percentage of total left ventricular mass. 
An independent core laboratory (Image Analysis Center, VU University Medical Center, 
Amsterdam, the Netherlands) evaluated the CMR scans and assessed the primary efficacy 
measure, blinded for treatment allocation and clinical patient data. The primary endpoint 
LVEF did not differ between Metformin and placebo treated patients.

PrePare study
The PREPARE study cohort was a multicenter RCT in STEMI patients undergoing primary 
PCI to evaluate the effect of combined proximal embolic protection with thrombus 
aspiration vs. standard care5. Inclusion criteria included TIMI flow grade 0 to 1 pre-PCI. 
PCI procedure characteristics including TIMI flow and MBG were assessed by 2 blinded 
experienced investigators, as described previously6. All patients provided written in-
formed consent and the trial was registered in the ISRCTN registry (ISRCTN71104460). 
Laboratory measures CK-MB and Troponin T were collected at admission, and after 5, 
7, 10, 12, 18, and 24 hours. Additional laboratory measures included CRP, NT pro-BNP, 
and creatinine at admission; eGFR was estimated by the CKD-EPI formula. Infarct size 
and LVEF were measured by CMR 4-6 months after STEMI, as described previously5. 
In short, imaging was performed on a 1.5 Tesla Magnetic Resonance imaging scanner 
(Sonato/Avanto, Siemens, Erlangen, Germany) using a phased array cardiac receiver 
coil. Final infarct size was determined by late gadolinium enhancement, with automatic 
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calculation of total slice volumes with hyperenhancement. Infarct size was defined as 
the percentage of total left ventricular mass. One experienced investigator blinded to 
patient data analyzed all data. Mean LVEF and infarct size did not differ between the 
two groups. The primary endpoint, occurrence of complete ST-segment resolution, was 
not different between patients treated with PCI alone or patients receiving additional 
proximal embolic protection and thrombus aspiration. 

supplementary Table

A systematic literature search was performed on 22nd March 2015 of PubMed with lan-
guage restriction English for studies using the following keywords: “troponin”, “biomarker”, 
“creatine kinase”, “MRI”, “magnetic”, “myocardial infarction”, “STEMI” and “infarct size”. After 
screening of 530 hits, 46 articles were identified eligible for further review. Studies that 
met the following criteria were included: a study population with STEMI patients receiving 
PCI, a prospective or retrospective CMR study and focus on predictive value of biomarkers.

funding sources

The GIPS-III RCT was supported by grant number 95103007, from ZonMw, the Nether-
lands Organization for Health Research and Development, The Hague, the Netherlands. 
The PREPARE trial was supported by the University of Amsterdam and with grants from 
St Jude Medical.

supplementary figure 1. 
Data is presented as median with IQR and adjacent lines are at 1.5*IQR below the 25th percentile and above 
the 75th percentile.
A. Combined data of GIPS-III & PREPARE: median peak CK-MB and peak Troponin T levels in different cat-
egories of infarct size as assessed by CMR. Measures of peak CK-MB and infarct size were available in n=454; 
peak Troponin T in n=425. P≤0.0057 for all comparisons of peak CK-MB. P=0.11 for moderate vs. large com-
parison and p<0.0001 for remaining comparisons of peak Toponin T.
B. Combined data of GIPS-III & PREPARE: median peak CK-MB and peak Troponin T levels in different cat-
egories of LVEF as assessed by CMR. Measures of peak CK-MB and LVEF were available in n=476; for peak 
Troponin T n=446. P≤0.0006 for all comparisons of peak CK-MB and peak Troponin T.
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supplementary figure 2. 
A. Combined data of GIPS-III & PREPARE: ROC curves of the multiple regression model, peak CK-MB, peak 
Troponin T and LVEF for prediction of small vs. moderate infarct size (N=397, p<0.0001). The multiple re-
gression model includes peak CK-MB, peak Troponin T, MBG1, TIMI 1 pre-PCI and RCA. 
B. ROC curves of the multiple regression model, peak CK-MB, peak Troponin T and LVEF for prediction of 
moderate vs. large infarct size (N=186, p=0.0001).
C. ROC curves of the multiple regression model, peak CK-MB, peak Troponin T for prediction of normal vs. 
mildly abnormal LVEF (N=380, p=0.0133). The multiple regression model includes peak CK-MB, NT pro-BNP, 
MBG1, MBG2, and RCA. 
D. ROC curves of the multiple regression model, peak CK-MB, peak Troponin T for prediction of mildly ab-
normal vs. moderately to severely abnormal LVEF (N=182, p=0.0238). 
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supplementary Table 1. Literature overview of uni- and multivariable predictors for infarct size and LVEF 

author, year n
CMr time, 
measure

univariable 
predictor

Is  
r

lVef  
r

Multivariable model

Dohi T, 20151 258 30d IS %, LVEF
peak CK-MB
peak CK

0.67
0.52

-0.56
-0.43

LVEF: peak CK-MB, MBG 
0-1, age

Rakowski T, 20142 68 6m IS %, LVEF
AUC CK-MB 
peak CK-MB

0.72 
0.75

-0.54 
-0.53

–

Damman P, 20123 197 4-6m IS g, LVEF – – –
LVEF: eGFR, glucose, NT 
pro-BNP

Mather AN, 20134 48 3m IS %, LVEF
day 2 cTnI
day 2 HsCRP

0.75
0.41

-0.56
-0.57

LVEF: day 2 HsCRP
IS: day 2 cTnI

Mayr A, 20115 80 4m IS g, LVEF

peak CK
24h CK
peak cTnT
48h cTnT
96h cTnT

0.79  
0.71
0.72
0.75

-0.60
-0.57
-0.59

-0.60

–

Klug G, 20116 103 8d IS g, LVEF

peak cTnT
AUC cTnT
96h cTnT 
peak CK 
AUC CK

0.65
0.69 
0.68
0.70
0.61

-0.50

-0.56
-0.51

–

Hallén J, 20107 132 4m LVEF 
24h cTnI 
48h cTnI

–
-0.62
-0.49

–

Ezekowitz JA, 20108 64 90d LVEF 24h NT pro-BNP – -0.38
LVEF: 24h NT pro-BNP, 
MVO, IS

Di Chiara A, 20109 60 4d IS ml

peak cTnI
AUC cTnI
72/96h cTnI 
peak CK-MB
AUC CK-MB

0.76
0.82
0.84
0.65
0.68

– –

Hallén J, 200910 141 4m IS %
24h cTnI 
48h cTnI 

0.63
0.65 

–
IS: 48h cTnI, non-
anterior location

Mayr A, 201111 49 4m IS %, LVEF 66h NT pro-BNP 0.64 -0.55 –

Bruder O, 201012 41 50h IS %, LVEF 40h NT pro-BNP 0.74 -0.47 –

Bøhmer E, 200913 103 3m IS %, LVEF day 3 cTnT 0.84 -0.63 –

Giannitsis E, 200814 31 4d IS g
peak cTnT
AUC cTnT
day 4 cTnT

0.65
0.76
0.75 

– –

Hedström E, 200715 38 1wk IS ml

peak CK-MB
AUC CK-MB 
peak cTnT
AUC cTnT

0.82
0.85
0.80
0.83

– –

Haase J, 200416 45 4-10d IS % peak CK 0.77 – –

Abbreviations: IS, infarct size; LVEF, left ventricular ejection fraction; h, hours; d, days; wk, weeks; m, months; 
AUC, area under the curve; MBG, myocardial blush grade; TIMI, Thrombolysis in Myocardial Infarction; CK, 
creatine kinase; cTnT, cardiac Troponin T; cTnI, cardiac Troponin I; NT pro-BNP, N-terminal pro brain natri-
uretic peptide; eGFR, estimated glomerular filtration rate; MVO, microvascular obstruction.



Peak CK-MB predicting infarct size, LVEF and mortality 69

suPPleMenTarY referenCes

 1. Dohi T, Maehara A, Brener SJ, et al. Utility of peak creatine kinase-MB measurements in predicting 
myocardial infarct size, left ventricular dysfunction, and outcome after first anterior wall acute 
myocardial infarction (from the INFUSE-AMI trial). Am J Cardiol. 2014.

 2. Rakowski T, Dziewierz A, Legutko J, et al. Creatine kinase-MB assessed in patients with acute 
myocardial infarction correlates with cardiac magnetic resonance infarct size at 6-month follow 
up. Hellenic J Cardiol. 2014;55(1):4-8.

 3. Damman P, Kuijt WJ, Woudstra P, et al. Multiple biomarkers at admission are associated with an-
giographic, electrocardiographic, and imaging cardiovascular mechanistic markers of outcomes 
in patients undergoing primary percutaneous coronary intervention for acute ST-elevation 
myocardial infarction. Am Heart J. 2012;163(5):783-789.

 4. Mather AN, Fairbairn TA, Artis NJ, Greenwood JP, Plein S. Relationship of cardiac biomarkers and 
reversible and irreversible myocardial injury following acute myocardial infarction as determined 
by cardiovascular magnetic resonance. Int J Cardiol. 2013;166(2):458-464.

 5. Mayr A, Mair J, Klug G, et al. Cardiac troponin T and creatine kinase predict mid-term infarct size 
and left ventricular function after acute myocardial infarction: A cardiac MR study. J Magn Reson 
Imaging. 2011;33(4):847-854.

 6. Klug G, Mayr A, Mair J, et al. Role of biomarkers in assessment of early infarct size after successful 
p-PCI for STEMI. Clin Res Cardiol. 2011;100(6):501-510.

 7. Hallen J, Jensen JK, Fagerland MW, Jaffe AS, Atar D. Cardiac troponin I for the prediction of 
functional recovery and left ventricular remodelling following primary percutaneous coronary 
intervention for ST-elevation myocardial infarction. Heart. 2010;96(23):1892-1897.

 8. Ezekowitz JA, Armstrong PW, Granger CB, et al. Predicting chronic left ventricular dysfunction 90 
days after ST-segment elevation myocardial infarction: An assessment of pexelizumab in acute 
myocardial infarction (APEX-AMI) substudy. Am Heart J. 2010;160(2):272-278.

 9. Di Chiara A, Dall’Armellina E, Badano LP, Meduri S, Pezzutto N, Fioretti PM. Predictive value of cardiac 
troponin-I compared to creatine kinase-myocardial band for the assessment of infarct size as mea-
sured by cardiac magnetic resonance. J Cardiovasc Med (Hagerstown). 2010;11(8):587-592.

 10. Hallen J, Buser P, Schwitter J, et al. Relation of cardiac troponin I measurements at 24 and 48 
hours to magnetic resonance-determined infarct size in patients with ST-elevation myocardial 
infarction. Am J Cardiol. 2009;104(11):1472-1477.

 11. Mayr A, Mair J, Schocke M, et al. Predictive value of NT-pro BNP after acute myocardial infarction: Rela-
tion with acute and chronic infarct size and myocardial function. Int J Cardiol. 2011;147(1):118-123.

 12. Bruder O, Jensen C, Jochims M, et al. Relation of B-type natriuretic peptide (BNP) and infarct size 
as assessed by contrast-enhanced MRI. Int J Cardiol. 2010;144(1):53-58.

 13. Bohmer E, Hoffmann P, Abdelnoor M, Seljeflot I, Halvorsen S. Troponin T concentration 3 days 
after acute ST-elevation myocardial infarction predicts infarct size and cardiac function at 3 
months. Cardiology. 2009;113(3):207-212.

 14. Giannitsis E, Steen H, Kurz K, et al. Cardiac magnetic resonance imaging study for quantifica-
tion of infarct size comparing directly serial versus single time-point measurements of cardiac 
troponin T. J Am Coll Cardiol. 2008;51(3):307-314.

 15. Hedström E, Aström-Olsson K, Ohlin H, et al. Peak CKMB and cTnT accurately estimates myocardial 
infarct size after reperfusion. Scand Cardiovasc J. 2007;Jan; 41(1):44-50.

 16. Haase J, Bayar R, Hackenbroch M, et al. Relationship between size of myocardial infarctions as-
sessed by delayed contrast-enhanced MRI after primary PCI, biochemical markers, and time to 
intervention. J Interv Cardiol. 2004;17(6):367-373.



 



 Chapter 5
The value of global longitudinal 
systolic strain after STEMI 

Submitted 

Minke H.T. Hartman
Yoran M. Hummel 
Erik Lipsic 
Ad F.M. van den Heuvel 
Dirk J. van Veldhuisen 
Joost P. van Melle 
Iwan C.C. van der Horst 
Pim van der Harst



72 Chapter 5

aBsTraCT

Background

Strain echocardiography is a rapidly evolving technique to assess left ventricular func-
tion. The aim of this study is to investigate the course as well as clinical, angiographic 
and biochemical correlates of global longitudinal systolic strain (GLSS) after ST-elevation 
myocardial infarction (STEMI).

Methods

GLSS was measured by 2D-echocardiography in total 291 STEMI patients treated with 
percutaneous coronary intervention; under which in 199 patients during hospitaliza-
tion for STEMI, in 230 patients after 4 months and in 138 patients at both timepoints. 
GLSS was compared with cardiac magnetic resonance imaging measures performed at 
4 months in 218 patients. 

results

Average age was 61 year and 77% was male. GLSS improved over time (P≤0.0005). High 
levels of peak creatine kinase-MB were the strongest predictors of impaired GLSS during 
STEMI hospitalization and at 4 months. Other independent predictors of impaired GLSS 
during hospitalization were higher levels of high sensitive C-reactive protein (HsCRP), 
Hemoglobin, higher heart rate, and infarction of the left anterior descending artery 
(LAD) (R2=0.46, P≤0.003). High HsCRP and baseline heart rate also predicted impaired 
GLSS at 4 months whereas Thrombolysis In Myocardial Infarction (TIMI) flow 3 post-PCI 
was associated with improved GLSS (R2=0.31, P≤0.02). Over time, GLSS improved most 
when infarct related artery was LAD and improvement of GLSS was most pronounced in 
the endocardial layer.

Conclusions

To summarize, GLSS improved in the first 4 months after STEMI and was mainly deter-
mined by infarct related artery. Biomarkers, infarct related artery and coronary artery 
reperfusion were the strongest predictors of GLSS after STEMI.
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abbreviations list

ALT Alanine Transaminase 
AST Aspartate Transaminase 
AUC Area under the curve
CH Chamber
CMR Cardiac magnetic resonance imaging 
eGFR Estimated Glomerular Filtration Rate 
GLSS Global longitudinal systolic strain 
Hb Hemoglobin 
HsCRP High-sensitive C-reactive protein 
Ht Hematocrit 
ICD Implantable cardioverter defibrillator 
IQR Interquartile range 
LAD Left anterior descending artery
LCX Left circumflex artery 
LDH Lactate Dehydrogenase 
LV Left ventricle 
LVEF Left ventricular ejection fraction 
MBG Myocardial blush grade 
NT-pro-BNP N-terminal pro brain natriuretic peptide 
RCA Right coronary artery
RCT Randomized clinical trial 
SD Standard deviation
STEMI ST-segment elevation myocardial infarction 
TIMI Thrombolysis in Myocardial Infarction 
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InTroduCTIon

Left ventricular ejection fraction (LVEF), generally measured by echocardiography dur-
ing hospitalization for ST-segment elevation myocardial infarction (STEMI), is the current 
guidance for implementing intensified medical treatment or device therapy1. In addition 
to an abnormal LVEF, the value of other markers of cardiac dysfunction, including global 
longitudinal systolic strain (GLSS), is currently being explored in STEMI patients.

In twenty STEMI patients it was shown that GLSS correlated well with LVEF and trans-
mural extent of infarction as assessed by cardiac magnetic resonance imaging (CMR)2. 
Several other studies highlighted the ability of GLSS to predict infarct size as determined 
by CMR. In these studies GLSS was a superior predictor of infarct size compared to 
echocardiographic estimated LVEF3-5. In addition, GLSS during STEMI hospitalization 
has been reported as an important predictor of LVEF improvement after 6 months6. 
Impaired GLSS was also associated with left ventricular remodeling and adverse cardiac 
events7-10. GLSS predicted in-hospital heart failure development during STEMI index 
hospitalization, better than known risk factors such as renal function, N-terminal pro 
brain natriuretic peptide (NT-pro-BNP) and Troponin T11.

Although GLSS is emerging as a novel imaging marker of adverse outcome in STEMI 
patients, sparse data is available on its clinical, angiographic and biochemical correlates. 
The aim of this study is to validate previous reported associations with LVEF and infarct 
size and to investigate the course as well as clinical, angiographic and biochemical cor-
relates of GLSS in STEMI patients treated with PCI. In addition, we studied change in 
GLSS over time in the three layers of the heart.

MeTHods

study population

The design and principal results of the GIPS-III trial have been described in detail12. In 
brief, the GIPS-III randomized clinical trial (RCT) compared the efficacy of 4 months met-
formin in comparison to placebo treatment on the preservation of LVEF. The GIPS-III was 
a single center study including STEMI patients admitted to the University Medical Center 
Groningen between January 1, 2011 and May 26, 2013. Inclusion criteria were; aged >18 
years, STEMI treated with primary PCI resulting in Thrombolysis in Myocardial Infarction 
(TIMI) flow 2-3 post-PCI. All included patients provided written informed consent and 
the trial was registered at clinicaltrials.gov (NCT01217307). According to the protocol 
PCI-procedure related characteristics were registered by the operator during the pro-
cedure and reviewed by an independent observer13. These characteristics included 
ischemia time, multi-vessel disease, infarct-related artery, TIMI flow pre- and post-PCI 
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and myocardial blush grade (MBG). Blood samples for analysis of myocardial injury 
were drawn according to a standardized protocol during the PCI procedure, including 
enzyme release of creatine kinase (CK), creatine kinase MB (CK-MB) and Troponin T13. 
Areas under the curve (AUC) and peak values were calculated over the first 36 hours 
post-PCI using the trapezoid method14. No curve was calculated for patients having <2 
measurements or only measurements with a time span of <10 hours. Other laboratory 
measures collected at the time point directly after PCI included Hemoglobin (Hb), He-
matocrit (Ht), high-sensitive C-reactive protein (HsCRP), Aspartate Transaminase (AST), 
Alanine Transaminase (ALT), Lactate Dehydrogenase (LDH), NT-pro-BNP, and estimated 
Glomerular Filtration Rate (eGFR) as determined by the Chronic Kidney Disease Epide-
miology Collaboration formula15.

echocardiography

During index hospitalization and at 4 months, 2-dimensional (2D) echocardiography was 
performed on a Vivid S6 and Vivid 7 with a 2.5-3.5 MHz transducer (GE, Horten, Norway) 
per pre-specified imaging protocol. Images were stored digitally in raw DICOM format for 
further offline analysis. Offline analysis was performed on an EchoPac workstation (BT12; 
GE, Horten, Norway). The left ventricular deformation parameter global longitudinal sys-
tolic strain (GLSS) was measured using 2D-speckle-tracking software. Region of interest 
is manually positioned and automatically approved by software. When disapproved by 
software this was followed by manually repositioning of the region of interest with a 
maximum of three times. No measurements and further analyses was performed when 
more than 2 segments were missing. As described previously, the apical-long-axis view, 
the 4-chamber view and the 2-chamber view are consecutively employed for averaging 
GLSS measurements of each segment (17 in total) and muscular layer (endocardium, 
myocardium and epicardium) of the left ventricle (LV)16. Vendor-dependent lower limits 
of normal range have been suggested -18% for EchoPAC BT12 Software16. Frame rate 
in all views was >40Hz. Patients with tachycardia (≥100bpm) during echocardiography 
were excluded (n=22). Echocardiography analyses were performed in a blinded fashion 
(M.H.T.H.); the observer was blinded for treatment and for all patient characteristics, 
such as infarct location. Strain analyses were repeated for 50 individual measurements 
to calculate intra-observer variability. The consistency of agreement intraclass correla-
tion coefficient for intra-observer variability was 0.98 (95% confidence interval (CI): 0.96-
0.99, P<0.001). The two measurements were significantly correlated (Pearson’s correla-
tion 0.98, P<0.0001). Fisher-Pitman’s permutation test for equality of variances (falsely 
rejecting null hypothesis of paired samples being equal) was significant (P=0.002). Strain 
analyses repeated by a second observer (Y.M.H.) for 16 individual measurements to 
calculate inter-observer variability. The consistency of agreement intraclass correlation 
coefficient for inter-observer variability was 0.95 (95% CI: 0.86-0.98, P<0.001) and highly 
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correlated (Pearson’s correlation 0.95, P<0.0001). Fisher-Pitman’s permutation test for 
equality of variances for paired samples was significant (P=0.0006).

Cardiac magnetic resonance imaging

Infarct size and LVEF were measured independently with CMR 4 months after STEMI 
by the Image Analysis Center at the VU University Medical Center in Amsterdam, the 
Netherlands, as described previously13. CMR imaging was performed with a phased 
array cardiac receiver coil on a 3.0 Tesla whole-body Magnetic Resonance imaging scan-
ner (Achieva; Philips, Best, The Netherlands). LV mass and areas of infarct were analyzed 
on delayed enhancement images. Infarct size was defined as percentage of total left 
ventricular mass. LVEF was categorized according to current guidelines16.

statistical analysis

Dichotomous variables were presented as percentages, and continuous dependent 
variables were presented as mean±standard deviation (SD) or with interquartile ranges 
(IQRs) when appropriate. The paired T-test was performed to test differences between 
GLSS over time. Uni- and multivariable linear regression analyses were performed 
to assess correlates of (Δ)GLSS. The proportion of explained variance in the uni- and 
multivariable linear regression model was presented with R-squared (R2), P-value and 
standardized beta (std.β). Variables with P-value ≤ 0.10 were included in the multivari-
able analyses. Multivariable linear regression analyses by means of a forward stepwise 
algorithm (cutoff for entry set at a significance level of P ≤ 0.10) were performed to iden-
tify independent predictors of GLSS. The Dunn’s test was performed for nonparametric 
pair wise multiple comparisons of categories of LVEF. The sensitivity and specificity of 
GLSS cutpoints for LVEF categories was visualized with receiver operating characteristic 
curves and areas under the curves. Logistic regression was performed to evaluate the 
association of (Δ)GLSS and incidence of cardiovascular events during follow-up, defined 
as reinfarction, cardiovascular death, target lesion revascularization, target vessel revas-
cularization, heart failure hospitalization, and implantation of implantable cardioverter 
defibrillator (ICD). All reported P-values are 2-sided. A P<0.05 was considered to indicate 
a significant difference. Analyses were performed with STATA/IC version 13.0 (StataCorp 
LP, College Station, Texas, USA).

resulTs

Baseline characteristics

In 291 patients GLSS was measured at least once (Figure 1). Baseline echocardiography 
(performed median 1 day after admission, IQR 1-2 days) was eligible for strain analyses 
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in 199 patients (68%). Echocardiography performed at 4 months (median 123 days after 
admission, IQR 117-128 days) after STEMI was eligible for strain analyses in 230 (79%) 
patients. At 4 months CMR data was available in 218 (75%) patients. Baseline character-
istics of the 291 patients are presented in Table 1. The majority of the patients were male, 
had a normal MBG and TIMI flow post-PCI.

laboratory values 

The median peak CK-MB level was 159.5 (68.5-323.5) U/L. Serial measurements of NT-
pro-BNP were collected. NT-pro-BNP levels at 1-2 weeks, 6-8 weeks and 4 months were 
respectively 529 (214-1201), 261 (117-632), and 163 (70-351) ng/L. Heart rate during 
baseline echocardiography was 65 (60-73) beats per minute and during echocardiogra-
phy performed at 4 months the heart rate was 57 (52-63) beats per minute.

figure 1. Flowchart eligibility echocardiography strain analyses and CMR in GIPS-III.
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Table 1. Baseline characteristics

Characteristic n=291
IQr (25-75) or n (%)

Age 60.5 (51.6-67.3)

Sex, Male 224 (77)

Body Mass Index (kg/m²) 26.3 (24.2-29.0)

Ethnicity

Caucasian 280 (96) 

Asian 8 (3) 

Black 3 (1) 

Hypertension 78 (27)

Hypercholesterolemia 178 (61)

Current smoker 156 (54)

Stroke 3 (1)

Previous PCI 3 (1)

Systolic blood pressure (mmHg) 133 (120-148)

Diastolic blood pressure (mmHg) 83 (74-95)

Heart rate (bpm) 74 (65-84)

Ischemia time (min) 159.5 (109-235.5)

Angiographic characteristics

Single vessel disease 198 (68)

Infarct-related artery 

LAD 111 (38) 

LCX 53 (18) 

RCA 127 (44) 

TIMI flow pre-PCI

0 159 (55) 

1 24 (8) 

2 49 (17) 

3 59 (20) 

TIMI flow post-PCI

2 29 (10) 

3 262 (90) 

Myocardial blush grade

0 7 (2) 

1 26 (9) 

2 59 (20) 

3 196 (68) 
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global longitudinal systolic strain

Myocardial GLSS was abnormal in 84% of patients at baseline and 73% at 4 months 
follow-up as shown in Table 2. Myocardial GLSS improved significantly over time (mean 
improvement -1.6±3.4%; paired T-test P<0.0001). In univariable linear regression, peak 
CK-MB and peak CK were the strongest predictors for myocardial GLSS at baseline and 
at 4 months (R2=0.23 at baseline, R2=0.18 at 4 months; Table 3). In multivariable analysis, 
independent predictors of myocardial GLSS at baseline were peak CK-MB (std.β 0.39), 
HsCRP (std.β 0.19), Hb (std.β 0.19), infarct related artery being left circumflex artery (LCX) 
(std.β -0.25), infarct related artery being right coronary artery (RCA) (std.β -0.34) explain-
ing 42% of the variance (P≤0.003). When adjusting for heart rate during echocardiog-
raphy, the explained variance increased to 46%. Independent predictors for myocardial 
GLSS at 4 months were peak CK-MB (std.β 0.38), HsCRP (std.β 0.17), and TIMI flow 3 
post-PCI (std.β -0.16), explaining 24% of the variance (P≤0.02). Again, when adjusting 
for heart rate during echocardiography, the explained variance increased to 31%.

Table 1. Baseline characteristics (continued)

Characteristic n=291
IQr (25-75) or n (%)

Blood biomarkers

Hemoglobin (mmol/L) 8.9 (8.5-9.4)

Hematocrit (%) 0.42 (0.40-0.44)

HsCRP (mg/L) 1.9 (0.9-3.7)

LDH (U/L) 177 (154-206)

AST (U/L) 28 (22-40)

ALT (U/L) 24 (18-33)

Creatinine (µmol/L) 72 (62-81)

eGFR (mL/min) 96 (86-103)

NT-pro-BNP (ng/L) 79 (37-183)

Peak CK-MB (U/L) 159.5 (68.5-323.5)

CK-MB AUC (U/L sec*107) 1.0 (0.4-1.9)

Peak CK (U/L) 1285.5 (617.5-2965.5)

Peak Troponin T (µg/L) 2.81 (1.22-6.22)

Data is presented as IQR (25-75) or n (%). Abbreviations: PCI, percutaneous coronary intervention; LAD, 
left anterior descending artery; LCX, ramus circumflexus; RCA, right coronary artery; TIMI, Thrombolysis 
in Myocardial Infarction; HsCRP, high-sensitive C-reactive protein; LDH, Lactate Dehydrogenase; AST, As-
partate Transaminase; ALT, Alanine Transaminase; eGFR, estimated Glomerular Filtration Rate; NT-pro-BNP, 
N-terminal-pro-brain natriuretic peptide; peak CK-MB, peak creatine kinase MB; AUC, area under the curve; 
peak CK, peak creatine kinase; LV, left ventricle.



80 Chapter 5

Change in global longitudinal systolic strain

Change in GLSS in the three layers of the heart (epicardial, myocardial and endocardial) 
was determined for the 138 patients in whom GLSS measurements could be obtained 
at both time points. The number of diseased vessels and the infarct-related artery were 
associated with change in myocardial GLSS (single vessel disease: std.β -0.19, R2=0.04, 
P=0.03; infarct-related artery LCX: std.β 0.26, RCA: std.β 0.31, R2=0.10, P=0.0008; Supple-
mentary Table 1). The average change in GLSS was visualized in the 17-segment model 
with percentage change for every segment between baseline and at 4 months in Figure 
2. The left anterior descending artery (LAD) supplies the most parts of the left ventricle 
of blood, as shown in Supplementary Figure 1; presenting the segmentation of coronary 
arterial distribution according to CMR HE locations as adjusted from Ortiz-Pérez et al., 
200817 and adapted with segmentation layout of the used EchoPAC BT 12 Software. As 
expected and presented in Figure 2, change in GLSS was in accordance with infarct loca-
tion and most pronounced when infarct-related artery was LAD. Change in GLSS was 
evaluated for each infarct related artery group (n=58 for left anterior descending artery 
(LAD); n=28 for LCX; n=52 for RCA) and for each myocardial layer. Epicardial change in 
GLSS was significantly different between infarct-related arteries for 11 out of 17 seg-
ments (P≤0.05). For the myocardial and endocardial layer 10 out of 17 segments were 
different (P≤0.04). Mean improvement of GLSS was -1.7±4.0% for the endocardial layer, 
-1.6±3.4% for myocardial and -1.4±2.9% for epicardial layer (paired T-test P<0.001). For 
the endocardial layer, the improvement was most pronounced when infarct related 
artery was LAD (Figure 3).

Table 2. Distribution of GLSS at baseline and at 4 months

 strain parameter Baseline 
n=199

mean±sd 
or n (%)

at 4 months 
n=230

mean±sd 
or n (%)

Δ 
n=138

mean±sd 

P-value

Peak GLSS endocardial (%) -16.6±4.0 -18.5±4.0 -1.7±4.0 <0.001

Abnormal 122 (61) 100 (43)

Peak GLSS myocardial (%) -14.3±3.4 -16.0±3.5 -1.6±3.4 <0.001

Abnormal 167 (84) 168 (73)

Peak GLSS epicardial (%) -12.4±3.0 -14.0±3.1 -1.4±2.9 <0.001

Abnormal 195 (98) 205 (89)

Endocardial GLSS for each infarct related artery

LAD (%) -14.7±3.9 (n=81) -17.8±4.5 (n=88) -2.8±3.5 <0.001

LCX (%) -17.4±3.8 (n=37) -18.0±3.4 (n=44) -0.7±2.9 0.40

RCA (%) -18.3±3.4 (n=81) -19.4±3.6 (n=98) -0.7±3.1 0.12

Data is presented as mean±standard deviation or n (%). Abbreviations: GLSS, global longitudinal systolic 
strain; LAD, left anterior descending artery; LCX, ramus circumflexus; RCA, right coronary artery.
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Table 3. Univariable linear regression with GLSS at baseline and at 4 months

Predictor glss at baseline
n=199 std.β; r2

P-value glss at 4 months
n=230 std.β; r2

P-value

Age 0.75 0.42

Sex 0.20 0.15

Body Mass Index 0.23 0.16

Ethnicity 0.47 0.76

Hypertension 0.67 0.70

Hypercholesterolemia 0.39 0.45

Current smoker 0.96 0.88

Stroke 0.55 0.13; 0.02 0.04

Previous PCI 0.82 0.45

Systolic blood pressure 0.65 0.94

Diastolic blood pressure 0.15 0.58

Heart rate at admission 0.24; 0.06 0.001 0.27

Heart rate during echo 0.39; 0.16 <0.001 0.22; 0.05 0.001

Ischemia time (min) 0.16; 0.03 0.02 0.10

Single vessel disease 0.20 0.13

Infarct-related artery R2 0.18 <0.001 R2 0.04 0.02

LAD Ref. - Ref. - 

LCX -0.26 <0.001 -0.01 0.90 

RCA -0.45 <0.001 -0.19 0.008 

TIMI flow pre-PCI R2 0.05 0.02 0.40

0 Ref. -   

1 0.06 0.42   

2 -0.21 0.005   

3 -0.08 0.25   

TIMI flow post-PCI 0.10 R2 0.02, Ref. 0.02

2   -0.16; 0.02  

3     

Myocardial blush grade 0.06 0.06

Hemoglobin 0.23; 0.05 0.001 0.17; 0.03 0.01

Hematocrit 0.21; 0.05 0.003 0.15; 0.03 0.03

HsCRP 0.24; 0.06 0.002 0.24; 0.06 0.001

LDH 0.16; 0.03 0.02 0.15; 0.02 0.02

AST 0.24; 0.06 0.001 0.17

ALT 0.07 0.19

Creatinine 0.76 0.76

eGFR 0.50 0.68

Peak CK-MB 0.48; 0.23 <0.001 0.42; 0.18 <0.001

CK-MB AUC 0.46; 0.22 <0.001 0.41; 0.17 <0.001

Peak CK 0.48; 0.23 <0.001 0.42; 0.18 <0.001

Peak Troponin T 0.34; 0.11 <0.001 0.38; 0.15 <0.001

Abbreviations: GLSS, global longitudinal systolic strain; Std.β, standardized beta; R2, R-squared; PCI, percuta-
neous coronary intervention; LAD, left anterior descending artery; LCX, ramus circumflexus; RCA, right coro-
nary artery; TIMI, Thrombolysis in Myocardial Infarction; HsCRP, high-sensitive C-reactive protein; LDH, Lactate 
Dehydrogenase; AST, Aspartate Transaminase; ALT, Alanine Transaminase; eGFR, estimated Glomerular Filtra-
tion Rate; peak CK-MB, peak creatine kinase MB; AUC, area under the curve; peak CK, peak creatine kinase.
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figure 2. Mean change in GLSS from baseline to 4 months per infarct related artery.
A. Mean change GLSS if infarct related artery was LAD (n=58).
B. Mean change GLSS if infarct related artery was LCX (n=28).
C. Mean change GLSS if infarct related artery was RCA (n=52).
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relation with infarct size, lVef and nT-pro-BnP during follow-up

The correlations of CMR parameters and serial measurements of NT-pro-BNP up to 4 
months follow-up with myocardial GLSS at baseline and at 4 months are presented in 
Table 4. Infarct size at 4 months was 9.2±8.0% and LVEF was 53.9±8.5 %. Myocardial 
GLSS correlated positively with NT-pro-BNP at all timepoints, infarct size, left ventricular 
end-systolic and end-diastolic volumes. A negative correlation was found between 
myocardial GLSS and LVEF. In Supplementary Figure 3 myocardial GLSS at 4 months 
and categories of LVEF are presented. GLSS gradually decreased over LVEF categories 
normal (n=120), mildly (n=50), moderately (n=11), and severely abnormal (n=3; P for 
trend <0.001). Surprisingly, of the 120 patients categorized with normal LVEF, 76 (63%) 
had abnormal GLSS at 4 months (mean myocardial GLSS in these patients: -15.2±2.1%). 
The optimal cutpoint to differentiate between normal versus mildly abnormal LVEF with 
myocardial GLSS at 4 months was -15.7% (sensitivity: 0.68, specificity: 0.71, area under 
the curve 0.72; Supplementary Figure 2A). The optimal cutpoint to differentiate between 
mildly abnormal versus moderately to severely abnormal LVEF was -12% (sensitivity: 
0.79, specificity: 0.92, area under the curve 0.92; Supplementary Figure 2B).

long-term outcome

Cardiac events during 2-year follow-up occurred in 36 patients (12%). Myocardial GLSS at 4 
months was associated with the incidence of cardiac events (OR 1.19, CI 1.05-1.35; P=0.005) 
and remained significant after adjustment for age, sex and heart rate during echocardiogra-
phy (OR 1.17, CI 1.03-1.32; P=0.016). However, the association did not remain significant after 
adjustment for LVEF, infarct size or NT-pro-BNP (P=0.13). LVEF, infarct size and NT-pro-BNP 
measured during follow-up were also significantly associated with the incidence of cardiac 
events (P≤0.01). GLSS at baseline or change in GLSS did not predict long-term outcomes.

Table 4. NT-pro-BNP and CMR parameters correlate with GLSS 

Characteristic Baseline glss
r

P-value 4 months glss
r

P-value

NT-pro-BNP at admission 0.16 0.02 - -

NT-pro-BNP at 1-2 weeks 0.41 <0.001 - -

NT-pro-BNP at 6-8 weeks 0.37 <0.001 - -

NT-pro-BNP at 4 months 0.34 <0.001

Infarct size at 4 months 0.45 <0.001 0.45 <0.001

LVEF at 4 months -0.41 <0.001 -0.56 <0.001

LVEDV 0.24 0.003 0.29 <0.001

LVESV 0.36 <0.001 0.48 <0.001

Abbreviations: GLSS, global longitudinal systolic strain; NT pro-BNP, N-terminal-pro-brain natriuretic pep-
tide; LVEF, left ventricular ejection fraction; LVEDV, left ventricular end diastolic volume; LVESV; left ventricu-
lar end systolic volume.
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dIsCussIon

This is the first study to investigate clinical, angiographic and biochemical correlates of 
GLSS in STEMI patients. GLSS improved significantly over time. We showed that GLSS 
was and remained abnormal in a substantial part of STEMI patients, even though LVEF 
measured at 4 months was normal in most patients studied. For an important part, 
infarct related artery influenced the course of GLSS over time. Independent predictors 
of GLSS during hospitalization and at 4 months were cardiac biomarkers, infarct related 
artery, and angiographic parameters of myocardial damage. Furthermore, high heart 
rate during echocardiography was associated with impaired GLSS and impaired GLSS 
at 4 months was associated with incidence of cardiac events during 2-year follow-up.

In our STEMI population the majority of patients received successful reperfusion 
therapy by PCI, but we observed a remarkable high number of patients with abnormal 
GLSS during hospitalization and also at 4 months. Montgomery et al. described, in a 
population referred for stress echocardiography, that the optimal threshold to detect 
coronary artery disease was -17.77%18. Likewise other studies promote a GLSS cutpoint 
higher than the used threshold of -18%18. Our data suggest that the optimal cutpoint 
differentiating between normal and mildly abnormal LVEF was -15.7%, again higher 
than the generally accepted threshold. These findings suggest that GLSS might be an 

figure 3. Change in endocardial GLSS at baseline 
and at 4 months in subgroup LAD.



The value of GLSS in patients with STEMI 85

early marker of myocardial damage in STEMI patients and only when LV deformation 
is moderately affected, LVEF will decrease. Currently, guidelines do not support normal 
ranges of these echocardiographic parameters and are awaiting the consensus docu-
ment by the task force for standardization of quantitative function imaging16.

We confirmed the significant correlation of GLSS with infarct size and LVEF. We also 
found similar biomarkers correlating with GLSS that previously have been shown to 
highly correlate with infarct size and LVEF19. This reflects that GLSS is valuable in the 
assessment of left ventricular function after STEMI. Enzymatic infarct size measured 
by peak CK-MB was the strongest predictor of GLSS at both timepoints. Peak CK-MB 
levels are a sensitive biomarker of myocardial tissue loss and correlate well with scar size 
on CMR19. In relation with GLSS, peak CK-MB likely represent the myocardial damage 
caused by infarction. Cardiac biomarkers and biochemical infarct size did not relate with 
change in GLSS. This suggests infarct size itself does not affect the recovery of cardiac 
function after STEMI. HsCRP also was associated with variance in GLSS and has been 
shown previously to correlate with infarct size and LVEF20 and is a predictor of outcome 
after STEMI21. The association between Hemoglobin and GLSS at baseline is less clear. 
Although anemia in STEMI patients has been related with worse long-term outcome22,23, 
and in heart failure anemia is known as an important prognostic marker22 the associa-
tion with GLSS is speculative. Optimal reperfusion as indicated by a TIMI flow 3 post-PCI 
predicted improved GLSS after 4 months. This is in line with previous reported associa-
tions of TIMI flow with LVEF and infarct size24.

We present the first data on change in GLSS after STEMI for each segment and for 
different myocardial layers. We observed that the distribution of change in GLSS over 
segments is consistent with the segmentation distribution of the coronary artery blood 
supply supporting the relevance of GLSS to identify areas of myocardial damage17. We 
observed the greatest improvement in GLSS in patients with infarct related artery LAD. 
To our surprise, GLSS in the basal anterior and mid anterior segments improved much 
less over time when infarct related artery was LAD compared to LCX. As mentioned 
by Malm et al., the volume quantification of the left ventricle with the 2-chamber 
view instead of apical-long-axis view brings along certain limitations25, this may have 
influenced the results. Furthermore, the endocardial layer showed an overall greater 
improvement in GLSS than myocardial and epicardial layers. This might be explained 
by the morphological patterns of myocardial infarction. In the early phase cell death 
starts in the subendocardial region later evolving in transmural infarction26. In successful 
reperfusion, transmural damage is limited. Recovery as measured by ΔGLSS is therefore 
probably more apparent in the endocardial vs. mid- and epicardial layers.

Only single vessel disease and infarct related artery predicted change in GLSS. Infarct 
related artery was also an independent predictor of GLSS at baseline. When infarct 
related artery was LAD, GLSS was more affected than LCX or RCA. In a smaller similar 
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study, percentage of LAD infarction did vary across groups of unchanged, improved 
and worsened GLSS, with the highest percentage in the group with worsened GLSS27. 
However, this study measured GLSS before and 3 days after PCI whereas we measured 
GLSS post-PCI and at 4 months, a period in which infarct healing and LV remodeling is 
most dynamic28. In another study in 42 patients location of STEMI did not vary in groups 
with and without improvement of GLSS measured 2 days and 5 months post-PCI, pos-
sibly due to small study size29.

The prognostic value of GLSS has been studied before8-10. GIPS-III has not been 
powered to study outcome in terms of cardiac events. Interestingly, we observed that 
GLSS at 4 months was associated with incidence of cardiac events. Baseline or change of 
GLSS was not predictive. These preliminary observations could be chance findings and 
require confirmation in larger studies.

Despite exclusion of tachycardia during echocardiography, heart rate at the time 
of GLSS measurement was a remarkable and independent predictor of GLSS at both 
timepoints. We hypothesize that heart rate might be an important variable affecting 
GLSS measurements and should be studied further as potential factor to account for 
when interpreting the value of GLSS in clinical practice.

lIMITaTIons

Although GLSS measurements were obtained without knowledge of clinical data, this 
study is a retrospective analysis of echocardiography data obtained in the GIPS-III trial. 
The GLSS measurements have been performed offline and could not be performed in 
all patients for the most part due to missing views and missing echocardiography’s and 
for a smaller part due to image quality. The number of individuals studied is substantial, 
in comparison with previous studies, but our study is underpowered to convincingly 
study the association with clinical outcomes. We determined the relation of GLSS with 
LVEF and infarct size, as assessed by MRI, the golden standard. Comparison with strain 
measured by MRI would be of additive value, but the required software is currently not 
yet available in our center.

ConClusIon

Strain echocardiography is a rapidly evolving and easily applicable technique to assess 
LV function. We demonstrated that the assessment of GLSS after STEMI could be of ad-
ditional clinical value alongside conventional measurements such as LVEF and appears 
more sensitive in the detection of LV dysfunction. GLSS was abnormal in a substantial 
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part of STEMI patients, even when LVEF was normal. GLSS improved significantly in 
the 4 months after STEMI. Furthermore, we illustrated that this dynamic process was 
mainly determined by infarct related artery. Independent predictors of GLSS during 
hospitalization and at 4 months after STEMI were cardiac biomarkers, infarct related ar-
tery, and angiographic parameters of myocardial damage. Increasing heart rate during 
echocardiography had a negative effect on GLSS. When interpreting the value of GLSS 
in clinical practice, GLSS should be indexed for heart rate. In addition, we demonstrated 
the association of GLSS at 4 months with the incidence of cardiac events during 2-year 
follow-up.

aCknowledgeMenTs

The GIPS-III trial was supported by grant number 95103007, ZonMw, the Netherlands 
Organization for Health Research and Development, The Hague, the Netherlands. We 
would like to acknowledge the GIPS-III investigators for making the data available for 
the current analyses.

fundIng

The GIPS-III trial was supported by grant number 95103007, ZonMw, the Netherlands 
Organization for Health Research and Development, The Hague, the Netherlands.

dIsClosures

Authors have nothing to disclose.



88 Chapter 5

referenCes

 1. Task Force on the management of ST-segment elevation acute myocardial infarction of the 
European Society of Cardiology (ESC), Steg PG, James SK, et al. ESC guidelines for the manage-
ment of acute myocardial infarction in patients presenting with ST-segment elevation. Eur Heart 
J. 2012;33(20):2569-2619.

 2. Cimino S, Canali E, Petronilli V, et al. Global and regional longitudinal strain assessed by two-
dimensional speckle tracking echocardiography identifies early myocardial dysfunction and 
transmural extent of myocardial scar in patients with acute ST elevation myocardial infarction 
and relatively preserved LV function. Eur Heart J Cardiovasc Imaging. 2013;14(8):805-811.

 3. Grabka M, Wita K, Tabor Z, et al. Prediction of infarct size by speckle tracking echocardiography in 
patients with anterior myocardial infarction. Coron Artery Dis. 2013;24(2):127-134.

 4. Grenne B, Eek C, Sjoli B, et al. Mean strain throughout the heart cycle by longitudinal two-
dimensional speckle-tracking echocardiography enables early prediction of infarct size. J Am Soc 
Echocardiogr. 2011;24(10):1118-1125.

 5. Sjoli B, Orn S, Grenne B, et al. Comparison of left ventricular ejection fraction and left ventricular 
global strain as determinants of infarct size in patients with acute myocardial infarction. J Am Soc 
Echocardiogr. 2009;22(11):1232-1238.

 6. Abate E, Hoogslag GE, Antoni ML, et al. Value of three-dimensional speckle-tracking longitudinal 
strain for predicting improvement of left ventricular function after acute myocardial infarction. 
Am J Cardiol. 2012;110(7):961-967.

 7. Mollema SA, Liem SS, Suffoletto MS, et al. Left ventricular dyssynchrony acutely after myocardial 
infarction predicts left ventricular remodeling. J Am Coll Cardiol. 2007;50(16):1532-1540.

 8. Munk K, Andersen NH, Terkelsen CJ, et al. Global left ventricular longitudinal systolic strain for 
early risk assessment in patients with acute myocardial infarction treated with primary percuta-
neous intervention. J Am Soc Echocardiogr. 2012;25(6):644-651.

 9. Park YH, Kang SJ, Song JK, et al. Prognostic value of longitudinal strain after primary reperfu-
sion therapy in patients with anterior-wall acute myocardial infarction. J Am Soc Echocardiogr. 
2008;21(3):262-267.

 10. Zaliaduonyte-Peksiene D, Vaskelyte JJ, Mizariene V, Jurkevicius R, Zaliunas R. Does longitudi-
nal strain predict left ventricular remodeling after myocardial infarction? Echocardiography. 
2012;29(4):419-427.

 11. Ersboll M, Valeur N, Mogensen UM, et al. Relationship between left ventricular longitudinal 
deformation and clinical heart failure during admission for acute myocardial infarction: A two-
dimensional speckle-tracking study. J Am Soc Echocardiogr. 2012;25(12):1280-1289.

 12. Lexis CP, van der Horst IC, Lipsic E, et al. Metformin in non-diabetic patients presenting with 
ST elevation myocardial infarction: Rationale and design of the glycometabolic intervention as 
adjunct to primary percutaneous intervention in ST elevation myocardial infarction (GIPS)-III trial. 
Cardiovasc Drugs Ther. 2012;26(5):417-426.

 13. Lexis CP, van der Horst IC, Lipsic E, et al. Effect of metformin on left ventricular function after acute 
myocardial infarction in patients without diabetes: The GIPS-III randomized clinical trial. JAMA. 
2014;311(15):1526-1535.

 14. Jawien W. Searching for an optimal AUC estimation method: A never-ending task? J Pharmacoki-
net Pharmacodyn. 2014;41(6):655-673.

 15. Levey AS, Stevens LA, Schmid CH, et al. A new equation to estimate glomerular filtration rate. Ann 
Intern Med. 2009;150(9):604-612.



The value of GLSS in patients with STEMI 89

 16. Lang RM, Badano LP, Mor-Avi V, et al. Recommendations for cardiac chamber quantification by 
echocardiography in adults: An update from the american society of echocardiography and the 
european association of cardiovascular imaging. J Am Soc Echocardiogr. 2015;28(1):1-39.e14.

 17. Ortiz-Perez JT, Rodriguez J, Meyers SN, Lee DC, Davidson C, Wu E. Correspondence between the 
17-segment model and coronary arterial anatomy using contrast-enhanced cardiac magnetic 
resonance imaging. JACC Cardiovasc Imaging. 2008;1(3):282-293.

 18. Montgomery DE, Puthumana JJ, Fox JM, Ogunyankin KO. Global longitudinal strain aids the 
detection of non-obstructive coronary artery disease in the resting echocardiogram. Eur Heart J 
Cardiovasc Imaging. 2012;13(7):579-587.

 19. Chia S, Senatore F, Raffel OC, Lee H, Wackers FJ, Jang IK. Utility of cardiac biomarkers in pre-
dicting infarct size, left ventricular function, and clinical outcome after primary percutaneous 
coronary intervention for ST-segment elevation myocardial infarction. JACC Cardiovasc Interv. 
2008;1(4):415-423.

 20. Reinstadler SJ, Feistritzer HJ, Klug G, et al. High-sensitivity troponin T for prediction of left 
ventricular function and infarct size one year following ST-elevation myocardial infarction. Int J 
Cardiol. 2016;202:188-193.

 21. Smit JJ, Ottervanger JP, Slingerland RJ, et al. Comparison of usefulness of C-reactive protein ver-
sus white blood cell count to predict outcome after primary percutaneous coronary intervention 
for ST elevation myocardial infarction. Am J Cardiol. 2008;101(4):446-451.

 22. O’Meara E, Rouleau JL, White M, et al. Heart failure with anemia: Novel findings on the roles of 
renal disease, interleukins, and specific left ventricular remodeling processes. Circ Heart Fail. 
2014;7(5):773-781.

 23. Vrsalovic M, Pintaric H, Babic Z, et al. Impact of admission anemia, C-reactive protein and mean 
platelet volume on short term mortality in patients with acute ST-elevation myocardial infarction 
treated with primary angioplasty. Clin Biochem. 2012;45(16-17):1506-1509.

 24. Bethke A, Halvorsen S, Bohmer E, Abdelnoor M, Arnesen H, Hoffmann P. Myocardial perfusion 
grade predicts final infarct size and left ventricular function in patients with ST-elevation myocar-
dial infarction treated with a pharmaco-invasive strategy (thrombolysis and early angioplasty). 
EuroIntervention. 2015;11(5):518-524.

 25. Malm S, Sagberg E, Larsson H, Skjaerpe T. Choosing apical long-axis instead of two-chamber view 
gives more accurate biplane echocardiographic measurements of left ventricular ejection frac-
tion: A comparison with magnetic resonance imaging. J Am Soc Echocardiogr. 2005;18(10):1044-
1050.

 26. Reimer KA, Jennings RB, Tatum AH. Pathobiology of acute myocardial ischemia: Metabolic, func-
tional and ultrastructural studies. Am J Cardiol. 1983;52(2):72A-81A.

 27. Woo JS, Kim WS, Yu TK, et al. Prognostic value of serial global longitudinal strain measured by 
two-dimensional speckle tracking echocardiography in patients with ST-segment elevation 
myocardial infarction. Am J Cardiol. 2011;108(3):340-347.

 28. Pokorney SD, Rodriguez JF, Ortiz JT, Lee DC, Bonow RO, Wu E. Infarct healing is a dynamic process 
following acute myocardial infarction. J Cardiovasc Magn Reson. 2012;14:62-429X-14-62.

 29. Caracciolo G, Eleid MF, Abe H, et al. Non-uniform recovery of left ventricular transmural mechan-
ics in ST-segment elevation myocardial infarction. Cardiovasc Ultrasound. 2010;8:31-7120-8-31.





 Chapter 6
Long-term eff ects of metformin in 
patients presenting with STEMI 

Clin Res Cardiol. 2017. Jul 28. PMID: 28755285.

Minke H.T. Hartman 
Jake K.B. Prins
Remco A.J. Schurer 
Erik Lipsic 
Chris P.H. Lexis 
Anouk N.A. van der Horst-Schrivers
Dirk J. van Veldhuisen 
Iwan C.C. van der Horst 
Pim van der Harst



92 Chapter 6

aBsTraCT

objectives 

Preclinical and clinical studies suggested cardioprotective effects of metformin treat-
ment. In the GIPS-III trial, 4 months of metformin treatment did not improve left ven-
tricular ejection fraction in patients presenting with ST-segment myocardial infarction 
(STEMI). Here, we report the 2-year follow-up results.

Methods 

Between January 2011 and May 2013, 379 STEMI patients without diabetes undergoing 
primary percutaneous coronary intervention were randomized to a 4-month treatment 
with metformin (500mg twice daily) (N=191) or placebo (N=188) in the University Medi-
cal Center Groningen. Two-year follow-up data was collected to determine its effect on 
predefined secondary endpoints: the incidence of major adverse cardiac events (MACE), 
its individual components, all-cause mortality, and new-onset diabetes.

results 

For all 379 patients all-cause mortality data was available. For 7 patients (2%) follow-up 
data on MACE was limited, ranging from 129-577 days. All others completed the 2-year 
follow-up visit. Incidence of MACE was 11 (5.8%) in metformin and 6 (3.2%) in placebo 
treated patients (Hazard ratio (HR) 1.84, Confidence interval (CI) 0.68-4.97, P=0.22). Three 
patients died in the metformin group and 1 in the placebo treatment group. Individual 
components of MACE were also comparable between both groups. New-onset diabetes 
mellitus was 34 (17.8%) in metformin and 32 (17.0%) in placebo treated patients (Odds 
ratio 1.15, CI 0.66-1.98, P=0.84). After multivariable adjustment the incidence of MACE 
was comparable between the treatment groups (HR 1.02, CI 0.10-10.78, P=0.99).

Conclusions 

Four months metformin treatment initiated at the time of hospitalization in STEMI 
patients without diabetes did not exert beneficial long-term effects.



Long-term effects of metformin in patients with STEMI 93

InTroduCTIon

The prognosis of patients presenting with ST-segment elevation myocardial infarction 
(STEMI) has substantially improved over the last decades. However, the development of 
heart failure remains an important cause of morbidity and mortality for STEMI patients 
and new strategies to reduce this risk are warranted1.

The dimethylbiguanidine metformin, used as first-line treatment in patients with type 
2 diabetes mellitus (DM), has been suggested to exhibit cardioprotective effects in the 
setting of myocardial infarction (MI) in both preclinical and clinical studies irrespective 
of its glucose-lowering properties2,3. Metformin treatment prior to reperfusion has been 
shown to reduce infarct size in several animal experimental studies as well as in obser-
vational studies in patients with DM4. Outside of the setting of MI, chronic metformin 
treatment in patients with type II DM was also associated with lower N-terminal pro-
brain natriuretic peptide (NT pro-BNP) levels, further supporting a potential beneficial 
effect on the risk of heart failure5. Furthermore, a favorable effect on adverse remodeling 
has been observed in non-diabetic mice undergoing permanent coronary artery liga-
tion, where metformin treatment during reperfusion improved left ventricular ejection 
fraction (LVEF)2. To test the hypothesis that metformin protects the heart against ad-
verse cardiac remodeling after STEMI we designed and executed the Glycometabolic 
Intervention as Adjunct to Primary Percutaneous Coronary Intervention in ST-segment 
Elevation Myocardial Infarction (GIPS) III trial, a randomized, double blinded clinical trial. 
We previously published the primary findings of GIPS-III6. Four months of metformin 
treatment in patients without DM presenting with STEMI and undergoing Primary 
Percutaneous Coronary Intervention (PCI) had no improvement on LVEF. In addition, 
no significant effect was seen on NT pro-BNP levels after 4 months; in both groups the 
median NT pro-BNP was 167 ng/L (P=0.66). Glucose regulation was also comparable at 4 
months, despite metformin treatment7.

Here, we report the long-term effects of 4 months of metformin treatment in STEMI 
patients without DM on predefined secondary endpoints, including major adverse 
cardiac events (MACE).

MeTHods

The GIPS-III trial was a prospective, double-blind randomized clinical trial. The included 
patients were admitted via the STEMI protocol to the University Medical Center of Gron-
ingen. Inclusion criteria were: age of 18 years or older, STEMI diagnosis, and successful 
PCI with at least one ≥3 mm stent resulting in a subsequent Thrombolysis in Myocardial 
Infarction (TIMI) flow grade of 2 or 3. Previous MI, diagnosis of DM, the need for coronary 
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artery bypass grafting (CABG), severe renal impairment, and contra-indications for car-
diac magnetic resonance imaging (CMR) were considered exclusion criteria. A detailed 
description of the study design, the rationale, and design of the GIPS-III trial as well as 
the primary results have been published6,8. The trial was registered at clincialtrials.gov 
(NCT01217307).

The study procedures have been described in detail previously6,8. In brief, standard 
laboratory assessment and physical examination were performed on admission fol-
lowed by coronary angiography and PCI. Verbal informed consent was obtained during 
PCI procedure in the presence of an independent witness. After the procedure, patients 
were transferred to the coronary care unit, where they were randomly assigned in a 1:1 
ratio to a 4-month oral treatment with either metformin hydrochloride (500mg twice 
daily) or a visually matching placebo using block randomization of 6 patients. Time of 
administration after successful PCI ranged from 81-133 minutes in the metformin group 
and 78-134 minutes in the control group. Written informed consent was obtained dur-
ing the admission at the coronary care unit from all but 1 (randomized to placebo). This 
patient was previously excluded from further analysis6 leaving in total 379 patients in 
this 2-year follow-up study. All patients were treated concomitantly according to the 
European practice guidelines for a STEMI1. Follow-up visits were performed by inves-
tigators blinded to treatment allocation at 1 and 2 years after randomization. During 
follow-up, NT pro-BNP levels were measured at baseline, and on average 3 hours, 12 
hours, 2 weeks, 6-8 weeks, 4 months and 1 year after baseline. During these visits, physi-
cal examination, clinical assessment, and 12-lead electrocardiography were performed 
and standard laboratory assessment was repeated at 1 year.

The principal secondary clinical outcome parameter of the current study was the 
combined incidence of MACE (defined as cardiovascular death, recurrent MI or target 
lesion revascularization) 2 years after randomization. During the time of follow-up, all 
predefined clinical endpoints (including death, reinfarction, recurrent coronary inter-
vention, stroke, hospitalization for heart failure or chest pain, implantable cardioverter 
defibrillator (ICD) implantation, and new-onset DM (defined as either receiving anti-
diabetic medication or a glycated hemoglobin (HbA1c) level of ≥6.5% or a glucose level 
(≥11.1 mmol/L) compatible with this diagnosis) were also assessed and adjudicated by 
an independent, blinded to allocation, adjudication committee7,9. Additional secondary 
efficacy measures were all-cause mortality, the individual components of MACE, new-
onset DM, and NT pro-BNP levels.

Differences between means of continuous variables with a normal distribution were 
assessed using the two-tailed Student’s t-test. Log transformation was used to convert 
not normally distributed data to a normal distribution. Differences in effect measure-
ments and their 95% confidence intervals between the control group and metformin 
group were presented when indicated. Logistic regression with concomitant odds ratio 
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(OR) was used to test the treatment effect on the endpoint of new-onset DM, as dates 
were not available. Associations between the treatment groups and the predefined 
clinical endpoints were analyzed using the Mantel-Cox or log-rank test and presented 
with hazard ratios (HR). Kaplan-Meier survival curves were used to present all-cause 
mortality and MACE incidences. Cox proportional hazard regression was performed to 
adjust for covariates. Linear mixed-effect models were used to assess NT pro-BNP levels 
over time (with last observation carried forward when missing) between treatment 
groups. A P-value of <0.05 was considered to indicate statistical significance. Analyses 
were performed using Stata version 13.0 (StataCorp).

resulTs

Baseline characteristics of patients included in the GIPS-III trial were previously reported 
and are similar between the two treatment groups6. In short, 191 patients were included 
in the metformin group and 188 in the placebo group. The majority was male, Caucasian, 
were current smokers, and had hypercholesterolemia. A history of hypertension was 
present in 30% of the patients. The most common infarct-related artery was the right 
coronary artery with a prevalence of 45% and 68% of patients had single vessel disease. 
Furthermore, the majority of patients had myocardial blush grade 3 and 91% had TIMI 
flow 3 post-PCI. Median peak creatine kinase MB was 163 (interquartile range (IQR) 68; 
343) U/L in the metformin group and 159 (IQR 69-300) U/L in the placebo group. Data 
on mortality was available for the entire follow-up period of all 379 patients. In 7 (2%) 
patients, 4 in the placebo group and 3 in the metformin group, follow-up data on MACE 
was limited ranging from 129 to 577 days; for all other patients, 2-year follow-up visits 
were completed.

During follow-up, MACE occurred in 17 patients (4.5%) (Table 1). Two MACE, both 
target lesion revascularizations, occurred at the day of randomization. Four patients 
died during follow-up, 1 patient due to a cardiovascular cause. Thirteen patients had a 
recurrent MI of which 6 patients also underwent a target lesion revascularization. MACE 
occurred in 11 (5.8%) patients treated with metformin compared to 6 (3.2%) patients 
treated with placebo (HR 1.84, Confidence interval (CI) 0.68-4.97, P=0.22, Figure 1).

Three patients died of a non-cardiovascular cause. Revascularizations of non-infarct 
related artery stenoses visualized during initial STEMI were mainly performed in a 
staged manner and included in the endpoint as defined by our protocol. Therefore, the 
incidence of non-target lesion revascularizations was substantial (17.4%). Of all non-
target lesion revascularizations, 84.8% (N=56) were identified during PCI of the initial 
STEMI event. In the other 10 patients receiving a non-target lesion revascularization, 
the median time was after 386 days (range 11-627 days) of follow-up. During follow-
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up, 66 (17.4%) patients developed DM. The individual components of MACE and other 
predefined clinical outcome parameters were also not significantly different between 
metformin and placebo treated patients (Table 1). Three (1.6%) patients in the metformin 
group died compared to 1 (0.5%) in the placebo group. New-onset DM was 34 (17.8%) 
in metformin and 32 (17.0%) in placebo treated patients (OR 1.15, CI 0.66-1.98, P=0.84). 
NT pro-BNP levels over time were not significantly different between treatment groups 
(P=1.00) (Figure 2).

dIsCussIon

The GIPS-III trial is the first prospective study evaluating the effect of 4 months of met-
formin treatment in patients without DM, presenting with STEMI. The primary endpoint 
of the GIPS-III trial, LVEF at 4 months, was not affected by metformin treatment6. In the 
present study we now provide 2-year follow-up data and evaluated predefined second-

Table 1. Secondary endpoints after 2-year follow-up

secondary endpoint Total 
(N=379)

Metformin 
(N=191)

Placebo 
(N=188)

P-value 

MACE (%) 17 (4.5) 11 (5.8) 6 (3.2) 0.22

 Cardiovascular death (%) 1 (0.3) 1 (0.5) - N.A.

 Reinfarction (%) 13 (3.4) 8 (4.2) 5 (2.7) 0.41

 Target lesion revascularization (%) 9 (2.4) 5 (2.6) 4 (2.1) 0.74

Death (%) 4 (1.1) 3 (1.6) 1 (0.5) N.A.

Non-cardiovascular death (%) 3 (0.8) 2 (1.1) 1 (0.5) N.A.

STEMI (%) 5 (1.3) 2 (1.1) 3 (1.6) 0.64

NSTEMI (%) 8 (2.1) 6 (3.1) 2 (1.1) 0.16

Target vessel revascularization (%) 7 (1.9) 2 (1.1) 5 (2.7) 0.25

Non-target lesion revascularization (%) 66 (17.4) 40 (20.9) 26 (13.8) 0.07

CABG (%) 15 (4.0) 10 (5.2) 5 (2.7) 0.20

Hospitalization for heart failure (%) 3 (0.8) 3 (1.6) - N.A.

Hospitalization for chest pain (%) 43 (11.4) 23 (12.0) 20 (10.6) 0.60

ICD implantation (%) 13 (3.4) 8 (4.2) 5 (2.7) 0.41

Stroke (%) 3 (0.8) 1 (0.5) 2 (1.1) N.A.

New-onset diabetes mellitus (%) 66 (17.4) 34 (17.8) 32 (17.0) 0.84

Abbreviations: MACE, major adverse cardiac events; STEMI, ST-segment elevation myocardial infarction; 
NSTEMI, non-ST-segment elevation myocardial infarction; CABG, coronary artery bypass graft; ICD, implant-
able cardioverter defibrillator; N.A., not applicable. Target lesion revascularization is defined as a percuta-
neous coronary intervention in the same coronary segment as the culprit lesion of the index event. Target 
vessel revascularization is defined as a percutaneous coronary intervention in the same culprit vessel, but 
not the same coronary segment of the index event.
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figure 1. Kaplan-Meier curve representing MACE-free survival during 2-year follow-up in the metformin 
and placebo treatment groups. MACE-free survival was not significantly different between the groups (Log-
rank test p=0.22).

figure 2. Median NT pro-BNP levels during 2-year follow-up in the metformin treatment and placebo treat-
ment group. Levels were not significantly different between the groups (linear mixed effects p=0.35).
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ary endpoints including MACE. We observed a similar incidence of MACE between 
patients who received metformin or placebo treatment for 4 months after STEMI. Other 
predefined secondary endpoints including all-cause mortality and new-onset DM did 
not differ between the treatment groups.

Previous data on the effects of metformin in MI originate predominantly from animal 
experimental or human observational data and are inconsistent. For example, some 
studies have reported a decrease in myocardial infarct size due to metformin4 while oth-
ers suggested no effect10. It has also been suggested that in patients with DM presenting 
with MI, chronic metformin use might reduce 30-days all-cause mortality, although 
12-months all-cause mortality was not significantly different11. Metformin also did not 
affect LVEF in these patients at 12-months11. The prospective Metformin in Coronary Ar-
tery Bypass Graft (MetCAB) trial investigated pretreatment of metformin in 100 patients 
undergoing CABG, and did not observe a reduction in periprocedural myocardial injury 
based on assessment of Troponin I levels12. Though, periprocedural myocardial injury 
is mostly limited and not comparable to the extent of myocardial injury caused by MI. 
Besides, a different underlying pathophysiologic process might play a role, which could 
be an explanation why metformin was not effective.

In the current analyses of GIPS-III we did not observe a beneficial effect of 4 months 
of metformin treatment on long-term clinical outcomes. The incidence of MACE during 
2-year follow-up was low and the same applies for heart failure hospitalizations and 
ICD implantations. This is probably due to the efficient local STEMI protocol resulting in 
short ischemia times and successful reperfusion in the majority of patients. In addition, 
all STEMI patients received medical therapy as recommended by current guidelines1. 
Patients of the GIPS-III trial had relatively small infarct size and largely preserved LVEF 
as measured by CMR at 4 months6, both of which are associated with favorable out-
comes13,14. Apart from the expected non-target vessel revascularizations diagnosed 
during initial STEMI event, the incidence of revascularizations in the GIPS-III trial was re-
markably low. As suggested in the review of Lexis et al.15, metformin could play a role in 
the prevention of restenoses, although this was not confirmed in our study. Limitations 
of this work that warrant consideration are the fact that the GIPS-III trial was primarily 
designed to detect the effect of metformin on LVEF with 80% power. Besides, other 
long-term follow-up studies with smaller patient populations found MACE incidences 
ranging from 25-35% as compared to 4.5% in the GIPS-III cohort16-18. The unexpected 
low incidence of MACE, which might have ensued of the efficient local STEMI protocol 
resulting in relatively small infarct size, has led to insufficient power to rule out beneficial 
effects of metformin on predefined clinical endpoints with certainty. The overall low 
rate of new cardiovascular events implies that with the current treatment strategy of 
reperfusion therapy and secondary prevention we are able to accomplish a favorable 
outcome in most patients. Hence, we might have reached a phase in clinical care to 
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which additional therapies might be of only limited additional value when STEMI pa-
tients receive optimal reperfusion therapy.

Several considerations have been discussed previously in defense of the moderate 
dose of metformin used in the GIPS-III trial6. In an open-label randomized controlled 
clinical trial including patients with metabolic syndrome undergoing elective PCI, 
treatment with a total dose of 750mg metformin prior to the procedure resulted in less 
cardiac biomarker release and a favorable outcome at 1-year follow-up19. As the lower 
dose used in this study with a similar population already showed to be effective, a higher 
dose up to 3000mg is not expected to give a different outcome in our study.

The timing and duration of metformin treatment might play a crucial role in its 
potential cardioprotective effects. The majority of the previous experimental and ob-
servational data reported protective effects in the setting of metformin administration 
before or during reperfusion4. In the GIPS-III trial, metformin was administered directly 
after PCI and effective plasma levels were probably achieved hours later, resulting in a 
shorter window of opportunity to modify ischemia-reperfusion injury. In animal models, 
ischemic reperfusion injury has been suggested to contribute up to 50% to the final size 
of MI20. We cannot exclude that metformin therapy initiated prior to PCI might indeed 
reduce myocardial infarct size as has been suggested by prior data4,21,22. Several mecha-
nisms have been postulated to play a key role in explaining the effect of early treat-
ment23-26. Nonetheless, we did not observe a positive effect with the applied strategy of 
post-PCI metformin administration on infarct size nor on other endpoints.

Furthermore, sex-dependent differences in the metabolic and functional response to 
metformin have been suggested10. Metformin therapy decreases fatty acid clearance 
which consequently results in increased fatty acid plasma levels and myocardial fatty 
acid utilization and oxidation in men, which has been linked to adverse clinical out-
comes in myocardial ischemia setting27. The opposite has been observed in women. In 
the GIPS-III trial the majority of patients were males, which limits us to detect a potential 
positive effect of metformin treatment in females.

Previous studies demonstrated that metformin therapy can prevent or delay the onset 
of type II DM28,29. We did not observe an effect of 4 months metformin treatment on the 
incidence of DM after 4 months follow-up7, nor in this analysis after 2-years follow-up. 
The treatment duration of 4 months in the GIPS-III trial, as opposed to 1.5-3 years in other 
studies, might not be long enough29,30, and the pharmacological effects of metformin 
might not persist after discontinuation. With 17% of patients developing DM our study 
does confirm that patients, after their first STEMI, should be followed for new-onset DM. 
Starting with lifestyle interventions, especially in case of impaired glucose tolerance, is 
recommended in STEMI patients1.

Currently, several clinical trials, in ischemic as well as non-ischemic settings, are evalu-
ating the effect of metformin on diverse cardiovascular endpoints (Online Resource 1). 
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These trials will provide further insight into the potential clinical value of metformin 
treatment in cardiovascular disease.

To conclude, in this 2-year follow-up of the GIPS-III trial we observed no differences 
between STEMI patients treated with metformin versus placebo on predefined sec-
ondary endpoints, including MACE. Moreover, no effect was seen on the incidence of 
new-onset DM in both groups. On the one hand, the overall low incidence of MACE 
prohibited us to definitely rule out long-term beneficial effects of metformin in STEMI 
patients without DM. On the other hand, the low rate of new cardiovascular events in 
a population with optimal reperfusion therapy and secondary prevention might imply 
that we have reached a phase in clinical care to which additional therapies are of only 
limited additional value.
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supplementary Table 1. Summary of ongoing clinical trials

author, country,
Trial registration

status, 
n

Patient group Intervention & primary endpoint 

Xiang Guang-da, China1, 
NCT01879293

Completed, 
N=120

non-diabetic patients 
with IHD and LVH 

Effect of metformin 1500mg/day vs. 
placebo for 1 year on change in LVM as 
measured with CMR 

Chim Lang, 
UK2, 25545400/ 
NCT02226510 

Active, not 
recruiting, 
N=64

non-diabetic patients 
with IHD and LVH

Effect of metformin 1000-2000mg/day 
vs. placebo for 1 year on change in LVM 
index as measured with CMR 

Terezie Pelikanova, 
Czech Republic3, 
NCT01690091

Recruiting, 
N=40

type 2 diabetes mellitus 
patients with HF

Effect of metformin 500-1000mg/day 
vs. placebo for 3 months on insulin 
sensitivity

Ricardo Ladeiras-Lopes, 
Portugal4, NCT02017561

Recruiting,
N=54

non-diabetic patients 
with metabolic 
syndrome and LV 
diastolic dysfunction

Effect of metformin 500-1000mg/day 
vs. lifestyle counseling for 2 years on 
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aBsTraCT

A plethora of cytokines is currently under investigation as potential targets of treatment 
to improve cardiac function and outcome in the setting of acute myocardial infarction 
(MI) or chronic heart failure (HF). Here we aim to provide a translational overview of 
cytokine inhibiting therapies tested or under evaluation in experimental models and 
clinical studies in MI and HF setting. In various experimental studies inhibition of inter-
leukin-1 (IL-1), -6 (IL-6), -8 (IL-8), monocyte chemoattractant protein-1 (MCP-1), CC- and 
CXC chemokines, and tumor necrosis factor-α (TNF-α) had beneficial effects on cardiac 
function and outcome. On the other hand, neutral or even detrimental results have been 
reported for some of these cytokines (IL-1, IL-6, IL-8, and MCP-1). Ambivalence of cyto-
kine function, differences in study designs, treatment regimes and chosen endpoints 
hamper the translation of experimental research into clinical practice. Human studies 
are currently limited to IL-1 receptor antagonists (IL-1RA), IL-6 receptor antagonists (IL-
6RA) or TNF inhibition. Despite favorable effects on cardiovascular events observed in 
retrospective cohort studies of rheumatoid arthritis patients treated with TNF inhibition 
or IL-1RA, prospective studies reported disappointing results. In both MI and HF, find-
ings were inconsistent. Smaller studies (n<100) generally reported favorable results of 
anticytokine therapy on cardiac function, but larger studies (n>100) presented neutral 
results. In conclusion, of the 10 anticytokine therapies tested in animals models benefi-
cial effects have been reported in at least one setting. Only TNF inhibition, IL-1RA and 
IL-6RA have been tested in larger clinical studies and finding were unsatisfactory. Many 
anticytokine therapies with promising animal experimental data continue to require 
further evaluation in humans.
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InTroduCTIon

Acute myocardial infarction (MI) and chronic heart failure (HF) are associated with 
decreased quality of life and unfavorable long-term outcome1-3 and novel therapeutic 
strategies are still needed to improve clinical outcome. After successful introduction of 
antiplatelet inhibitors, beta-blockers, statins and renin-angiotensin-aldosterone inhibi-
tors, more recently there is increasing interest to target inflammation more specifically 
by immunomodulation or specific anticytokine treatment.

Cardiac remodeling is one of the major contributors to progression of MI to HF and 
considered to be importantly mediated by inflammation4. Epidemiological studies sug-
gest that circulating concentrations of inflammatory markers, such as C-reactive protein 
(CRP), are associated with subsequent risk of atherosclerosis formation, coronary heart 
disease (CHD) and cardiac remodeling5. In the setting of acute MI elevated CRP levels 
are associated with impaired myocardial reperfusion6. In principle, the inflammatory 
response is a protective mechanism short-term but may lead to chronic overcompensa-
tory failure. It is a complex conjunction between innate (quick and non-specific) and 
adaptive (slow and specific) immune systems4,7. Upon tissue damage or stress endo-
thelial cells, cardiomyocytes, leukocytes and platelets can release various inflammatory 
cytokines attracting antigen presenting cells. Antigen presenting cells such as dendritic 
cells, monocytes and macrophages from the innate immune system will recognize re-
leased self-antigens or danger signals and start to interact with B and T cells from the 
adaptive immune sytem8,9. This interaction may be caused by the formation of receptor 
complexes and via cytokine production further activates and amplifies the instigated 
inflammatory response. Cytokines, such as interleukin-1 (IL-1), monocyte chemoat-
tractant protein-1 (MCP-1), tumor necrosis factor-α (TNF-α) were previously found to 
be elevated in MI and HF10,11. They are known to promote cell death of cardiomyocytes 
and cell hypertrophy by induction of intracellular signaling cascades such as NF-κB, JAK/
STAT and PI3K pathways in leukocytes. Some cytokines may even function as biomarker 
while the extent of elevation has been associated with outcome and degree of cardiac 
injury12,13. Anticytokine therapy targeting inflammation is widely used and successful 
in rheumatoid arthritis14 and is currently an active field of investigation for treatment 
of MI and HF. Since their fluctuations during the process of cardiovascular remodeling 
and observed associations with clinical outcome, cytokines have attracted attention as 
potential therapeutic targets. The aim of this review is to provide a contemporary and 
translational overview of potential effects of cytokine inhibition on cardiac function and 
outcome in the setting of acute MI and chronic HF.
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outline of this review 

For the selection of clinical studies, in total 534 articles were screened after which 206 
articles, based on article type and drug therapy, were selected for further review (Supple-
ments Methods). Irrelevant articles based on study design, patient population and drug 
therapy were excluded. In total 22 articles including 13 randomized clinical trials (RCTs) 
were reviewed thoroughly. For selection of animal experimental studies, we included 
search results and references of the clinical search and initially reviewed 56 articles of 
which 50 articles were considered relevant and are discussed. Since there are many pro-
inflammatory cytokines being studied in the experimental field, we mainly focused on 
those that are currently under investigation in clinical setting. An introductory overview 
of cytokine levels and their mechanisms in cardiovascular disease has been given in the 
Supplements.

anticytokine therapy in experimental MI models

IL-1 inhibition in small animals 
A variety of experimental MI models evaluated the effect of IL-1 inhibition. Pre-treat-
ment with IL-1 receptor antagonist (IL-1RA) showed positive effects on left ventricular 
ejection fraction (LVEF) and infarct size in a murine ischemia reperfusion model (Figure 
1)15. IL-1 receptor 1 knockout mice (IL-1R1, one of the receptors of the IL-1R superfam-
ily) undergoing permanent coronary artery ligation had larger infarct size compared 
to controls16. This aligns well with the observation that genetically engineered rat 
overexpressing IL-1RA in an ischemia reperfusion model had reduced infarct size and 
apoptosis17. IL-1RA overexpression in mice undergoing permanent coronary artery 
ligation had an equivalent effect on cardiac function and in the infarct-remote zone col-
lagen expression was reduced, suggesting involvement of IL-1 in cardiac fibrosis18. Both 
pre- and post-treatment with IL-1RA have been reported to exert beneficial effects on 
cardiac function, dimensions and infarct size after permanent coronary artery ligation 
and ischemia reperfusion in mice and rats. Anakinra (recombinant human IL-1RA inhibi-
tor) treatment initiated in the first weeks after permanent coronary artery ligation also 
resulted in improved left ventricular (LV) dimensions and fractional shortening (FS)19. 
These findings have been replicated in a comparable study with immediate and delayed 
treatment of Anakinra causing a reduction in infarct size20. IL-1 inhibition with IL-1 trap, 
also known as Rilonacept, a long-acting IL-1 inhibiting agent, was likewise successful in 
a chronic MI model. Using different dosages, less apoptosis and smaller infarct size was 
observed and LV dimensions and FS were attenuated21. Moreover, specific IL-1β inhibi-
tion after permanent coronary artery ligation led to less LV dilatation and increased FS22. 
Interestingly, in a larger chronic MI study detrimental effects have been reported with 
mice having larger infarct size, lower collagen gene expression and more ventricular 
ruptures after treatment with a similar dose of IL-1β antibody23. Taken together, there 
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appears to be evidence for both beneficial as well as detrimental effects of IL-1 inhibition 
on cardiac function and infarct size in experimental MI.

IL-6 inhibition in mice and rats
Few studies investigated the effect of activation and inhibition of interleukin-6 (IL-6) and 
its receptor. One study evaluated IL-6 receptor antagonist (MR16-1) or placebo treatment 
after permanent coronary artery ligation in mice24. FS increased, left ventricular end-
diastolic diameter (LVEDD) was smaller and the survival rate was higher than controls. 
In an opposed model using gp130 knockout mice, the IL-6 binding common receptor, 
increased IL-6 and STAT3 expression, LV dilatation, LV rupture and mortality was seen 
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figure 1. Effects of cytokine suppletion, overexpression and inhibition in myocardial infarction.
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compared to the wild-type25. The effect was attenuated with an additional genetic reduc-
tion of STAT3, suggesting the destructive mechanism behind gp130 impaired signaling 
is STAT3 dependent. Contradictory with previous studies, infarct size increased and LVEF 
decreased in a different study with mice treated with IL-6 monoclonal antibody prior 
to permanent coronary artery ligation. Neutrophil infiltration was reduced in the treat-
ment group suggesting the inflammatory response initiated by IL-6 also has functional 
and cardioprotective properties26. In addition, IL-6/soluble IL-6 receptor (sIL-6R) complex 
suppletion has reduced cardiomyocyte apoptosis and lowered the infarct area vs. area 
at risk percentage in an ischemia reperfusion model27. In conclusion, with contradictory 
findings on its inhibition illustrated by impaired cardiac function observed after pre-
treatment and opposite effects after post-treatment, IL-6 appears a difficult target for 
therapy.

TNF-α inhibition in small and large mammals 
In various ischemia reperfusion models with TNF-α inhibitor post-treatment reduced MI 
size28-30. In an ex vivo study, treatment with monoclonal TNF-α antibodies after a period of 
ischemia in isolated rat hearts showed positive effects on LV pressure, coronary flow and 
oxygen consumption31. However, TNF-α blockade had no effect when tested in adipo-
nectin knockout mice, whereas adiponectin supplementation did, suggesting the effect 
of TNF-α inhibition is adiponectin dependent29. Adiponectin itself has been shown to be 
cardioprotective in ischemia reperfusion and adiponectin blocks the pro-inflammatory 
effects of TNF-α, while elevated TNF-α can inhibit adiponectin production29. To the con-
trary, administration of low-dose TNF prior to ischemia reperfusion in isolated murine 
hearts resulted in reduced infarct size, suggestive of a potential preconditioning effect32. 
One chronic MI rat model receiving TNF-α inhibition post-treatment showed better LV 
pressures and diastolic function compared to controls33. On top of that, less leukocyte 
infiltration and increased thickness of the LV free wall in the infarct area was seen. The 
effects of TNF-α antagonists have also been evaluated in larger mammals, including 
rabbits, swine and dogs. In one rabbit study, two groups received anti-murine TNF-α 
sheep antibodies pre-treatment and in one group this was combined with short periods 
of coronary artery occlusion (ischemic preconditioning) before the main coronary artery 
procedure34. Infarct size was reduced in all treatment groups compared to controls. The 
concentration of circulating TNF-α correlated with infarct size. The authors suggested 
that ischemic preconditioning was as effective as anti-TNF-α administration in reducing 
infarct size. Anti-TNF-α treatment was again tested before permanent coronary artery 
ligation in another rabbit study and led to less necrosis, less circulating endothelial 
cells and neutralized levels of TNF-α compared to controls35. In a permanent coronary 
artery balloon occlusion model in swine inducing ventricular fibrillation, treatment with 
TNF-α inhibition resulted in survival rates almost twice as high36. In a similar study in 
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swine Infliximab treatment after induction of ventricular fibrillation and concomitant 
resuscitation was associated with higher mean arterial pressure and stroke work37. Dog 
ischemia reperfusion models TNF-α inhibition after coronary artery balloon occlusion, 
or prior to coronary artery ligation, demonstrated attenuation of infarct size38,39. Pre- and 
post-treatment with TNF-α antagonists in smaller and larger mammals reduced infarct 
size in both ischemia reperfusion and permanent myocardial ischemia models. Only two 
studies reported data on cardiac function after treatment with TNF-α antagonists and 
showed improvement of LV pressures.

CC and CXC chemokine inhibition in mice
Evasin-3 is a chemokine binding protein discovered in tick saliva. Evasin-3 binds CXCL1, 
CXCL8, and macrophage inflammatory protein-2 and inhibits neutrophil cell recruit-
ment and has been tested in experimental MI models40. In a model of in vivo and ex 
vivo coronary artery ligation lasting 30 minutes, Evasin-3 post-treatment reduced infarct 
size and reactive oxygen species levels41. The beneficial effects of post-treatment in a 
mouse ischemia reperfusion model were attributed to the prevention of neutrophil 
infiltration, which is induced by CXC chemokines. In a subsequent study, Evasin-3 and 
Evasin-4, chemokine binding proteins inhibiting CC chemokines (including CCL5 and 
CCL11), administration after inducing permanent coronary artery ligation in mice was 
associated with lower levels of CXCL1 and CCL2, less leukocyte infiltration and smaller 
infarct size42. The effect of Evasin-4 on circulating chemokine levels was accelerated and 
survival after infarction improved compared to Evasin-3. Cardiac function did not differ 
between Evasin-3 and -4 groups and controls. Interestingly, direct inhibition of CXCL1 
and receptor CXCR2 in several regimes was not successful in mice43. Only anti-CXCR2 
antibody improved LVEF and decreased infarct size when administered for a longer 
period up to 3 weeks. Inhibition of the CXCR2 and CXCR4 binding cytokine, macrophage 
migration inhibitory factor (MIF), was further tested in a genetic ischemia reperfusion 
model with chimeric mice lacking CXCR2 and wildtype mice44. Pre-treatment with anti-
MIF resulted in larger infarct size and impaired LVEF in wildtype mice and in the mice 
generated with CXCR2 lacking bone marrow derived inflammatory cells. In contrast, 
chimeric mice with CXCR2 lacking cardiomyocytes receiving anti-MIF treatment showed 
an improved LVEF compared to chimeric mice with control antibody treatment. Block-
ing MIF has detrimental effects presumably via CXCR2 cardiomyocytes as opposed to 
cardioprotective effects in CXCR2-deficient cardiomyocytes. Miller et al. investigated 
effects of genetic deletion of MIF (MIF-/-) in an ischemia reperfusion mouse model and 
observed larger infarct size compared to wildtype mice45. In conclusion, Evasin-3 and -4 
post-treatment, targeting CC and CXC chemokines, were associated with smaller infarct 
size. CXCR2 inhibition during a longer period attenuated cardiac function in experimen-
tal MI whereas contradictory findings are reported regarding inhibition of its ligand MIF.
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MCP-1 (CCL2) inhibition in mice
Anti-MCP-1 treatment in mice, administered before and after permanent coronary 
artery ligation, resulted in improved survival and reduced LVEDD and improved FS46. Ex-
tracellular matrix protein 9 concentration, involved in collagen degradation and thereby 
remodeling, was lower in the anti-MCP-1 treated group. In contrast, in transgenic MCP-1 
overexpressing mice infarct size was reduced in ischemia reperfusion experiments but 
not in permanent coronary artery ligation47. Likewise, in an ischemia reperfusion model 
with isolated hearts of MCP-1 overexpressing transgenic mice, improved LV pressures 
were observed48. Taken altogether, the effects of MCP-1 inhibition and overexpression in 
experimental MI are ambiguous.

CCL5 (RANTES) inhibition in mice
Several pharmacological and genetic knock-out studies have been undertaken to 
determine the effect of CCL5 inhibition. Mice treated with anti-CCL5 after permanent 
coronary artery ligation or ligation for 30 minutes resulted in improved LVEF and smaller 
infarct size49. A decline in infarct size was also observed in another ischemia reperfusion 
model in which mice received CCL5 antagonist prior to reperfusion50. On the other hand, 
blocking CCR5, a receptor binding CCL5 and others, in a knockout model had detrimen-
tal effects51. Though, CCL5 was not induced, which corresponds with the previous study 
suggesting CCL5 inhibition may exert its effects via CCR1 and not via de CCR5 receptor50. 
The preliminary effects of CCL5 inhibition are promising but the mechanism or receptor 
of action needs to be elucidated.

IL-8 inhibition in rabbits and rats
Both genetic overexpression and inhibition of interleukin-8 (IL-8) have been studied. 
In an ischemia reperfusion model rabbits received a monoclonal antibody against IL-8 
prior to coronary artery ligation which was associated with reduced infarct size52. In a 
chronic MI model with rats, treatment with endothelial cell transfusion overexpressing 
IL-8 receptors at several hours after permanent coronary artery ligation decreased in-
farct size, inflammatory cells and improved LVEF was observed53. Thus far, experimental 
MI studies are contradictory on the effect of IL-8 inhibition and overexpression.

anticytokine therapy in MI in humans 

IL-1 inhibition 
The recombinant human IL-1RA (Anakinra) is currently registered for the treatment of 
rheumatoid arthritis. Two pilot studies and a phase 2 study with Anakinra have been 
performed in ST-segment elevation myocardial infarction (STEMI) patients (Table 1). 
In the pilot study VCU-ART 10 patients received Anakinra 100mg/day and showed a 
decrease in LV end-diastolic and end-systolic volume indices, compared to placebo54. 
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Details on study design and results can be found in Table 1. In a consecutive RCT, 30 
STEMI patients undergoing percutaneous coronary intervention (PCI) were treated with 
Anakinra 100mg/day or placebo during the first two weeks and the primary end point, 
left ventricular end-systolic volume index, did not differ55. A meta-analysis combining 
the data with the previous pilot study, VCU-ART, showed a lower incidence of HF symp-
toms in the Anakinra treated group54. In a further analysis including extended follow-up 
data of these patients treatment was associated with decreased incidence of new-onset 
HF diagnoses and death56. In the MRC ILA Heart Study, 182 acute non-ST-segment el-
evation myocardial infarction (NSTEMI) patients were randomized to Anakinra 100mg/
day or placebo for a period of two weeks57. No difference was found in levels of high 
sensitive C-reactive protein (hsCRP), Troponin and von Willebrandfactor one week after 
MI. In a later publication of the same author it was stated that the primary endpoint, 
hsCRP area under the curve over first 7 days, was significantly lower58. Unfortunately, 
also more major adverse cardiac events (MACE) occurred in the IL-1RA treatment group 
during 1-year follow-up. The double-blind RCT VCU-ART3 in STEMI patients is currently 
ongoing, evaluating IL-1RA treatment on CRP (Table 4).

TNF-α inhibition 
TNF-α antagonists (Infliximab, Etanercept and Adalimumab) are commonly used 
anti-inflammatory agents and inhibit TNF-α signaling by binding to its soluble receptors 
sTNFR1 and sTNFR2. Only one double-blind RCT evaluated the effect of Etanercept 10mg 
or placebo treatment in 26 acute NSTEMI patients59. Etanercept reduced neutrophil and 

Table 1. Cytokine inhibition in MI – Randomized clinical trials

Targeted 
cytokine

Main findings n, age Treatment follow-up 
period

author, year

double 
blind rCT on 
Il-1ra after 
sTeMI

+ stable LV 
function, lower 
incidence of heart 
failure

30
Mean 
age 
58.7

Anakinra 100mg/day SC 
during 14 days compared to 
placebo treatment

14 weeks Abbate A., 
201355.
VCU-ART2

double 
blind rCT 
on Il-1ra in 
nsTeMI

- no difference in 
levels of hsCRP, 
Troponin and vWF, 
IL-6 levels lower in 
placebo

182
Mean 
age 61

Anakinra 100mg/day SC 
during 14 days compared to 
placebo treatment

1 year Morton AC, 
Foley C, 
201157.

double 
blind rCT on 
Il-1ra after 
sTeMI

+ safe and 
favorably affects LV 
remodeling (higher 
LVESVI)

10
Mean 
age 
47.8

Anakinra 100mg/day SC 
during 14 days compared to 
placebo treatment

14 weeks Abbate A, 
Kontos MC, 
201054.
VCU-ART

Abbreviations: N, number; RCT, randomized clinical trial; STEMI, ST-segment elevation myocardial infarc-
tion; NSTEMI, non-ST-segment elevation myocardial infarction; LV, left ventricular; mg, milligram; SC, sub-
cutaneous; vWF, von Willebrandfactor; hsCRP, high-sensitive C-reactive protein; LVESVI, left ventricular end-
systolic volume index.
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IL-6 levels, although an increase in platelet-monocyte aggregation was seen. Cardiac 
function and infarct size were not assessed in this study, prohibiting in making a hard 
conclusion on the effects of Etanercept. An open label RCT testing Etanercept treatment 
in STEMI patients treated with PCI is currently ongoing (Table 4).

IL-6 inhibition 
Promising results have recently been reported on the effect of a single gift of Tocilizumab 
on the primary endpoint hsCRP levels in NSTEMI patients (Table 1)60. In this double-blind 
trial, Area under the curves of hsCRP and Troponin T were higher in the placebo group, 
suggesting the inflammatory response can be attenuated by Tocilizumab. Echocar-
diography at 6 months follow-up showed no difference in cardiac function between 
the groups, although the trial was not primarily powered for this endpoint. Another 
trial focusing on the MACE incidence in patients with rheumatoid arthritis treated with 
Etanercept and Tocilizumab is ongoing (Table 4).

anticytokine therapy in experimental Hf models

IL-1 inhibition in mice
Only limited data is available on IL-1 inhibition in HF. One experimental model induced 
HF by injecting IL-1β (3µg/kg) causing a significant reduction in FS. When IL-1RA 
Anakinra was administered prior to this injection, LVEF and stroke volume improved in 
Anakinra treated mice61.

TNF-α inhibition in rats and dogs
TNF-α inhibition has been evaluated in experimental HF induced by Isoproterenol or 
chronic pacing or related to an animal constitution with hypertension or diabetes. In 
one of these experimental HF models, spontaneously hypertensive and healthy rats 
underwent treatment with Etanercept (TNF-α inhibitor) or placebo during 12 weeks62. 
Spontaneously hypertensive rats were suggested to display an early stage of HF with 
increased relative wall thickness and heart weight. After 12 weeks, FS did not differ, 
although relative wall thickness decreased and cardiac reserve increased compared 
to controls. Furthermore, TNF-α expression was not affected and blood pressure was 
increased only in the Etanercept treatment group. In healthy rats, Etanercept resulted 
in increased levels of β-1-adrenergic receptor mRNA expression, suggesting a positive 
inotropic effect. These findings indicate that anti-TNF-α treatment is ineffective and may 
even aggravate HF. In a different HF model with diabetic rats associated with enlarged 
thinned left ventricles with impaired LV function, no long-term beneficial effects within 
the context of cardiac function and remodeling were seen with Etanercept63. Etanercept 
treatment was studied yet in another HF model with Isoproterenol64. A single injection 
of Isoproterenol, a systemic β-adrenergic receptor agonist, is associated with myocardial 
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damage and numerous other characteristics resembling HF65. FS and LV dilatation was 
indeed ameliorated in rats receiving Etanercept. Noteworthy, not TNF-α levels, but IL-1β 
levels in the left ventricle were lower in the Etanercept group. In a distinct HF model 
dogs were paced chronically for four weeks and received placebo or Etanercept treat-
ment twice a week66. The chronic pacing resulted in reduced LVEF and LV dilatation. LV 
dilatation was less severe and the LVEF partially restored after Etanercept treatment. 
Also, mitochondrial respiratory chain enzyme complexes II and V in the Etanercept 
group were completely or partially restored. DNA fragments, Terminal deoxynucleotidyl 
transferase dUTP nick end labeling  (TUNEL)-positive cells and Aldehyde levels were 
normalized in the Etanercept group whereby an increase was seen in the placebo 
group. This suggested that apoptosis and mitochondrial dysfunction in this HF model 
was attenuated by Etanercept. Due to the variety of HF models used to test the effect of 
anti-TNF-α, a general conclusion is hard to make.

anticytokine therapy in Hf in humans

IL-1 inhibition in human
Few RCTs, observational and cohort studies have evaluated the effect of TNF and IL-1 
inhibition in relation to HF (Table 2 and 3). In one study, 14-day treatment with IL-1 recep-
tor antagonist Anakinra in 7 HF patients improved median peak oxygen consumption61. 
A similar treatment protocol was followed in the D-HART study, including 12 HF patients 
with preserved ejection fraction (HFpEF). Anakinra treatment led to improvement in 
peak oxygen consumption and decrease in C-reactive protein (CRP) levels67. In a double-
blind cross-over trial, 46 rheumatoid arthritis patients received 150mg Anakinra daily 
treatment for 30 days68. The echocardiographic index of LV diastolic filling pressure, 
longitudinal strain measurements and LVEF improved after treatment with Anakinra. 
However, these patients were not primarily diagnosed with HF; LVEF at baseline was 
within normal range according to current guidelines69 and for the remaining echo-
cardiographic parameters normal values are not yet available. One study reported a 
substantial improvement of cardiac function measured a few hours after single Anakinra 
injection in 80 coronary artery disease patients with on average decreased LVEF at base-
line70. In conclusion, IL-1 inhibition thus far seems a successful therapy in HF. Few HF 
studies are being performed investigating the effect of IL-1 inhibition by Anakinra and 
Canakinumab (Table 4).

TNF-α inhibition in human
Few small and larger cohort studies have focused on the potential beneficial effect of 
TNF inhibition on cardiac function and cardiovascular endpoints. In one of these cohort 
studies, 23 female rheumatoid arthritis patients without overt or latent history of HF 
underwent Infliximab treatment for 1 year and LVEF improved significantly71. As mean 
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Table 2. Cytokine inhibition in HF – (Randomized) clinical trials

Targeted 
cytokine

Main findings n, age Treatment follow-up 
period

author, year

Clinical trial on 
Il-1ra in Hf 
patients

-/+ improved 
median peak oxygen 
consumption

7
Mean age 
48

Anakinra 100mg/day SC 
during 14 days 

2 weeks Van Tassell 
BW, 201261.

double blind 
rCT crossover 
in Hfpef 
patients

+ improved peak 
oxygen consumption, 
reduction in CRP

12
Median 
age 62

Anakinra 100mg/day SC 
during 14 days or placebo 
treatment followed by 
alternative treatment

2 weeks Van Tassell 
BW, 201467.

double blind 
(r)CT on Il-1ra 
in ra patients 

+ increase in LV 
performance (E/Em, 
LongS and LongSRS)

46 
Mean age 
56

Single injection 
(randomized) and 30 
days (non-randomized) 
Anakinra 150mg SC 
treatment compared to 
Prednisolone treatment

1 month Ikonomidis I, 
201168.

double blind 
crossover 
Il-1ra trial in 
ra with Cad 
patients

+ increase in 
LVEF, improved 
LV myocardial 
deformation and 
twisting

60 
Mean age 
59.5

Single injection of 
Anakinra 100mg SC or 
placebo followed by the 
alternative treatment after 
48 hours

3 hours Ikonomidis, 
201470.

double blind 
rCT on Tnfi 
treatment in 
Hf patients

- no benefit of 
Etanercept on death/ 
HF hospitalization

2048
Mean age 
63.5

Etanercept 25mg SC 
once, twice or three times 
weekly, compared to 
placebo treatment

24 weeks Mann DL, 
200482.
RENEWAL

double blind 
rCT on Tnfi 
treatment in 
Hf patients 

- no improvement, 
possible CHF 
worsening, LVEF 
improved with 5mg/
kg

150
Mean age 
61.4

Infliximab 5mg/kg or 
10mg/kg IV at baseline, 
week 2 and week 6
follow-up 28 weeks 
compared to placebo 
treatment

28 weeks Chung ES, 
200381.
ATTACH

double blind 
rCT on Tnfi 
treatment in 
Hf patients

+ significant 
dose-dependent 
improvement in 
LV structure and 
function

47
Mean age 
55.0

Etanercept 5mg/m2, 12mg/
m2 SC twice weekly for 
3 months compared to 
placebo treatment

3 months Bozkurt B, 
200179.

Controlled 
clinical trial 
on Tnfi in CHf 
patients

+ improved 
systemic endothelial 
vasodilator capacity 

18
Mean age 
53.6

Single dose of Etanercept 
25mg SC compared to 
controls without treatment

1 week Fichtlscher-er 
S, 200197.

double blind 
rCT on Tnfi 
treatment in 
Hf patients

+ significant 
improvement of 
LVEF in 4 or 10mg/m2 
group

18
Mean age 
63.3

Single infusion of 
Etanercept 1, 4 or 10mg/
m2 IV or placebo treatment

2 weeks Deswal A, 
199980.

Abbreviations: N, number; RCT, randomized clinical trial; HF, heart failure; RA, rheumatoid arthritis; CAD, 
coronary artery disease; CHF, congestive heart failure; TNFi, TNF inhibitors; LV, left ventricular; mg, milli-
gram; m2, square meters; kg, kilogram; SC, subcutaneous; IV, intravenously; CRP, C-reactive protein; LVEF, left 
ventricular ejection fraction; Em, early diastolic mitral annulus velocity;  E, early transmitral flow velocity; 
LongS, longitudinal end-systolic strain; LongSRS, longitudinal peak systolic strain rate.
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Table 3. Cytokine inhibition and CVD – Cohort and retrospective studies

Targeted 
cytokine

Main findings n, age Treatment follow-up 
period

author, year

Cohort study 
on Tnfi in ra 
patients 

++ modest increase 
in LVEF and reduced 
biochemical HF 
markers

23
Mean age 
51.3

Infliximab 3mg/kg body 
weight per infusion every 
8 weeks

1 year Kotyla PJ, 
201271.

Cohort study 
on Tnfi in ra 
patients and 
CV events

++ reduced risk 
of non-fatal and 
fatal cardiovascular 
events

10156
Mean age 
59

TNFi treatment in person 
years of exposure

Mean 22.9 
months

Greenberg 
JD, 201177.

Cohort study 
on Tnfi in ra 
patients and 
Hf incidence

+
no increased risk of 
(worsening) HF 

2757
Mean age 
53.7

Conventional Infliximab, 
Etanercept, Adalimumab 
treatment compared to 
conventional DMARD 
treatment (n=1491)

3 years Listing J, 
200874.

Cohort study 
on Tnfi in 
elderly ra 
patients and Hf 
incidence

- increased risk HF 
hospitalization and 
exacerbation, 
TNFi treated 
patients had more 
severe RA

1002
Mean age 
73/ 77 in 
HF

At least one prescription of 
Etanercept, Infliximab and 
Adalimumab compared 
to MTX using controls 
(n=5593)

Mean 1.6/ 
1.7 years 
in HF

Setoguchi S, 
200875.

Cohort study 
on Tnfi and MI 
incidence in ra 
patients

-/+
No difference in 
MI incidence, but 
reduced incidence 
of MI in responders

10829
Mean age 
56.8

TNFi treatment of minimal 
6 months (n=8659) 
compared to DMARD 
treatment (n=2170)

Mean 18 
months

Dixon WG, 
200798.

retrospective 
study Tnfi and 
exacerbation 
of CHf

- no difference 
between CHF, but 
mortality rates 
non-significantly 
different

103
Mean age 
58.7

At least one dose of 
Infliximab, Adalimumab 
or Etanercept compared 
to RA and non-RA controls 
(n=200)

Max. 4 
years

Cole J, 
200772.

retrospective 
study on Tnfi 
and prevalence 
of Hf in ra/Cd 
patients

-/+ no significant 
increase in HF 
incidence

4018
Mean age 
RA 40/ 38

At least three prescriptions 
for Etanercept or Infliximab 
compared to controls 

15/ 21 
months

Curtis JR, 
Kramer JM, 
200773.

retrospective 
study on Tnfi 
in ra patients 
and CVd risk

+ risk of CVD lower 
in TNF blocker 
treated RA patients

983
Mean age 
58

TNFi treatment (n=531) 
compared to no TNFi 
treatment patients (n=543)

Max. 2 
years

Jacobsson LT, 
200599.

Cohort study 
on Tnfi in ra 
patients and 
Hf incidence

+ HF less common 
in TNFi treated RA 
patients 

13171 
Mean age 
61

Infliximab or Etanercept 
treatment compared to no 
TNFi treated controls

2 years Wolfe F, 
200478.

Abbreviations: N, number; TNFi, TNF inhibitors; RA, rheumatoid arthritis; CV, cardiovascular; RCT, random-
ized clinical trial; HF, heart failure; MI, myocardial infarction; CHF, congestive heart failure; CD, Crohn’s 
disease; CVD, cardiovascular disease; LVEF, left ventricular ejection fraction; mg, milligram; kg, kilogram; 
DMARD, disease-modifying antirheumatic drugs; MTX, Methotrexate.
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Table 4. Cytokine inhibition in CVD – Current trials on ClinicalTrials.gov 

Cytokine n, status study objectives author, year

anti-Il-1β 
Canakinumab
nCT01327846

10120
Active, not 
recruiting

Cardiovascular Risk Reduction Study (CANTOS) testing 
Canakinumab treatment in patients with prior MI and 
elevated hsCRP to prevent recurrent cardiovascular 
events within 36 months.

Novartis 
Pharmaceuticals 
2011100.

anti-Il-1β 
Canakinumab 
nCT01900600

16
Active, not 
recruiting

A substudy of the CANTOS trial testing Canakinumab 
treatment in patients with prior MI and elevated 
hsCRP, reduced LVEF and symptomatic HF to improve 
peak oxygen consumption at 3 months.

Abbate A, 2015101.

Il-1ra anakinra 
nCT01936844

30
Has been 
completed 

A double-blind RCT Anakinra ADHF testing Anakinra 
treatment in patients with acute decompensated HF 
to dampen the inflammatory response measured by 
CRP AUC over 3 days.

Virginia 
Commonwealth 
University, 2015102.

Il-1ra anakinra 
nCT01950299

99
Currently 
recruiting 

A double-blind RCT VCU-ART3 testing Anakinra 
treatment in patients with STEMI to evaluate acute 
phase response measured by CRP AUC over 14 days.

Abbate A, 2015103.

Il-1ra anakinra 
nCT01936909

60
Currently 
recruiting 

A double-blind RCT RED-HART testing Anakinra  
treatment in patients with decompensated heart 
failure to evaluate safety and efficacy with peak 
oxygen consumption and ventilatory efficiency.

Abbate A, 2015104.

anti-Il-1β 
Canakinumab 
nCT00995930

189
Has been 
completed

A double-blind RCT testing ACZ885 treatment in 
patients with (pre-)diabetes and atherosclerosis 
to evaluate effects on vascular function. Statistical 
analyses are not (yet) provided in the study results 
section.

Novartis 
Pharmaceuticals 
2015105.

MCP-1 
noX-e36 
nCT00976729 

72
Has been 
completed

A double-blind RCT first-in-human study NOX-E36 
reported it was safe and well tolerated and showed 
a dose-dependent reduction in peripheral blood 
monocytes with CCR2 receptors.

Landgraf G, 
2013106,107.

Pf-04634817 
nCT01098877

27
Has been 
completed

A double-blind RCT testing PF-04634817 (CCR2 and 
CCR5 antagonist) treatment to evaluate safety and 
tolerability in healthy subjects.

Pfizer, 2010108.

Il-6ra 
Tocilizumab 
nCT01491074

120
Has been 
completed

A double-blind RCT testing Tocilizumab treatment to 
evaluate the inflammatory response by hsCRP AUC 
over 56 hours in NSTEMI patients.

Gullestad L, 
2014109.

Il-6ra 
Tocilizumab 
nCT01331837

3146
Ongoing

An open-label RCT testing Etanercept and Tocilizumab 
treatment to evaluate incidence of MACE within 5 
years in RA patients.

Hoffmann-La 
Roche, 2015110.

anti-Tnf-α 
etanercept 
nCT01372930

200
Unknown

An open label RCT testing Etanercept treatment to 
evaluate incidence of MACE 30 days in STEMI patients 
treated with PCI.

Tao L., 2011111.

Biologic agents 
nCT01356758

90
Ongoing

A clinical study with Adalimumab, Etanercept, 
Infliximab and Ustekinumab treatment to evaluate risk 
of coronary artery disease as measured by coronary 
calcium score in psoriasis patients.

Hjuler KF, 2015112.

Tnfi
nCT01072058

100
Unknown

A clinical study testing TNFi treatment to evaluate 
change in cardiac function within 24 months in RA and 
Ankylosing Spondylitis patients.

Bonfá ESDO, 
2013113.
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LVEF was still within the normal range, it may be premature to extrapolate these results 
to clinical overt HF. In an observational study of 303 rheumatoid patients and controls no 
difference was found in mortality and the incidence or worsening of HF72. Results from 
a larger observational study in 4018 rheumatoid arthritis and Crohn’s disease patients 
were also neutral. The risk for HF was non-significantly increased in patients receiving 
TNF inhibition compared to non-biologicals73. In a similar neutral study 2757 rheumatoid 
arthritis patients receiving either Infliximab, Etanercept or Adalimumab were compared 
to 1491 patients receiving non-biological disease-modifying drugs (DMARDs) regarding 
the incidence or worsening of HF74. When corrected for cardiovascular disease (CVD) risk 
factors, increased incidence of HF was mainly related to disease activity scores. There was 
no significant risk related to TNF inhibition. The authors suggested that anti-TNF-α treat-
ment is rather beneficial than harmful in the context of risk on HF. One study reported 
negative effects of TNF inhibition on HF hospitalizations in 1002 rheumatoid arthritis 
elderly patients compared to 5593 Methotrexate users75. Baseline characteristics of TNF 
inhibition vs. Methotrexate users showed that patients taking TNF inhibitory drugs had 
more severe rheumatoid arthritis, indicated by higher CRP levels, more co-medication 
or injections and more comorbidities, though statistical significance was not reported. 
In addition, the study was not randomized and selection bias in TNF inhibitory drug 
prescription reserved to patients with more severe disease could have influenced the 
results. Methotrexate may also be a suboptimal control treatment; it is reported to 
reduce incidence of cardiovascular events76. In one of the larger cohort studies in 10156 
rheumatoid arthritis patients, the risk of non-fatal (MI) and fatal cardiovascular events 
was lower in the TNF inhibition group compared to patients taking DMARDs77. Positive 
effects were also observed in a study including 13171 rheumatoid arthritis and 2568 
osteoarthritis patients showing a lower HF prevalence in TNF inhibitory drug treated pa-
tients78. When pre-existing CVD was absent, there was a low risk of HF unrelated to TNF 
inhibitory therapy. However, age, sex and comorbidity differed significantly between 

Table 4. Cytokine inhibition in CVD – Current trials on ClinicalTrials.gov  (continued)

Cytokine n, status study objectives author, year

Tnfi
nCT01548768

25
Currently 
recruiting 

An open label clinical study (RHYTHM) testing TNFi 
treatment to evaluate change in cardiac function and 
structure in RA patients.

Bathon JM, 
2015114.

Abbreviations: N, number; TNFi, TNF inhibitors; MI, myocardial infarction; hsCRP, high-sensitive C-reactive 
protein; LVEF, left ventricular ejection fraction; HF, heart failure; RCT, randomized clinical trial; CRP, C-reac-
tive protein; area under the curve; CCR2, C-C chemokine receptor 2; CCR5, C-C chemokine receptor 5; NSTE-
MI, non-ST-segment elevation myocardial infarction; MACE, major adverse cardiac/cardiovascular events; 
RA, rheumatoid arthritis; STEMI, ST-segment elevation myocardial infarction; PCI, percutaneous coronary 
intervention.
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the TNF inhibitory drug and non-TNF inhibitory drug treated groups so it remains to be 
determined if TNF inhibition lowers the risk for HF in these patients.

In a RCT including 47 HF patients for safety and tolerability of Etanercept showed LVEF 
improvement in a dose-dependent manner79. In a similar double-blind RCT including 18 
HF patients, a single intravenous injection of Etanercept was associated with improve-
ment of LVEF80. In another RCT, 150 patients with HF NYHA class III-IV and LVEF≤35% 
received placebo or Infliximab treatment 5mg/kg or 10mg/kg at baseline, week 2 and 
week 681. LVEF increased in the 5mg/kg Infliximab group, but the primary endpoint, clini-
cal functional status after two weeks, did not improve. Conversely, 10mg/kg Infliximab 
treatment was associated with increased risk for HF hospitalization or death of any cause 
at 28 weeks.

To evaluate the effect of Etanercept on HF hospitalization and death, data were com-
bined of two RCTs; RECOVER and RENAISSANCE, including 1366 HF patients receiving 
placebo or Etanercept 25mg once, twice or three times a week82. Both studies were 
prematurely stopped because of a lack of benefit. Etanercept treatment did not decline 
rate of death or HF hospitalizations. The results did not change after subgroup analyses 
for NYHA class or LVEF.

In smaller RCTs TNF-α antagonists ameliorated cardiac function. However, this posi-
tive effect is absent in previously mentioned large RCTs. In high dose, TNF-α antagonists 
seem to have adverse effects on clinical outcome. To summarize, TNF-α inhibition in HF 
patients did improve cardiac function in several smaller studies and is more likely to 
have a beneficial effect on cardiovascular events in patients with rheumatoid arthritis, 
but fails to show effect in large RCTs. There are currently no large studies ongoing that 
evaluate TNF-α inhibition treatment in HF.

dIsCussIon

In a wide range of experimental animal models of MI and in various HF models cytokine 
inhibition showed promising results. Few clinical studies investigated the effects of 
anticytokine therapy in MI and HF patients. Unfortunately, the larger clinical trials to 
date have failed to show an improvement on cardiac function and outcome. Several 
explanations are thinkable to explain this failure of translation from animal studies to 
human trials. First of all, the association of cytokines with MI and HF is not completely 
elucidated. The time course of cytokine activation and elevation may appear obvious at 
first glance, however it is not clear whether, for instance, the duration of ischemia and 
the degree of successful reperfusion (or co-medication) has an impact on the inter- and 
intraindividual biochemical curves of cytokine levels. The complex pathways underlying 
cytokine activation and interactions are still only partly understood. The presence of po-



Cytokine inhibition in MI and chronic heart failure 123

tential negative feedback loops correcting hormone imbalances, such as SOCS3 inhibit-
ing IL-683, are not yet clarified for most cytokines involved in MI and HF and its presence 
and function not readily translatable from animals to humans84. Furthermore, inhibition 
of some cytokines may lead to increased expression of other cytokines62. When looking 
at effects of anticytokine therapy, levels of related cytokines should therefore also be 
taken into account.

Another complexity is that many cytokines appear to have an ambivalent role. The 
function and effects of cytokine activation could be time-dependent, as is contemplated 
for instance for IL-685. Prolonged activation and excessive cytokine production may be 
detrimental. Pro-inflammatory effects are counterbalanced by anti-inflammatory down-
stream signaling, as in case of TNF-α86,87, and selective inhibition of pro-inflammatory 
pathways is therefore challenging.

At times, effects of anticytokine therapy and cytokine overexpression were in dis-
agreement. Both anti-MCP-1 treatment46 and MCP-1 overexpression47 showed positive 
effects on cardiac function. Ischemia reperfusion and permanent coronary artery liga-
tion models might have different effects on cytokine signaling. Lower cytokine levels 
have been reported in mice undergoing ischemia reperfusion vs. permanent coronary 
artery ligation88. Hypothetically, when reperfusion is achieved, the cytokine burst is 
interrupted together with the initial inflammatory response that is associated with 
beneficial effects on myocardial healing89. Therefore, cytokine overexpression might 
have a place in ischemia reperfusion, whereas anticytokine treatment is more sensible 
in chronic MI models. Pre-treatment could also downregulate cytokine receptors and 
after a second stimulation caused by infarction cardiomyocytes may be less prone to 
cytokine activation.

In some of the studies described, inhibition of cytokines or its receptors had contradic-
tory consequences and interacting pathways involved in inhibition of each cytokine are 
as yet not cleared up. This prohibits in making a general conclusion on the responsible 
targets and potential clinical use of anticytokine therapy. Different treatment regimes 
are practiced. In experimental MI mode, timing and duration of treatment vary widely. 
This is illustrated by a model were mice received anti-MCP-1 gene therapy 3 days before 
and 14 days after coronary artery ligation46. Effective plasma concentrations of the MCP-
1 receptor binding protein are reached for 14 days after the injection, explaining the 
choice for this treatment regime. Instead of long-lasting treatment, others focused on 
pre-treatment15, or short-term post-treatment28. After initial inflammatory response in 
MI a second cytokine burst has been observed after 8 days89. Hence, the optimal time-
point to interfere with pro-inflammatory effects of cytokines might also be after the first 
week, which is barely studied in the discussed experimental MI models.

Other explanations for observed discrepancies in MI models may be the different 
design, namely ischemia reperfusion vs. permanent coronary artery ligation. Ischemia 
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reperfusion is believed to trigger a more pronounced inflammatory response90. For 
instance, contradictive findings have been reported for IL-6 and IL-8. In addition, anti-
inflammatory properties have been ascribed to IL-891. Hypothetically, anti-inflammatory 
actions by IL-6R inhibition and IL-8 overexpression may have positive effects on cardiac 
function during chronic MI while the opposite is true during ischemia reperfusion. Again 
in experimental HF a wide variety of models was used. In one study, HF was induced by 
injecting IL-1β and at the same time IL-1RA was administered61. As HF is a complicated 
disease with many underlying factors, it may be too simplistic to imitate and evaluate 
treatment in a model with addition and inhibition of a single cytokine. The dog model 
with chronic overpacing66 might be a good model for HF caused by atrium fibrillation, 
but may not account for other etiologies linked to HF. Recently, guidelines have been 
proposed to enhance similarity of experimental animal studies and human HF and 
might help in providing a structured approach for translation to humans92.

Chosen endpoints in experimental MI and HF were also disparate. In experimental 
models, applied methods and timing of the evaluation of the inflammatory response 
and cardiac remodeling were very different. To illustrate, in an ischemia reperfusion 
model the inflammatory response was studied and TNF-α, IL-1β and IL-6 were markedly 
upregulated 6 hours after MI93. The authors of this study endorsed the assessment of 
inflammatory mediators to be performed during the first three days. They also recom-
mended that assessment of dilatative remodeling should take place at least four weeks 
after MI. LV dilatation increased significantly between 1 and 4 weeks after MI reflecting 
progressive LV remodeling. In many of the previous experimental models these criteria 
for measuring LV dilatation at a later time point are not met.

Again, chosen endpoints in clinical MI and HF studies differ from each other and from 
experimental endpoints. This makes it even harder to judge if experimental findings can 
be readily translated to humans. Also, publication bias in experimental studies could 
play a part in the neutral results found in humans. In the European Society of Cardiology 
guidelines, LVEF is stated as an important prognostic parameter after MI94. However, 
surrogate endpoints, including LVEF, might not be good representatives for long-term 
outcome. In the reviewed experimental animal studies regarding anticytokine therapy 
in MI endpoints vary widely. Apart from enzymatic and functional infarct size and LVEF, 
other parameters, such as LV dilatation, LV pressures, LV mass and stroke work, are used 
to evaluate treatment effects. In the two smaller clinical MI studies positive effects of 
IL-1RA were seen on NYHA class, LV dimensions, incidence of HF and death were seen. 
In one larger study they found no effects on Troponin levels one week after NSTEMI and 
the incidence of MACE after one-year follow-up did not differ. In HF, reduced LVEF is 
generally associated with worse outcome95. In HFpEF, important predictors of HF hos-
pitalization and cardiovascular death were LV hypertrophy, increased pulmonary artery 
and LV filling pressures96. The reviewed experimental HF model evaluated effects of 
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IL-1RA and TNF inhibition on LVEF, FS, LV dilatation and stroke work. Human studies on 
anti-TNF-α inhibition mainly focused on LVEF, NYHA class, HF hospitalizations and death.

ConClusIon and fuTure PersPeCTIVes

In this review we summarize the rapidly developing field of anticytokine therapy in 
cardiovascular disease and highlighted the contradictory findings in experimental 
MI and HF compared to the neutral results in clinical studies. In various experimental 
studies inhibition of IL-1, -6, -8, MCP-1, CC chemokines, CXC chemokines and TNF-α had 
profound beneficial effects on cardiac function and outcome. On the other hand, neutral 
or even detrimental results have been reported for some (IL-1, IL-6, IL-8, MCP-1) of these 
cytokines. Ambivalence of cytokine function, differences in study designs, species, 
treatment regimes and chosen endpoints appear to hamper the successful translation 
of experimental research into clinical practice. In clinical setting, only TNF-α inhibition, 
IL-1RA and IL-6RA have been tested so far. Promising results were seen in smaller studies, 
but up until now larger RCTs showed neutral results on cardiac function and outcome. 
Several studies on TNF inhibition and IL-1RA in MI and HF are currently ongoing, among 
them the CANTOS trial. Furthermore, a MCP-1 inhibitor and a CCR2/CCR5 antagonist 
are being tested in healthy individuals and diabetes patients. IL-6RA trials are ongoing 
in (N)STEMI and rheumatoid arthritis patients. Many other anticytokine therapies with 
encouraging animal experimental data require further evaluation in humans, but the 
first clinical studies suggest this translation can be troublesome.
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aBsTraCT

Background

Interleukin-6 (IL-6) levels are upregulated in myocardial infarction. Recent data suggest 
a causal role of the IL-6 receptor (IL-6R) in coronary heart disease. We evaluated if IL-
6R blockade by a monoclonal antibody (MR16-1) prevents the heart from adverse left 
ventricular remodeling in a mouse model of ischemia-reperfusion (I/R).

Methods

CJ57/BL6 mice underwent I/R injury (left coronary artery ligation for 45 minutes) or 
sham surgery, and thereafter received MR16-1 (2mg/mouse) 5 minutes before reper-
fusion and 0.5mg/mouse weekly during four weeks, or control IgG treatment. Cardiac 
Magnetic Resonance Imaging (CMR) and hemodynamic measurements were performed 
to determine cardiac function after four weeks.

results

I/R caused left ventricular dilatation and a decrease in left ventricular ejection fraction 
(LVEF). However, LVEF was significantly lower in the MR16-1 treatment group compared 
to the IgG group (28±4% vs. 35±6%, p=0.02; sham 45±6% vs. 43±4%, respectively; 
p=NS). Cardiac relaxation (assessed by dP/dT) was not significantly different between 
the MR16-1 and IgG groups. Also, no differences were observed in histological myocar-
dial fibrosis, infarct size and myocyte hypertrophy between the groups.

Conclusion

Blockade of the IL-6R receptor by the monoclonal MR16-1 antibody for four weeks 
started directly after I/R injury did not prevent the process of cardiac remodeling in mice, 
but rather associated with a deterioration in the process of adverse cardiac remodeling.
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InTroduCTIon

Myocardial infarction (MI) results in adverse cardiac remodeling and heart failure. 
Inflammation is an important process involved in the process of cardiac remodeling 
and might provide a target of therapy1-4. Currently, no pharmacotherapy specifically 
targeting inflammation in MI is available5. The cytokine interleukin-6 (IL-6) has both 
pro- and anti-inflammatory properties in inflammatory signaling pathways of various 
diseases6. IL-6 can activate intracellular signaling cascades such as the JAK/STAT and 
PI3K pathways in neutrophils and monocytes by binding to the IL-6R receptor. The PI3K 
pathway is associated with adaptive hypertrophy and protects cardiomyocytes from 
apoptosis7,8. Membrane-bound IL-6R is present in hepatocytes and leukocytes. The 
soluble IL-6 receptor (sIL-6R) has been found in human serum and forms a complex with 
IL-6 that can activate various cells lacking the membrane bound IL-6, a process called 
transsignaling9. IL-6 transsignaling is associated with pro-inflammatory roles of IL-610. 
sIL-6R and IL-6 levels are associated with both cardiac injury and acute MI11. In acute 
coronary syndrome, high IL-6 levels were associated with reduced left ventricular ejec-
tion fraction12. In ST-segment elevation MI, IL-6 levels were higher in patients experienc-
ing cardiovascular complications. Further, the sIL-6R gradient between the aorta and 
the coronary sinus was increased suggesting that sIL-6 is bound by the infarcted heart 
and affects the signal transduction of IL-613. Recent genetic analysis using the Mendelian 
Randomization principle suggested that IL-6R signaling indeed plays a causal role in the 
development of coronary artery disease, suggesting IL-6R inhibition could be a potential 
new target in coronary artery disease14,15. In mice, the antibody MR16-1 has been found 
to inhibit IL-6R16. We hypothesize that blocking the IL-6R signaling pathway by MR16-1 in 
an experimental mouse model of myocardial ischemia-reperfusion (I/R) injury prevents 
adverse cardiac remodeling and preserves cardiac function.

MeTHods

animals

All animal procedures were performed in accordance with and approved by the Commit-
tee of Animal Experimentation of the University of Groningen. In total 36 male C57Bl6/J 
mice were obtained from Harlan (Horst, the Netherlands) at an age of eight weeks, and 
randomly divided into four groups (N=2x11 in ischemia groups, N=2x7 in sham groups). 
During the entire experiment animals had ad libitum access to normal chow and water.
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experimental protocol

Mice were anesthetized using Isoflurane gas (2.5%) and oxygen, and held on a heating 
mat of 37°C. The mice were mechanically ventilated (Harvard Minivent 845, vol: 250µl, 
freq: 180) after intubation. The heart was accessed via left thoracotomy and the pericar-
dium was removed. Ischemia was induced by ligation of the left anterior descending 
coronary artery (LAD) with a 6-0 silk suture, tied onto a small piece of polyethylene-10 
tubing to protect the myocardium for permanent ischemia after reperfusion. The suture 
was released after 60 minutes to allow reperfusion, and the muscle layer was closed 
using 5/0 prolene and the skinlayer was closed using 5/0 safil. After recovery of anaes-
thesia the mice received a single dose of the analgesic agent Buprenorphine (10µg/kg 
body weight) (Schering-Plough). Sham surgeries were identical except for the ligation 
of the LAD. Five minutes before the end of ischemic time, mice received an intravenous 
injection of 2 mg anti-mouse IL-6 receptor antibody MR16-1 (Chugai Pharmaceutical Co., 
Ltd.) or 2 mg control IgG (Jackson Immunoresearch, 012-000-003). Afterwards they were 
injected intraperitoneally once a week with a total of four injections with either 0.5 mg 
MR16-1 or 0.5 mg IgG. The specificity and blocking ability of this monoclonal antibody 
were confirmed in previous reports16,17. After four weeks, cardiac structure and function 
was evaluated by Cardiac Magnetic Resonance imaging (CMR) (9.4-Tesla, 89-mm diam-
eter magnet, 1500mT/m gradient, 400 MR system Bruker Biospin, Ettlingen, Germany).

Cardiac Magnetic Resonance imaging
Mice were anesthetized with 1.5-3 vol% Isoflurane in a 2:1 mixture of air (0.5l/min) and 
oxygen (0.25l/min) during CMR performed within 28 days after surgery. Mice were im-
aged in a vertical 9.4-Tesla, 89-mm diameter bore size scanner equipped with a 1500 
mT/m gradientset and connected to an advanced 400 MR system (Bruker BioSpin, Et-
tlingen, Germany) using a quadrature-driven birdcage coil with an inner diameter of 
3cm. Cardiac and respiration motion signals were derived from a pressure pad placed 
under the chest of the mouse and monitored by an electrocardiography (ECG) Trigger 
Unit (RAPID biomedical GmBH, Germany). Heart rate was maintained between 400-600 
beats per minute and respiration rate between 20-60 breaths per minute. ParaVision 4.0 
and IntraGate software (Bruker BioSpin GmBH, Germany) were used for cine MR acquisi-
tion and reconstruction. In the end, short-axis (oriented perpendicular to the septum) 
cardiac cine MR images were acquired. To cover the entire heart from apex to base, 7 
slices (sham) or 7-9 slices (ischemia-reperfusion) were needed, with slice thickness of 
1mm without gaps. Cardiac function analyses were performed using QMass 7.6 software 
(© 2014 Medis Medical Imaging Systems B.V., Leiden, the Netherlands). All analyses were 
performed by an experienced observer, blinded for treatment, and reviewed by a radi-
ologist. Papillary muscles were included from the blood pool with the manual method, 
which decreases intra- and inter observer variability in left ventricular (LV) volume and 
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mass18. Cardiac function parameters included left ventricular end diastolic volume 
(LVEDV), left ventricular end systolic volume (LVESV), left ventricular ejection fraction 
(LVEF), left ventricular mass (LVM) and stroke volume.

Hemodynamic measurements

Prior to sacrifice, hemodynamic measurements were performed using a PV-loop cath-
eter (SciSense, 1.2F). Hemodynamic measurements were analysed using LabChart 7 
software (version 7.2, ADinstruments, New Zealand) according to a standardized proto-
col described previously19. Pressure in the aorta and left ventricle was calculated for all 
animals. Within a week after CMR measurements blood was sampled via heart puncture. 
After heart puncture, the abdomen was opened and the mouse was perfused with 0.9% 
NaCl via the apex. Subsequently, hearts and tibia were harvested and weighed. Tissues 
were snap frozen in liquid nitrogen for molecular assays or formalin fixed for immuno-
histochemistry.

Histology

For immunohistochemical analysis, midslices of the left ventricle were fixed in 4% para-
formaldehyde for 24 hours as described20. After fixation and embedding into paraffin, 4 
µm thin slices were cut and stained with Masson trichrome staining for the analysis of 
collagen deposition. The whole left ventricle section was imaged for quantification us-
ing a microscope (Nanozoomer 2.0-HT, Hamamastu, Japan) and subsequently the Ape-
rio’s ImageScope software (ScanScope, Aperio Technologies, Vista, CA, USA) was used 
for determining the fibrotic area. The percentage of the total left ventricle with fibrosis 
was determined. To evaluate cardiomyocytes hypertrophy, cell membrane staining with 
wheat germ agglutinin–FITC (WGA-FITC) was performed and cross sectional cardiomyo-
cyte diameter was determined using an immunofluorescence microscope (Leica, DM 
4000B, Germany). An average of 50 cells were evaluated per section. The infarct size was 
determined as the ratio between the fibrotic area (µm2) and total LV area (µm2).

Plasma Il-6 determination

To determine plasma IL-6 levels, 50 µL EDTA-plasma samples from blood drawn directly 
after sacrifice of the mice were used. A mouse IL-6 Quantikine ELISA kit was used accord-
ing to the instructions of the manufacturer (R&D systems, Minneapolis, USA).

statistical analysis

Variables are presented with mean and standard deviation when distribution was 
normal. When normal distribution could not be assumed, variables are presented with 
median and interquartile range (IQR). Statistical analyses were performed using the 
one-way Analysis of Variance with the post hoc Bonferroni or the Kruskal-Wallis test 
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following the Dunn’s test for multiple comparisons under Bonferroni, when appropriate. 
All reported P values were 2-sided and P<0.05 was considered to indicate a significant 
difference between groups. When not reported in the text, P values are listed in the S1 
Table 1. Analyses were performed using STATA/IC version 13.0 (StataCorp LP, College 
Station, Texas, USA).

resulTs

general characteristics 

In total 36 mice were included in the experiment and underwent surgery. Four mice died 
during surgery before receiving any treatment. No mice died between first treatment 
and termination. One mouse in the I/R-IgG group with worse LVEF and more severe left 
ventricular (LV) dilatation than others, as seen in permanent infarction was excluded 
from further analysis during blinded evaluation of the CMR data.

Table 1. Cardiac function, LV and aortic pressures 28 days after surgery

Parameter 
 Mean ± sd/ IQr (25;75)

sham Igg I/r-Igg sham Mr16-1 I/r-Mr16-1

CMr cardiac function n=7 n=8 n=7 n=9

LVEF (%) 43 ± 4 35 ± 6† 45 ± 6 28 ± 4‡*

LVEDV (µl) 59 ± 6 75 ± 16† 60 ± 5 78 ± 10‡

LVESV (µl) 32 (31;35) 50 (42;61)† 33 (28;41) 56 (54;60)‡

Stroke volume (µl) 25 ± 3 26 ± 5 27 ± 2 21 ± 3‡

LVM (mg) 78 (75;82) 89 (84;104)† 77 (76;81) 91 (85;93)‡

Hemodynamic measures n=5-7 n=7-8 n=7 n=9

dP/dT max (mmHg/s) 8425 (8227;9099) 6506 (6065;6736)† 8940 (7771;9180) 5797 (5440;6522)‡

dP/dT min (mmHg/s) -7921 ± 1273 -6079 ± 766† -7684 ± 1245 -5102 ± 766‡

dP/dT max index (1/s) 80 ± 6 63 ± 7† 81 ± 8 62 ± 5‡

dP/dT min index (-1/s) -81 ± 14 -59 ± 6† -80 ± 12 -53 ± 6‡

Tau 6.9 ± 0.8 9.6 ± 1.1† 6.6 ± 1.5 11.0 ± 1.6‡

LV EDP (mmHg) 9 ± 2 13 ± 2† 8 ± 2 13 ± 3‡

LV ESP (mmHg) 101 (97;101) 100 (97;101) 98 (92;100) 95 (92;99)

Pmax aorta (mmHg) 109 ± 6 101 ± 4 106 ± 5 100 ± 7‡

Pmin aorta (mmHg) 75 ± 5 75 ± 3 73 ± 4 74 ± 6

† = I/R-IgG vs. sham p<0.05; ‡ = I/R-MR16-1 vs. sham p<0.05; * = I/R-MR16-1 vs. I/R-IgG p<0.05. SD = stan-
dard deviation; I/R = ischemia reperfusion; LVEF = left ventricular ejection fraction; LVEDV = left ventricular 
end diastolic volume; LVESV = left ventricular end systolic volume; LVM = left ventricular mass; dP/dT = 
delta pressure / delta time; LV EDP = left ventricular end diastolic pressure; LV ESP = left ventricular end 
systolic pressure; Pmax = maximum pressure; Pmin = minimum pressure.
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CMr and hemodynamic measurements

Ischemia-reperfusion vs. sham
Parameters of cardiac function including LVEF, LVEDV, LVESV, LVM, the rate of LV pres-
sure rise and fall (LV dP/dT min, LV dP/dT max) and LV end diastolic pressures were 
significantly impaired in the I/R groups compared to the sham groups (Table 1). When 
not reported in the text, P values are listed in the S1 Table 1 ‘P-values’. Stroke volume, 
maximum pressure in the aorta were also lower in both I/R compared to both sham 
groups (IgG groups p=0.01, MR16-1 groups p=0.04).

MR16-1 vs. IgG ischemia-reperfusion 
LVEF in the MR16-1 I/R group was significantly more reduced than in the IgG-I/R group 
(mean LVEF of 28±4% and 35±6%, respectively, p=0.02) (Table 1 & Fig 1). LV dilatation 
as indicated by LVEDV and LVESV did not differ between the I/R-IgG and I/R-MR16-1 
groups. In addition, no differences were observed between I/R groups in remaining LV 
systolic function parameters, including dP/dT max and LV diastolic function parameters, 
including LV end diastolic pressure and Tau. LV end-systolic pressures and aortic pres-
sures were also not different between the I/R-IgG and I/R-MR16-1 groups.

a B

C d

figure 1. End diastolic and end systolic contours of the left ventricle.
Effect of I/R in the MR16-1 and control IgG groups on cardiac function as measured by Cardiac Magnetic 
Resonance Imaging and visualized with mean and standard deviation; (A) Average case of the control IgG 
I/R group with end systolic and end diastolic contours, volumes and LVEF (LVESV 57 µl, LVEDV 85 µl, LVEF 
32%); (B) Average case of the MR16-1 treatment I/R group with end systolic and end diastolic contours, 
volumes and LVEF (LVESV 60 µl, LVEDV 81 µl, LVEF 26%); (C) Average case of the IgG sham group with end 
systolic and end diastolic contours, volumes and LVEF (LVESV 32 µl, LVEDV 56 µl, LVEF 43%); (D) Average 
case of the MR16-1 sham group with end systolic and end diastolic contours, volumes and LVEF (LVESV 33 
µl, LVEDV 60 µl, LVEF 44%).
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Organ weights and histology
Within the two sham surgery groups, heart weights, corrected for tibia length, were 
similar (Table 2). Mice in the I/R-MR16-1 group had a lower body weight compared to 
mice in the sham group (p=0.003). Furthermore, LV weight corrected for tibia length was 
increased in the ischemia groups compared to mice in the sham groups (p≤0.03). There 
were no significant differences in organ weights between the I/R-MR16-1 and I/R-IgG 
groups. Masson staining and myocyte cell size measurements were performed to assess 
the area of infarct, severity of myocardial fibrosis and cellular hypertrophy. Infarct size 
did not differ between the I/R-IgG and I/R-MR16-1 groups. The percentage of fibrosis was 
higher in the I/R groups compared to the sham groups (approximately 2-fold increase) 
although myocyte cell size did not significantly change (Table 2 & Fig 2). No differences 
in either fibrosis or cell size were observed between the I/R-IgG and I/R-MR16-1 groups.

Table 2. Organ weights and histology 28 days after surgery

Parameter 
Mean ± sd/ IQr (25;75)

sham Igg I/r Igg sham Mr16-1 I/r Mr16-1

organ weights n=7 n=8 n=7 n=9

Body weight (g) 28.4 ± 1.0 27.1 ± 1.0 28.0 ± 1.3 26.6 ± 1.0‡

Tibia length (mm) 18.2 ± 0.3 18.2 ± 0.5 18.5 ± 0.2 18.1 ± 0.4

Atria W/TL (mg/mm) 0.4 (0.4;0.5) 0.5 (0.5;0.6)† 0.4 (0.4;0.5) 0.5 (0.4;0.6)

Right ventricle W/TL (mg/mm) 1.4 ± 0.1 1.5 ± 0.3 1.3 ± 0.1 1.6 ± 0.2

Left ventricle W/TL (mg/mm) 6.2 (6.0;6.7) 7.1 (6.9;7.9)† 6.0 (5.6;6.2) 6.6 (6.4;6.7)‡

Histology n=6-7 n=8 n=6-7 n=8

Infarct size (per µm2) 0.01 ± 0.01 0.06 ± 0.05† 0 ± 0 0.07 ± 0.05‡

Fibrosis (%) 1.7 ± 0.4 4.6 ± 1.7† 1.4 ± 0.4 4.6 ± 3.0‡

Cell size (µm2) 17.2 ± 1.7 17.7 ± 2.2 16.7 ± 1.3 18.2 ± 1.4

† = I/R-IgG vs. sham p<0.05; ‡ = I/R-MR16-1 vs. sham p<0.05; I/R = ischemia reperfusion, W = weight, TL = 
tibia length.

a B

figure 2. Fibrosis and hypertrophy.
Effect of I/R vs. sham in the MR16-1 and IgG groups on percentage of fibrosis and cell size and visualized 
with mean and standard deviation; I/R resulted in an increase in the percentage of fibrosis, however there 
was no effect of MR16-1 vs. IgG among these groups (A); No effect on cell size was observed in all groups (B).
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IL-6 plasma levels
Previous IL-6R studies showed elevation of plasma IL-6 levels in response to IL-6R re-
ceptor blockage 21-23. To confirm the antibody blocking ability of MR16-1 at the doses 
used in this study plasma IL-6 levels were determined. As shown in S1 Fig 1 ‘IL-6 plasma 
levels in MR16-1 and IgG treated animals’, IL-6 levels were significantly higher in MR16-1 
treated animals (1.1 ± 1.2 pg/mL in sham IgG vs. 8.8 ± 4.1 pg/mL in sham MR16-1 group, 
p=0.001; and 2.2 ± 1.1 pg/mL in I/R IgG vs. 12.0 ± 3.6 pg/mL in I/R M16-1 group, p<0.001).

dIsCussIon

This is the first experimental study evaluating the effect of interleukin-6 receptor inhibi-
tion on left ventricular remodeling in a myocardial I/R model. Inhibition of IL-6R with 
MR16-1 treatment after I/R resulted in reduced systolic LV function. No differences in 
myocardial fibrosis, infarct size and hypertrophy were observed between these two 
treatment groups. Our data show that IL-6R blocking, initiated directly after MI and con-
tinued for four weeks, does not result in preserved cardiac function in this experimental 
myocardial I/R model. Our data contradict previous experimental data obtained in a 
murine model.

Differences in pathogenesis related to the chosen experimental model or dosage 
and treatment regime could have caused the discrepancies in outcome. In a previous 
study, mice were injected intraperitoneally with MR16-1 or control IgG 0.5mg/body after 
permanent coronary artery ligation24. In this study, treatment with IL-6R antibody was 
associated with improved fractional shortening and smaller LV end diastolic diameter, 
as assessed with echocardiography. Furthermore, the treatment group had a higher 
survival rate after four weeks compared to the control group (resp. 80.6% vs. 59.5%). 
We aimed at extending these findings to a more clinically relevant model, of I/R, which 
is more comparable to patients presenting with a MI and subsequently treated with 
percutaneous coronary intervention5.

Apart from differences in the study design and used mouse strain, the lack of pres-
ervation of LV function after MR16-1 treatment in our model may be related to the 
evaluation of LV function with CMR and invasive hemodynamic measurements, instead 
of assessment by echocardiography and by differences in timing of treatment (directly 
after induction of ischemia vs. five minutes before reperfusion) treatment dose (0.5 mg/
body vs. 2.0 mg/body at baseline), treatment duration (single injection vs. four-week 
long). MR16-1 treatment was associated with increased plasma IL-6 levels, a result of the 
delayed clearance from the blood after IL-6R blockade with MR16-121-23, indicating that 
our treatment regimen worked properly. Nevertheless, prolonged timing of treatment 
could have influenced the outcome. Increase of inflammatory monocytes after MI has 
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been associated with cardiac remodeling. Monocytes activated during the first four days 
after MI are said to be inflammatory, yet between day four and day eight after MI repara-
tive monocytes triggering collagen deposition are increasingly present25. In one study 
in ST-segment elevation MI (STEMI) patients evaluating early and late initiation of statin 
therapy, late initiation was associated with less anti-inflammatory effects, suggesting in-
flammation targeted therapy started early after MI is favorable26. In our study treatment 
was continued until four weeks after MI, thus inhibiting potential beneficial processes 
initiated by reparative monocytes in the later phase after MI. In our study we did not 
observe an effect on infarct size measured by area of fibrosis after 4 weeks. However, our 
study is limited by the fact that we did not include additional groups sacrificed on day 
1 after coronary artery ligation to evaluate area at risk and infarct size. Finally, MR16-1 
does not selectively block IL-6 transsignaling involving pro-inflammatory sIL-6R, but 
supposedly also blocks IL-6 classic signaling via membrane bound anti-inflammatory 
IL-6R16,27. The importance of IL-6 transsignaling is illustrated by an experimental model 
where IL-6 transsignaling was selectively blocked with the fusion protein sgp130Fc and 
resulted in regression of atherosclerosis28. Sgp130 is thought to be the natural inhibitor 
of sIL-6R10. Moreover, in a heart failure cohort soluble glycoprotein 130 (sgp130) levels 
were associated with mortality, whereas plasma IL-6 was not29. Recently, IL-6 trans-
signaling inhibition by sgp130 was put forward as a potential new treatment in heart 
failure30. On the other hand, in an I/R study, rats underwent IL-6, s-IL-6R, IL-6/sIL-6R com-
plex suppletion or control pretreatment prior to coronary artery occlusion resulted in 
reduced infarct size only in the IL-6/sIL-6R complex group31. This alternative approach of 
IL-6R complex suppletion for reduction of infarct size appears to be in accordance with 
our findings that inhibition of IL-6R is potentially harmful for cardiac function. However, 
some authors have suggested that increased IL-6/sIL-6R leads to an increase in sgp130 
levels thus controlling IL-6 transsignaling30. In humans, the IL-6R can be blocked with 
Tocilizumab, a FDA approved drug for the treatment of several inflammatory diseases, 
including rheumatoid arthritis32. Recently, a trial has been published evaluating the ef-
fect of a single gift of Tocilizumab on high sensitivity C-reactive protein (hs-CRP) area 
under the curve in patients with non-STEMI33. The levels of hs-CRP were indeed more 
than twice as high in the placebo compared to the treatment group. This suggests the 
inflammatory response in non-STEMI can be attenuated by Tocilizumab. In spite of that, 
it did not translate into an improvement of LVEF or LV dimensions after 6 months of 
follow-up. Future clinical trials studying the effect of Tocilizumab in MI should consider 
to opt for cardiac function as primary endpoint. This could answer the question whether 
Tocilizumab is able to prevent adverse cardiac remodeling by attenuating the inflam-
matory response. Apart from that, further studies should evaluate whether preservation 
of cardiac function after MI might be achieved only by focusing on selective IL-6 trans-
signaling inhibition targets.
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ConClusIon 

IL-6R inhibition by MR-16 antibody treatment for four weeks after I/R reduced LV func-
tion in an experimental mouse model. This suggests that acute, continuous blockade 
of the IL-6R pathway might have a potentially negative effect on cardiac remodeling 
after MI. Our study cannot exclude a potential beneficial effect of IL-6R inhibition when 
administered in the early period after MI. In addition, the role of IL-6R inhibition in the 
development and progression of atherosclerosis cannot be deducted from our data.
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supplementary Table 1. P-values

Parameter Mr16-1 sham vs. 
Igg sham (p)

 I/r-Igg vs. sham 
(p)

I/r-Mr16-1 vs. 
sham (p)

I/r-Mr16-1 vs.
I/r-Igg (p)

LVEF (%) 1.000 0.001 <0.001 0.020

LVEDV (µl) 1.000 0.007 0.001 1.00

LVESV (µl) 1.000 0.018 <0.001 0.389

Stroke volume (µl) 1.000 1.000 0.012 0.062

LV mass (mg) 1.000 0.007 0.005 1.000

dP/dT max 1.000 0.005 <0.001 0.634

dP/dT min 1.000 0.003 <0.001 0.196

dP/dT max index 1.000 <0.001 <0.001 1.000

dP/dT min index 1.000 <0.001 <0.001 0.527

Tau 1.000 <0.001 <0.001 0.131

LV EDP 0.990 <0.001 <0.001 1.000

LV ESP 0.337 0.992 0.639 0.400

Pmax aorta 0.734 0.066 0.006 1.000

Pmin aorta 0.940 1.000 1.000 1.000

Body weight 1.000 0.080 0.003 0.859

Tibia length 0.581 1.000 1.000 0.439

Atria/LT 0.976 0.023 0.225 0.516

RV/LT 1.000 0.198 0.147 1.000

LV/LT 0.400 <0.001 0.030 0.373

Infarct size per µm2 1.000 0.008 0.002 1.000

Fibrosis (%) 1.000 0.002 0.003 1.000

Cell size (µm2) 1.000 0.940 0.330 1.000
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dIsCussIon

Central in this thesis was the aim to contribute in reducing the burden caused by acute 
myocardial infarction. I first studied the factors related to the occurrence of myocar-
dial infarction in the general population. An epidemiologic insight in the prevalence 
of cardiovascular disease and the shortcomings in primary prevention is provided. 
Furthermore, I studied factors that predict left ventricular dysfunction and outcome 
after myocardial infarction. Finally, I focused on potential novel strategies to improve 
outcome.

ParT I

The burden of cardiovascular disease and its (untreated) risk factors in the northern part 
of the Netherlands is very high as shown in Chapter 2. Almost 3 out of 4 participants 
had one or more cardiovascular risk factors and 9% of participants under 65 years of age 
vs. 28% of participants aged 65 years and over had one or more cardiovascular diseases. 
These prevalences represent the burden of cardiovascular disease in the Netherlands 
and are generally in line with reports of the World Health Organization on the Nether-
lands1. Apart from atrial fibrillation, the prevalence of myocardial infarction and heart 
failure is somewhat lower than reported for the American population as reported by the 
American Heart Association heart disease and stroke statistics2. The substantial propor-
tion of persons with untreated cardiovascular risk factors is not new3 and even when 
patients receive drug treatment such as statins for hypercholesterolemia, only half of 
them achieve the treatment goals4. Adherence to guidelines is important to manage 
modifiable risk factors. Increasing knowledge on modifiable risk factors of cardiovascu-
lar disease in the past decades has not led to a decrease in risky behaviour. To the con-
trary, the current Western diet and the decline in physical work do not promote healthy 
lifestyle. We have not learned enough yet or health campaigns were not in the position 
to influence people to change lifestyle. There are some signs that more imperative 
health programmes could be effective. To illustrate, the Netherlands lacks an integral 
multi-sectorial national strategy and programme for the discouragement of smoking. 
In 2005, the Netherlands signed the WHO Framework Convention on Tobacco Control 
(FCTC) pursuing a smokefree society, but a lot of obligations set by the FCTC are still not 
met. In the United States, a governmental health programme, the Office on Smoking 
and Health, actively discourages smoking. Smoking rates are much lower in the United 
States than as found in our study in the northern part of the Netherlands2. This suggests 
that the United States with their state-based public health programs were way more 
effective in preventing smoking and tobacco use and reducing current smoking rates 
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than the Netherlands. Initiatives by the Dutch government should be undertaken to 
tackle these smoking rates, not only for the individual’s health, but also in light of the 
increased economic burden of health care expenditures5,6. Perhaps a more aggressive 
strategy is needed, with even higher taxes and where each (general) physicians warns 
smokers about the disastrous health effects of smoking and actively promotes stop 
smoking programs. In the United Kingdom sugar tax has been introduced recently7. As 
sugar consumption is linked to obesity and cardiovascular risk factors8, the tax on soft 
drinks is supposed to reduce obesity, which, at the population risk level, is seen as ‘the 
new smoking’. Opponents bring up that the sugar tax is an example of a nanny state 
going too far and the notion that the beverage one drinks is not of the government’s 
concern. The public debate is still ongoing and the long-term effects of sugar tax on 
health are as of yet unknown.

Primary prevention and early detection of patients at risk has also partially failed in 
younger persons and women with unrecognized myocardial infarction as shown in 
Chapter 3. This was studied in 152,180 participants of the LifeLines Cohort study of 
whom an electrocardiography was collected. Unrecognized myocardial infarction was 
defined as electrocardiographic signs corresponding with myocardial infarction and 
no history of myocardial infarction reported by the participant. Although this is not a 
perfect technique, worrisome is that we estimated that one out of three myocardial 
infarctions were unrecognized and observed that it was independently associated with 
increased mortality risk. With the chosen method to determine myocardial infarction 
this might lead to underreporting rather than being unrecognized9. However, also in 
other studies high numbers of unrecognized myocardial infarction are reported10-12. 
In our study, similar risk factors were associated with unrecognized and recognized 
myocardial infarction suggesting shared etiology. The high number of unrecognized 
MI, especially in young people, is bothersome. When patients present with unexplained 
chest pain, the simple exclusion of myocardial infarction by electrocardiography and 
(hs) Troponin T should be handled and promoted, as consequences can be severe. With 
a systematic risk assessment in intermediate to high-risk patients groups including 
youngsters and women the proportion of unrecognized myocardial infarction might 
be reduced. Recently, in a systematic review the benefit of systematic screening-like 
programmes for the primary prevention of cardiovascular disease over opportunistic 
risk assessment was evaluated13. Screening in primary care settings seemed to have no 
effect on (cardiovascular) mortality, coronary heart disease, and stroke, but only limited 
data was available. Several systematic risk assessment programmes are initiated such 
as the Risk Or Benefit IN Screening for CArdiovascular disease (ROBINSCA) study13. In 
this study, participants are divided into three groups and undergo either classical risk 
screening with the Systematic COronary Risk Evaluation (SCORE) model (lipids and 
blood pressure), screening with coronary artery calcification measurement assessed 
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by computed tomography (CT) or usual care. We have to await the results of initiatives 
focused on early detection of cardiovascular disease and consider the cost-effectiveness 
and effects on outcome, before implementation in clinical practice.

ParT II

In the second and third part of this thesis, we focused on predictors of and targets for 
preservation of cardiac function to optimize secondary prevention after myocardial 
infarction. Currently used risk scores, such as TIMI and GRACE do not make extensive 
use of cardiac specific biomarkers14. The findings in Chapter 4 reemphasize the value 
of classical peak creatine kinase-MB (CK-MB) in the prediction of infarct size and LVEF 
after STEMI treated with primary PCI in a substudy of the Glycometabolic Intervention 
as Adjunct to Primary Coronary Intervention in the ST-Segment Elevation Myocardial 
Infarction (GIPS-III) trial. LVEF is guidance to start intensified treatment with aldosterone 
antagonists after STEMI15 and is associated with in-hospital morbidity16 and long-term 
outcome17. Many biomarkers and angiographic factors during STEMI hospitalization 
have been associated with infarct size and LVEF, but in our study peak CK-MB appeared to 
be the strongest predictor. On top of the strong predictive value for infarct size and LVEF, 
provided peak CK-MB cutpoints were associated with mortality. The additional value 
of other factors was limited as shown by the multivariable models. Though, as showed 
in the supplement, differentiation between moderate and large infarct size the area 
under the curve is much higher for the model (0.95) compared to CK-MB alone (0.82), 
suggesting other parameters start to matter when infarct size is large. The infarct size 
model consisted of merely biomarkers and angiographic characteristics, namely peak 
CK-MB, peak Troponin T, myocardial blush grade, Thrombolysis In Myocardial Infarction 
flow pre-PCI and infarct related artery. The GIPS-III study focused on STEMI treated with 
primary PCI and excludes patients with diabetes, so it remains unknown if these patient 
characteristics could further improve the models. Future multimarker studies should not 
only focus on novel and perhaps more expensive biomarkers during admission, but also 
cheap and easily measurable CK-MB levels during STEMI hospitalization for adequate 
risk assessment.

Besides the important prognostic parameter LVEF, novel modes to evaluate left 
ventricular function are currently emerging. Echocardiographic strain is a relatively new 
cardiac imaging modality to assess left ventricular function through deformation and 
GLSS was previously associated with infarct size, left ventricular remodeling and adverse 
outcome18-24. In Chapter 5 determinants of global longitudinal systolic strain (GLSS) were 
studied and indeed higher peak CK-MB was associated with impaired GLSS. In our study 
we showed that cardiac biomarkers, infarct related artery, and angiographic parameters 
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of myocardial damage were significant determinants of GLSS in STEMI patients included 
in the GIPS-III trial. Furthermore, GLSS correlated well with LVEF and infarct size. These 
findings delineate that (extent of ) myocardial injury directly affects GLSS and that it is 
a sensitive measure to detect left ventricular dysfunction after STEMI. Increase in heart 
rate during echocardiography had a negative effect on GLSS and should be indexed 
for when applied in clinical practice. Change in GLSS over time was mainly determined 
by infarct-related artery. When studying the association between strain parameters 
and outcome in STEMI, a more case-specific strategy would help. As the left anterior 
descending artery (LAD) provides for the main blood supply of the left ventricle, study-
ing GLSS in the left ventricle makes sense in case LAD was the infarct-related artery. 
But for other cases, such as right coronary artery infarctions, focus on GLSS in the right 
ventricle might also be interesting. Moreover, the atrial and ventricular interplay and 
their combined effect on GLSS deserves to be studied in further depth. In conclusion, 
GLSS could provide incremental information on the recovery of left ventricular function 
after STEMI and its value in clinical practice should be studied further in the future.

ParT III

To further improve outcome and prevent cardiac dysfunction after myocardial infarction 
we evaluated several therapies targeted at metabolism, under which metformin, and in-
flammation. During a period of ischemia, aerobic cell metabolism dependent processes 
are depleted which leads to activation of necrotic and apoptotic mechanisms25. In the 
reperfusion phase, the generated reactive oxygen species and other pro-inflammatory 
infiltrates are thought to contribute to the ischemia reperfusion injury. Metformin is 
thought to be cardioprotective in the setting of myocardial infarction, partly by acting 
positively on the cell metabolism. In Chapter 6 we reported the effects of 4 months 
metformin treatment on long-term outcome of STEMI patients included in the GIPS-III 
trial. The total incidence of MACE during 2-year follow-up was relatively low (4.5%), and 
did not differ between patients treated with metformin compared to placebo. The study 
might be underpowered to make a definite conclusion of long-term effects of metfor-
min, although (together with the previous findings of the GIPS-III) it seems unlikely that 
metformin treatment in STEMI patients without diabetes will be able to further benefit 
outcome. Several arguments can be brought up about the timing and duration of met-
formin administration and the fact that the study was not primarily powered to detect 
changes in MACE. One of my major concerns is that metformin given directly after or 
during reperfusion could have led to different results. In positive animal experimental 
studies, metformin was mainly given during or prior to reperfusion26. Some of the cardio-
protective effects attributed to metformin are improvement of mitochondrial function, 
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decreased cellular vulnerability under ischemic circumstances, improvement of sodium 
pump activity associated with decreased intracellular calcium levels, antifibrotic effects 
and positive effects on glucose utilization in the heart27. Considering these mechanisms 
of action one could conclude that metformin is most effective when given immediately 
after or even before reperfusion. Furthermore, due to medication already administered 
before hospital admission in a select group of patients the reperfusion may have well 
been achieved way before the PCI procedure. Also, the delay in activity caused by the 
time to maximum concentration of 2.5 hours may have impeded the prevention of myo-
cardial (reperfusion) injury. With a substantial part of patients developing new-onset 
diabetes, this trial however does highlight the high prevalence of untreated risk factors 
in patients with myocardial infarction. In the search for new therapies and drug treat-
ments we might forget how important it is to maintain the quality of standard care and 
to keep promoting obvious ways of secondary prevention such as lifestyle changes. In a 
study including patients with acute coronary syndrome both quitting smoking, diet and 
exercise changes were associated with a risk reduction of 41% and 54% respectively on 
the incidence of future cardiovascular events28. Accomplishing these durable interven-
tions with intensified lifestyle changing programs may be an important step in further 
optimizing secondary prevention after myocardial infarction.

Up until now, no specific therapy targeted at inflammation is practiced in the treat-
ment of myocardial infarction29. Inflammation is thought to play an important role in the 
development of cardiac remodeling after myocardial infarction30. Higher concentrations 
of inflammatory markers are found in myocardial infarction and heart failure and as-
sociated with increased risk of cardiac remodeling31-33. To prioritize future interventional 
trials targeting inflammation we reviewed experimental and clinical studies on cytokine 
inhibition and studied the effect of interleukin-6 receptor blockade on the preservation 
of left ventricular function in an experimental ischemia reperfusion model. Chapter 7 
gives an overview of different cytokine inhibiting therapies evaluated in the setting of 
myocardial infarction and heart failure. Many promising results in preclinical studies 
have been reported, but this did not translate into positive findings in larger clinical 
trials. The troublesome translation is not exceptional and has been seen previously in 
other research fields, for instance regenerative therapies with stem cells. Apart from the 
complexity of cytokine activation and effects of its inhibition, study design was thought 
to play an important role in the diversity and inconsistency of results. In case of experi-
mental myocardial infarction, two main models, permanent coronary artery ligation and 
ischemia reperfusion, have been used in the reported studies. However, animal models 
that align better to the pathologic process of coronary artery disease in human have 
already been developed, such as models of vulnerable plaque rupture, either spontane-
ous or induced34. Methodically, many other factors such as different strains and different 
treatment regimens can explain inconsistency of results. Since the publication of the 



158 Chapter 9

Animal Research: Reporting of In Vivo Experiments (ARRIVE) guidelines, one might ex-
pect to see improvement in experimental research in the future. Though, in a systematic 
review in acute lung injury studies evaluating stem cell therapy the completeness of 
reporting has gone up only slightly in journals endorsing these guidelines35. Animal 
study registries might overcome this problem by promoting transparency, improving 
reproducibility of animal studies and preventing publication bias36. Many hurdles are 
left to take when translating experimental research into clinical practice, but recent 
initiatives could enlighten this path.

We found of particular interest the interleukin-6 receptor (IL-6R) pathway. Elevated 
IL-6 levels are seen in myocardial infarction and associated with impaired left ven-
tricular function37,38. Furthermore, Mendelian randomization studies showed that 
IL-6R signaling played a causal role in the development of coronary artery disease39,40. 
A non-functional single nucleotide polymorphism of the IL-6R gene showed a similar 
pattern on inflammatory markers C-reactive protein and fibrinogen as patients treated 
with tocilizumab, an IL-6R inhibitor used in rheumatoid arthritis40. This polymorphism 
was also associated with decreased incidence of coronary artery disease, suggesting 
IL-6R could be a new therapeutic target. Chapter 8 focuses on the inhibition of one 
of the promising cytokines reported in chapter 7, namely interleukin-6 pathway. In an 
ischemia reperfusion model, mice received interleukin-6 receptor blockade by MR16-1 
just before reperfusion followed by a weekly treatment for a duration of 4 weeks. LVEF 
was significantly lower in the treatment group compared to the placebo group, but no 
differences were observed in the remaining functional and histological parameters. 
Intervening in the interleukin-6 pathway has been shown to be a precarious process 
and previous studies are incongruent. Contradictory to our findings, a chronic ischemia 
model with permanent coronary artery ligation showed improvement of fractional 
shortening, a parameter comparable to LVEF41. Chronic ischemia is believed to trigger a 
less pronounced inflammatory response than ischemia reperfusion42. The initial inflam-
matory response in ischemia reperfusion might be beneficial rather than detrimental. 
Another potential explanation of the study results is that MR16-1 does not selectively 
block IL-6 transsignaling associated with pro-inflammatory soluble IL-6R, but also blocks 
classic signaling of IL-6 associated with anti-inflammatory effects via membrane bound 
IL-6R. A recent trial including patients with non-STEMI concluded that the inflammatory 
response can be attenuated by IL-6R blockade with Tocilizumab43. Cardiac dysfunction 
was limited in this study population, as left ventricular function and dimensions were 
normal at baseline and treatment assignment did not affect LVEF or left ventricular 
dimensions at 6 months. The effect of attenuating the inflammatory response on cardiac 
function in patients with larger infarcts is uncertain and this needs to be addressed in 
future trials studying the effect of IL-6R blockade in the setting of myocardial infarction.
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fuTure PersPeCTIVes

As described in Part I, primary prevention of myocardial infarction and other cardiovas-
cular diseases is currently suboptimal, and new research is essential. Early detection of 
patients at risk by the population based screening study ROBINSCA, will increase our 
knowledge on the effects of cardiovascular risk assessment44. In this study, 39,000 par-
ticipants aged between 55 and 74 years old will be stratified to three groups, comparing 
no further screening with classical risk management and CT calcium scoring. Incidence 
of cardiovascular disease and mortality will be collected during 5-year follow-up. An-
other promising research initiative is the UK Biobank imaging study in which 100,000 
participants undergo (cardiac) magnetic resonance imaging45. For example, this study 
could give an unique opportunity to gain further insight in cardiac (dys)function prior 
to development of cardiovascular disease.

In Part II we reemphasized the value of classical peak CK-MB and stated that this 
marker should be involved in future risk assessment of left ventricular dysfunction and 
outcome after acute myocardial infarction. At present, use of new biomarkers includ-
ing micro-RNAs are upcoming and promising. Micro-RNAs were recently discovered as 
regulators of gene expression. To illustrate, in one study including patients with acute 
coronary syndrome, micro-RNA-221-3p approached the diagnostic discriminative value 
of Troponin for myocardial infarction46. Prospective studies are currently ongoing on 
its prognostic, diagnostic and therapeutic value47. In the second chapter of Part II, we 
found that the course of global longitudinal systolic strain in patients myocardial infarc-
tion was mainly determined by infarct-related artery. Global longitudinal strain is an 
upcoming measure of left ventricular dysfunction used in a wide field of cardiology, 
from cardiotoxicity in cancer patients to assessment of left ventricular function after 
myocardial infarction. According to one review, global longitudinal strain was superior to 
echocardiographic LVEF in predicting adverse cardiovascular events in >5,000 patients 
with myocardial infarction, valvular heart disease and heart failure48. Three-dimensional 
strain in cardiac magnetic resonance imaging is expected to be even more sensitive in 
detecting cardiac dysfunction after myocardial infarction and we await new studies.

In Part III we reported the 2-year follow-up results of metformin treatment in non-di-
abetic STEMI patients. No significant effect, neither on LVEF, nor on long-term outcome, 
was found. One large trial is currently ongoing testing daily metformin treatment in the 
prevention of cardiovascular events in >11,000 non-diabetic hyperglycemic patients49. 
Apart from metformin, theoretically intervening in the cell metabolism, we also studied 
IL-6R inhibition, a therapy targeted at inflammation, and the results were rather disap-
pointing. The ASSAIL-MI Trial is currently ongoing and studying treatment with a single 
dose of tocilizumab in STEMI patients aimed at reducing myocardial injury50.
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ConClusIon

In this thesis, we saw that primary prevention, by means of cardiovascular risk factor 
management, is being underutilized In the LifeLines Cohort study we found a high 
burden of cardiovascular disease and a high percentage of untreated cardiovascular 
risk factors. We also demonstrated that primary prevention had partially failed as il-
lustrated by the high proportion of young and female participants with unrecognized 
myocardial infarction. Second, we studied predictors of cardiac dysfunction after STEMI. 
Cardiac biomarkers including peak CK-MB and other markers of myocardial injury were 
most important in predicting left ventricular function, as measured by LVEF and global 
longitudinal systolic strain, and outcome. Third, we found no further evidence for car-
dioprotective effects of metformin and IL-6R inhibition in a clinical and experimental 
setting of myocardial ischemic injury.
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InleIdIng 

Hart- en vaatziekten is de belangrijkste doodsoorzaak wereldwijd. Bijna een derde van 
alle sterfte wordt veroorzaakt door hart- en vaatziekten. In 2012 zijn er 17.5 miljoen men-
sen gestorven aan hart- en vaatziekten, waarvan 7 miljoen aan een coronaire hartziekte. 
Door primaire preventie, zoals in de vorm van het ontmoedigen van roken en een betere 
behandeling van hart- en vaatziekten is het aantal doden de laatste jaren afgenomen. 
Echter, het aandeel in alle sterfte vergeleken met andere ziektes is juist gestegen. Mede 
door de veroudering van de samenleving is de schatting dat de absolute mortaliteit 
door hart- en vaatziekten in 2030 zal zijn toegenomen tot 23.6 miljoen doden. Een 
verbetering in de behandeling zal echter gepaard gaan met een langere periode van 
chronische ziekte, wat betekent dat ook de morbiditeit flink zal toenemen.

Coronaire hartziekte is de meest voorkomende hart- en vaatziekte en wordt onderver-
deeld in angina pectoris, hartinfarct en plotse hartdood als gevolg van kransslager ver-
nauwingen. In dit proefschrift ligt de focus op het hartinfarct. De behandeling voor een 
hartinfarct bestaat onder andere uit het opheffen van de kransslagader vernauwingen 
door een dotterbehandeling of het omleiden van de bloedtoevoer middels een bypass 
operatie. Voor de secundaire preventie is medicatie (antistollingsmiddelen, betablok-
kers, statines en ‘angiotensin converting enzyme’ remmers) van belang. Dit voorkomt 
nieuwe opnames en verlaagt de sterfte als gevolg van hart- en vaatziekten. Ondanks 
de vooruitgang die de afgelopen jaren is geboekt, komt 1 op de 5 mensen opgenomen 
met een hartinfarct binnen vijf jaar te overlijden. Om de incidentie van hartinfarct verder 
terug te brengen zullen we de primaire preventie moeten verbeteren. Een tweede uitda-
ging is het aanpakken van de morbiditeit en mortaliteit door een betere risico inschat-
ting, beter begrip van de ziekte en nieuwe behandelingen om hartfalen na hartinfarct 
te voorkomen.

doel van het proefschrift 

In een poging de primaire en secundaire preventie van hartinfarct verder te optimali-
seren hebben we het risico op hartinfarct in de bevolking geëvalueerd, met name het 
noordelijke deel van Nederland. Ten tweede hebben we getracht een beter inzicht te 
krijgen in de voorspellers van hartspier dysfunctie en slechte prognose na een hartin-
farct. Ten derde hebben we nieuwe therapieën onderzocht, in toevoeging op de huidige 
behandeling, gericht op het voorkomen van hartspier dysfunctie en het verbeteren van 
de mortaliteit en morbiditeit na een hartinfarct.
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deel I 

In deel I werden inzichten in risicofactoren van hart- en vaatziekten in de Noord-
Nederlandse bevolking behandeld. Door veranderingen in leefstijl, verouderende 
samenleving en andere factoren zal de prevalentie van hart- en vaatziekten verder 
toenemen in de nabije toekomst. Epidemiologische studies zijn essentieel om met hart- 
en vaatziekten geassocieerde determinanten als leefstijl, genetica en omgeving beter 
te begrijpen. Uit hoofdstuk 2 is op te maken dat de ziektelast van hart- en vaatziekten 
en de risicofactoren voor hart- en vaatziekten van de ca. 160.000 deelnemers aan de 
LifeLines Cohort studie enorm hoog is. Bijna 3 op de 4 deelnemers had een of meerdere 
risicofactoren. Daarnaast had 9% van de deelnemers onder de 65 jaar en 28% van de 65-
plus deelnemers een of meerdere hart- en vaatziekte(n). De prevalenties komen min of 
meer overeen met de statistieken gepubliceerd door de Wereldgezondheidsorganisatie. 
Verder is naar voren gekomen dat het merendeel van de deelnemers met een verhoogde 
bloeddruk, verhoogd cholesterol of diabetes (risicofactoren voor het krijgen van een 
hartinfarct) hiervoor niet wordt behandeld met medicijnen. Van de deelnemers met een 
≥5% 10-jaars risico op overlijden aan hart- en vaatziekten (berekend met de Systematic 
Coronary Risk Evaluation Project risicoscore) gebruikte meer dan de helft geen medi-
catie om hart- en vaatziekten te voorkomen. In hoofdstuk 3 werden deelnemers van 
hetzelfde cohort onderzocht op electrocardiografische tekenen van een doorgemaakt 
hartinfarct zonder dat dit bekend was. Wat hierbij opviel was dat de verhouding van een 
niet eerder onderkend hartinfarct vooral hoog was bij jonge individuen en vrouwen. 
Opmerkelijk was ook, dat 1 op de 4 hartinfarcten niet onderkend waren en dat dit, 
onafhankelijk van andere risicofactoren, geassocieerd was met verhoogde mortaliteit.

deel II 

Deel II richtte zich op het voorspellen van het risico op hartspier dysfunctie na een hart-
infarct. Huidig gebruikte risicoscores, zoals de TIMI en de GRACE score, maken minimaal 
gebruik van hart-specifieke biomarkers. In hoofdstuk 4 werd de piekwaarde van creatine 
kinase-MB, een van de hart-specifieke biomarkers, herbevestigd. In een substudie van 
de GIPS-III (Glycometabolic Intervention as Adjunct to Primary Coronary Intervention in 
the ST-Segment Elevation Myocardial Infarction trial) werd gekeken naar voorspellers 
van infarct grootte en linker ventrikel ejectie fractie (een maat voor de pompfunctie van 
het hart) bij patiënten met een hartinfarct, die tevens een dotterbehandeling hadden 
ondergaan. Infarct grootte en linker ventrikel ejectie fractie werden vier maanden na 
het ontstaan van het hartinfarct gemeten met een MRI (magnetic resonance imaging). 
Hart-specifieke biomarkers bleken de sterkste voorspellers, beter dan klinische patiënt- 
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kenmerken of angiografische factoren tijdens de dotterbehandeling. De toegevoegde 
waarde van deze laatste factoren was beperkt. Afkappunten van biomarkers voor 
indeling naar een klein, middelgroot tot groot infarct werden getest op verband met 
mortaliteit. Een middelgroot infarct (piek creatine kinase-MB van ≥210 U/L en <380 
U/L) was geassocieerd met een 3 keer hogere 90-dagen mortaliteit, en een groot infarct 
(piek creatine kinase-MB van ≥380) was geassocieerd met een 6,5 keer hogere sterfte 
vergeleken met een klein infarct. In hoofdstuk 5 werd gekeken naar voorspellers van 
global longitudinal systolic strain (GLSS; een recent ontwikkelde methode voor het 
meten deformatie van de hartspier als maat voor linker ventrikel functie). Ook hier 
waren hart-specifieke biomarkers weer belangrijke voorspellers van verminderde GLSS 
waarde. Deze waarde was met echo op twee tijdspunten gemeten, namelijk tijdens de 
ziekenhuisopname ten tijde van het hartinfarct en na vier maanden. Welke van de drie 
kransslagaders betrokken was bij het hartinfarct en de angiografische metingen voor 
hartschade waren tevens van belang. GLSS correleerde goed met infarct grootte en 
linker ventrikel ejectie fractie. Het beloop van de GLSS waarde vanaf ziekenhuisopname 
tot vier maanden na het hartinfarct werd met name bepaald door welke kransslagader 
betrokken was bij het hartinfarct. Wanneer de linker kransslagader (left anterior descen-
ding artery; de belangrijkste slagader voor de bloedvoorziening van de linker kamer) 
betrokken was, was de verbetering van de GLSS waarde in de eerder genoemde periode 
van vier maanden het grootst.

deel III 

In deel III werden nieuwe therapieën gericht op het terug dringen van het risico op linker 
ventrikel dysfunctie en het verbeteren van de prognose na een hartinfarct onderzocht. 
Verschillende therapieën, gericht op het metabolisme en op inflammatie, kwamen aan 
bod. In de eerder genoemde GIPS-III studie werden 380 patiënten met een hartinfarct 
vier maanden behandeld met metformine (een medicijn wat vaak voorgeschreven 
wordt bij mensen met diabetes) of met een placebo. Metformine zou volgens eerdere 
experimentele en klinische studies een beschermende werking hebben tijdens een 
hartinfarct door een mogelijk positief effect op het cel metabolisme. Het is al bekend 
dat de metformine behandeling bij patiënten die deelnamen aan de GIPS-III studie 
geen verbetering gaf van de linker ventrikel ejectie fractie vergeleken met placebo 
behandeling. In hoofdstuk 6 werden de effecten van vier maanden behandeling met 
metformine op de lange termijn, namelijk tot twee jaar na het hartinfarct, onderzocht. 
Hiervoor werd in eerste instantie gekeken naar de totale sterfte aan hart- en vaatziekten, 
het aantal nieuwe hartinfarcten en nieuwe dotterbehandelingen op de plek waar de ver-
nauwing zat tijdens het eerdere hartinfarct. De incidentie van deze gebeurtenissen tot 
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twee jaar na het infarct was relatief laag, 5%, en verschilde niet tussen de patiënten die 
een metformine behandeling hadden gehad vergeleken met de patiënten die placebo 
behandeling had gehad. De totale incidentie was echter dermate laag, dat bediscus-
sieerd kan worden of er überhaupt wel een verschil waargenomen had kunnen worden. 
Inflammatie is een andere belangrijke pijler in het herstel na een hartinfarct, waar tot op 
heden nog geen specifieke behandeling voor is. Hoge concentraties van inflammatoire 
markers, zoals cytokines, worden gevonden bij hartinfarct en bij hartfalen en zijn ook 
geassocieerd met een verhoogd risico op linker ventrikel dysfunctie. Cytokines zijn 
signaalstofjes die worden uitgescheiden op verschillende plekken in het lichaam om 
de afweer op gang te helpen. Ze zijn ook betrokken bij processen als inflammatie. In 
hoofdstuk 7 werd een overzicht gegeven van studies gedaan met cytokine remmende 
therapieën voor de behandeling van hartinfarct en hartfalen. Veel dierexperimentele 
studies leken veelbelovend, maar in grotere klinische studies kwamen de verwachte 
positieve effecten niet naar voren. Naast de complexiteit van cytokine activatie en de ef-
fecten van het remmen hiervan was de gedachte dat het ontwerp van de studies een be-
langrijke verklaring zou kunnen zijn voor de gevonden diversiteit en inconsistentie van 
de studie resultaten. Een voorbeeld is het dierexperimenteel model van een hartinfarct. 
Er bestaan twee veel toegepaste modellen, namelijk een permanent strak aangetrokken 
touwtje om de kransslagader en een tijdelijk touwtje om de kransslagader met als ge-
volg dat de bloedvoorziening wordt onderbroken. Bij mensen ontstaat een hartinfarct 
veelal door langzaam ontstane kransslagader verkalking en plaque vorming in de wand 
wat ontaardt in plaque ruptuur, stolselvorming en een acute afsluiting van het vat. 
Meer natuurgetrouwe diermodellen met plaque ruptuur, spontaan of geïnduceerd, zijn 
al ontwikkeld en zouden wellicht andere resultaten hebben gegeven. In hoofdstuk 8 
werd het remmen van een van de cytokine receptoren betrokken bij het hartinfarct, 
namelijk interleukin-6 receptor, onderzocht in een diermodel. Uit eerdere studies bleek 
dat interleukin-6 waardes verhoogd waren rondom een hartinfarct en dat de hoogte 
van deze waarde geassocieerd was met linker ventrikel dysfunctie. De muizen in het 
gebruikte diermodel met een tijdelijke touwtje om de kransslagader kregen direct na 
het losmaken van het touwtje een interleukin-6 receptor remmer toegediend en ze 
werden hiermee wekelijks behandeld tot vier weken na het infarct. Aan het eind van 
deze periode bleek dat de linker ventrikel ejectie fractie gemeten met een MRI lager was 
bij de behandelde groep dan bij de placebo behandelde groep. In de overige metingen, 
zoals infarct grootte en andere functionele en histologische kenmerken, werden geen 
verschillen gezien. Een andere vergelijkbare studie met hetzelfde middel en een per-
manent touwtje om de kransslagader vond juist positieve effecten op de pompfunctie 
van het hart. Mogelijk verklaart het verschil in diermodel deze tegenstrijdige resultaten.
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Waarde passant in dit nietige leven,

Wellicht boog u met mij over de mysteriën van het lichaam, de ziekte en de dood 
onder het genot van een kopje chai thee achter een van de cubicles van de ischemie 
kamer.

Of was u die collega vloekend achter het toetsenbord met een minder idealistische 
kijk, maar uiteindelijk wel een Nature paper schreef; of de vrouwelijke collega die dit 
geschokt aanhoorde.

Of was u een van de collega’s met wie frustraties en successen gedeeld werden tijdens 
een vrijdagmiddag borrel eindigend met cocktails en een wervelend dansen in de 
Wolter Wolthers.

Of de fijne vriend met wie romantische avonturen van beide kanten werden gevierd 
met een goed ontbijt en met zwemmen in de Nederrijn na een hardlooprondje met 
gebroken teen.

Of de andere vriend voor het leven, metgezel in een vrijgezellen bestaan, die na een 
spelletje worms met bier en een overmoedige val van de fiets nog lang in de trein zat.

Of de zorgzame vriendin die prachtige bloemen stuurde in moeilijke tijden en later 
zelf duizend rozen verdiende in een onterechte worsteling met de toekomst.

Of de lieve ouder die zonder uurloon hielp met schilderen, de houten vloer leggen 
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lieve broertje die de heg snoeide en lieve briefjes op de koelkast achterliet.

Of was u de baas op de HC kamer die een hardloopweekend op de boot organiseerde 
en 2 seconden langzamer rende, maar wel 2 minuten sneller dan de opleider.

Of de andere baas met oog voor panterprint Clarks, de eigen modieuze bril en het 
sociale aspect tussen het bespreken van zorgvuldig en met pen nagekeken artikelen 
door.

Of zat u in de commissie en nam u voor mij de tijd tussen allerlei belangrijke afspraken 
en tijdrovende zaken om naar een beeldscherm te staren en over dit proefschrift te 
oordelen.

Of was u degene die, vóór het ontstemd raken na het ontmoeten van de rokende, met 
oorbel behangen niet NL-sprekende lieve ex-partner in crime, mij de kans gaf om dit 
alles te beleven.

Mijn dank is groot, groter dan is uit te drukken in tekst.
Hopelijk vangt u het in een blik als ik u nog eens tref.

Liefs Minke
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