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Abstract

Objectives: To examine whether the distribution of traditional cardiovascular 
risk factors, or biochemical markers of subclinical damage differs among first-degree 
relatives of patients who have suffered an acute myocardial infarction and the 
population without such a history.

Methods: A cross sectional study compared 99 first-degree relatives of patients 
with myocardial infarction to a control group of 81 individuals. Anthropometric 
variables were recorded, habits, history and blood tests including glucose, lipid 
profile, high-sensitivity C reactive protein (hs-CRP), interleukin-6 (IL-6), homocysteine, 
myeloperoxidase, fibrinogen and von Willebrand factor (vWF). The cardiovascular 
risk will be determined by the Framingham, Score and Regicor schemes.

Results: Biochemical values in relatives vs controls were significantly different 
for total cholesterol (205,4±42,4 mg/dL vs 185,2±34,5 mg/dL; p<0,05), low 
density lipoprotein cholesterol (129,9±36,1 mg/dL vs 108,6±29,3 mg/dL; p<0,05), 
triglycerides (139,8±83,2 mg/dL vs 110,9±63,2 mg/dL; p<0,05) and IL-6 (5,6±7,2 
pg/dL vs 3,9±4,1 pg/dL; p<0,05). Followed biochemical parameters were 
comparable in both groups: glucose (114,7±365,9 mg/dL vs 122,7±40,4 mg/dL; ns), 
hs-CRP (1,99±1,7 mg/dL vs 1,8 ±1,6 mg/dL; ns), mieloperoxidase (1,17±0.9 IU/L 
vs 1,18±0.9 IU/L; ns) and homocysteine (15,6±7,7  µmol/dl vs 15,5±8.1 µmol/L; 
ns). The cardiovascular risk measured by the Framingham scheme in relatives was 
14,9±10,1% and 13,5±10,2% in control group (ns) whilst measured by the Score 
scheme was 2,4±2,6% and 2,6±2,3%, respectively (ns).

Conclusions: The present study highlights a worse lipid profile and proinflammatory 
markers among first-degree relatives of patients with myocardial infarction in the 
control group.

INTRODUCTION 
Cardiovascular disease (CVD) is the main cause of death and 

morbidity in most industrialized countries, representing 17.1 
millions of deaths/year and thus high costs to public health 
systems [1]. Despite the advances in the diagnosis and prevention, 
the incidence is still growing and CVD is yet one of the dominant 
causes of mortality and disability in Spain, counting around 35% 

deaths each year [2,3]. Of note, individuals with a first-degree 
relative with coronary artery disease, especially of early clinical 
presentation (before the age of 55 for male or before the age of 65 
for female relative) present greater risk of developing ischemic 
heart disease. The chance of developing CVD increases with the 
number of relatives and with the early presentation, [4] which 
leads to assume a genetic predisposition. The main difference 
between polygenic and monogenic mendelian inheritance 
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consists in that polygenetic disease is under the influence of 
multiple genes and environmental factors, but not a single gene 
[5-11]. Now on, mendelian inheritance is thought to explain 
a relatively minor fraction of familial coronary artery disease 
(CAD). It is irrefutably required to know whether or not first-
degree relative of patients suffering from an acute myocardial 
infarction (AMI) present a comparable cardiovascular risk 
distribution, in order to prevent possible cardiovascular events in 
those relatives. The purpose of the current study is to determine 
the cardiovascular risk distribution and biochemical variables 
of subclinical damage between first-degree relatives of patients 
with AMI in respect to similar population without such familial 
history. Thus, in this investigation, we aim to provide potential 
parameters for future research in the primary prevention of CVD.

MATERIAL AND METHODS
Study populations

We recruited 99 first-degree relatives of patients having 
suffered an AMI [FAMIG] and a control group [CG] (n=81). 
Age range for both groups was comprised between 50 and 75 
years old. The studied populations were obtained through non 
probability sampling (consecutive sampling), that consists on 
selecting each of the individuals that fulfil the inclusion and 
exclusion criteria [12].

Inclusion criteria for FAMIG: cohort data and blood for the 
present study were obtained contacting first-degree relatives 
of patients admitted with an AMI at the hospital (parents or 
brothers and sisters), only healthy individuals were recruited. CG 
group was defined as healthy individuals without cardiovascular 
history or any first-degree relatives with an AMI. Patients do not 
come alone to the hospital but are usually accompanied by an 
immediate family member (for instance children and other first-
degree relatives). At that point, we checked if the family members 
fulfill our recruitment strategy and asked them to be included as 
the FAMIG group (1st degree relatives).

Both groups were recruited when arriving at the centre 
(Hospital Rafael Méndez, Lorca, Murcia, Spain); all participants 
provided written informed consent. For both study groups, 
exclusion criteria included previous cardiovascular pathology 
factors or treatment that could affect biochemical variables 
(infectious and inflammatory disorders, cancer, creatinine >200 
µmol/L, steroids and hormone replacement therapy). After 
applying those criteria, two different first-degree relative groups 
were selected, with and without history of AMI. Both groups were 
sex and gender matched. Individuals included in the present 
study display all a good health-related quality of life, largely 
influenced by social and economic conditions of the cohort.

Analysed variables were age (years), gender, weight, height, 
body mass index (BMI, kg/m2), abdominal perimeter (cm), 
blood pressure (mmHg), history of hypertension, dyslipidemia, 
diabetes, smoking, exercise habits and alcohol consumption 
(regular alcohol intake is estimated about > 30 gr/day in man and 
> 15 gr/day in woman). 

Blood collection

For laboratory analysis, non-fasting peripheral venous blood 
samples were collected from all participants for routine blood 
test. Levels of glucose (mg/dL), lipids such as cholesterol (mg/
dL), HDL cholesterol (mg/dL), LDL cholesterol (mg/dL) and 
triglycerides (mg/dL) were analysed. Biochemical markers 
of oxidation: mieloperoxidase (IU/L) and anti-oxidized LDL 
autoantibodies (ox-LDL, IU/mL) were also performed. Two 
inflammatory markers were measured: high sensitivity C reactive 
protein (hs-CRP, mg/L) and interleukin 6 (IL-6, pg/mL) together 
with thrombotic markers such as fibrinogen (mg/dL), von 
Willebrand factor (vWF, IU/mL) and homocysteine (µmol/L). 

Cardiovascular risk was determined following the 
FRAMINGHAM, SCORE and REGICOR schemes [13-15]. 
Individuals recognizing to smoke daily at the recruitment and 
occasionally were considered smokers. Habitual alcohol intake is 
considered when it happens regularly (daily or weekly). Exercise 
habits are positive at least 30 min and three times per week. 
Abdominal perimeter was used to determine abdominal obesity 
(females>88 cm and males>102 cm), according to the ATPIII 
criteria [16]. Dyslipidemia was defined as total cholesterol ≥200 
mg/dL or LDL≥130 mg/dL or HDL≥40 mg/dL in males (≥46 mg/
dL in females), or triglycerides≥150 mg/dL or lower values under 
hypolipidemic treatment. 

Statistical analysis

Continuous variables were tested for normal distribution 
by the Kolmogorov-Smirnov test. Data are expressed as mean 
± standard deviation (SD) and confidence interval [CI 95%] for 
normally distributed data. Each categorical variable is expressed 
as frequency (percentage) of patients. Differences between 
groups were assessed by the unpaired t test for independent 
samples. A p-value of <0.05 was considered statistically 
significant. SPSS 15.0 software was used for statistical analyses 
(SPSS, Inc, Chicago, Illinois, USA). 

RESULTS
Concerning the gender, FAMIG presented 39.0% males whist 

CG had a 43.2%; those data were not significantly different. 
Similarly, age was also comparable for both groups: 66.2±13.2 
years old in FAMIG compared to 62±14.1 years old in CG (non 
significant).

Cardiovascular risk factors distribution

The different clinical features and biomarkers were compared 
in the two groups and summarized in Table 1 and 2. There 
were not significant differences in functional groups regarding 
baseline characteristics such as age, male sex, hypertension, 
dyslipidemia or diabetes. Smoking habits were shown higher 
in FAMIG, 34.3% [27.3-41.3] compared to 21% [14.0-28.0.8] in 
CG individuals (p<0.05). Similarly, overweight was notoriously 
raised in FAMIG compared to the other group (48,5% vs 37%, 
p<0.05). Individuals of both groups did not differed in alcohol 
intake, obesity, abdominal obesity or exercise practise (Table 1). 
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Blood pressure, anthropometric and biochemical 
variables

Body mass index, blood pressure (systolic and diastolic), 
total cholesterol, HDL, glucose and creatinine clearance were 
not found different between the two studied groups (Table 2). 
Levels of triglycerides in FAMIG were found significantly raised 
(139.8±83.2 mg/dL) when compared to CG (110.9±63.2 mg/dL) 
(p<0.05). Besides, cholesterol LDL was also higher in the FAMIG 
group, 129.9±36.1 mg/dL compared to 108.6±29.3 mg/dL in the 
CG (p<0.05) (Table 3).

Biochemical parameters of subclinical damage

Levels of antibodies against oxidized LDL were significantly 
increased in FAMIG individuals (30.9± 12.2 IU/mL) compared to 
controls (27±10.5 IU/mL) (p<0.05). Concerning inflammatory 
markers, interleukin 6 was also shown raised in FAMIG (5.6±7.2 
pg/mL) towards CG (3.9±4.1 pg/mL) (p<0.05). Analysed markers 

such as mieloperoxidase, homocysteine, hs-CRP, fibrinogen and 
vWF were not found altered in both groups (Table 4).

Cardiovascular risk through risk schemes

Both, the FAMIG and CG groups display a similar 
FRAMINGHAM coronary heart disease score (14.9± 10.1% 
vs 13.5±10.2%, ns). Besides, SCORE risk scheme found also 
comparable risk for both groups (2.4 ±2.6% vs. 2.6±2.3% ns). 
Finally, REGICOR scheme concludes that the cardiovascular risk 
for the FAMIG was 6.1±4.1% and 5.1±3.8% ns).

DISCUSSION
As people grow older they are increasingly at risk of CVD. 

Knowing the main risk factors together with the analysis of 
biomarkers of subclinical damage (inflammation, thrombogenic 
and oxidation...) are well-recognised tools in the prevention of 
CVD. Although several authors insist on 50% of CAD incurs in the 

Table 1: Clinical characteristics of the cross-sectional study (n, % and confidence interval).

FAMIG (n=99) GC (n=81) p value
Hypertension, n (%) 48 (48,5)

39,4%-57,6%
35 (43,2)
36%-50,4% ns

Diabetes, n (%) 28 (28,3)
20,3%-36,3%

24 (29,6)
22%-37,2% ns

Dyslipidemia, n (%) 57 (57,6)
50%-65,2%

46 (56,8)
48,8%-64,8% ns

Smoking, n (%) 34 (34,3)
27,3%-41,3%

17 (21)
14%-28% p<0,05

Regular Alcohol intake, n (%) 21 (21,2)
13,5%-28,9%

14 (17,3)
10,1%-24,5% Ns

Obesity (BMI ≥30 kg/m2), n (%) 28 (28,3)
19,3%-37,3%

22 (27,2)
19,8%-34,6% ns

Abdominal obesity, n (%) 61 (61,6)
53,9%-69,3%

46 (56,8)
49%-64,6% ns

Overweight (BMI 25-29,99 kg/m2), n (%) 48 (48,5)
38,4%-58,6%

30 (37)
27%-47% p<0,05

Regular Exercise, n (%) 43 (43,4)
35%-51,8%

38 (46,9)
39,1%-54,7% ns

Abbreviations: FAMIG: First-Degree Relative of Patients with AMI; GC: Individuals without AMI First-Degree Relative; ns: non significant, BMI: Body 
Mass Index.

Table 2: Anthropometric characteristics of the studied populations. 

FAMIG (n=99) GC (n=81) p value

Body mass index (Kg/m2) 28,1±5,2 29,1±4,8 ns

BP systolic (mm Hg) 130,8±17,0 128,4±14,8 ns

BP diastolic (mm Hg) 72,4±11,4 70,5±8,9 ns

Total cholesterol (mg/dL) 205,4±42,4 185,2±34,5 p<0,05

Triglycerides (mg/dL) 139,8±83,2 110,9±63,2 p<0,05

HDL cholesterol (mg/dL) 46,3±15,8 47,9±16,8 ns

LDL cholesterol (mg/dL) 129,9±36,1 108,6±29,3 p<0,05

Glucose (mg/dL) 114,7±35,9 122,7±40,4 ns

Creatinine clearance (mL/min) 83,7±25,8 84±26,9 ns
Data are presented as mean [SD] for normally distributed variables. 
Abbreviations: FAMIG: First-Degree Relative of Patients with AMI; GC: Individuals without AMI First-Degree Relative; HDL: High-Density Lipoprotein; 
LDL: Low-Density Lipoprotein; NS: Non Significant.
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Table 3: Analysed biochemical parameters of subclinical damage.

FAMIG (n=99) GC (n=81) p value

Myeloperoxidase (UI/L) 1,17±0,9 1,18±0,9 ns

Autoantibodies anti ox-LDL (UI/mL) 30,9±12,2 27±10,5 p<0,05

Interleukin 6 (pg/mL) 5,6±7,2 3,9±4,1 p<0,05

High-sensitivity CRP (mg/L) 1,99±1,7 1,8±1,6 ns

Fibrinogen (mg/dL) 375,3±99,1 390,5±97,9 ns

von Willebrand factor (UI/ml) 123,9±91,3 114,2±73,1 ns
Data are presented as mean ±SD for normally distributed variables. 
Abbreviations: FAMIG: First-Degree Relative of Patients with AMI; GC: Individuals without AMI First-Degree Relative; Ox-LDL: Oxidized Low Density 
Lipoprotein; CRP: C Reactive Protein; NS: Non Significant.

Table 4: Cardiovascular Risk analysis through different schemes: Framingham, SCORE and REGICOR. 

FAMIG (n=99) GC (n=81) p value

Framingham, (%) 14,9±10,1 13,5±10,2 ns

SCORE, (%) 2,4±2,6 2,6±2,3 ns

REGICOR,  (%) 6,1±4,1 5,1±3,8 ns
Data are presented as mean ± SD for normally distributed variables. 
Abbreviations: FAMIG: First-Degree Relative of Patients with AMI; GC: Individuals without AMI First-Degree Relative; SCORE: Systematic Coronary 
Risk Evaluation; REGICOR: Registre Gironí Del Cor; NS: Non Significant.

absence of those risk factors, [17] most of clinical studies confirm 
they are still of major importance [18-21]. Among leading CVD 
risk factors and classical biomarkers in different parental groups 
(with and without first-degree blood relative AMI); it is important 
to notice that diabetes prevalence did not show remarkable 
differences. In fact, in the present study diabetes was higher 
than in other Spanish studies for the general population (10-
12%) [19,22-24]and increases with the age [18,23]. According 
to the current literature, [17-25] the ERICE study revealed 
distinct risk factors prevalence depending on the geographic 
area distribution. Interestingly, the Mediterranean area counts of 
higher diabetes prevalence supported with raised glucose blood 
levels. Taking together diabetes becomes increasingly common 
with advancing age (>65 years old) [18] and in the current 
geographic area, which could explain these findings. The present 
study also has identified hypercholesterolemia as a possible 
factor of stronger risk. Accordingly, those frequency data were 
similar to other previous studies counting with 50-69% of 
dyslipidemia prevalence [27].

On the other hand, the present study provides additional 
evidence with respect to biochemical markers. High-sensitivity 
CRP and IL-6 have been traditionally considered as mediators 
of the inflammatory response with a similar behaviour in 
pathological conditions [28,29]. In this context, although not 
statistically significant hs-CRP was slightly increased in FAMIG, 
being those values lower when compared to values from 
published AMI patients [30,31]. The current data are in agreement 
with the absence of an acute inflammatory status and cohort 
of similar characteristics. Intriguingly, it should be mentioned 
that IL-6 values were significantly raised in individuals with a 
first-degree relative compared to the CG. Although the clinical 
importance of these changes is still unknown, an increase in IL-6 
cytokine expression in FAMIG could reflect the switch to a pro-
inflammatory condition, may play a role in the pathogenesis of 

CVD and potentially influencing worse outcomes. In fact, it is 
possible and indeed likely that proinflammatory cytokines may 
be useful markers for predicting vascular risk among apparently 
healthy individuals [32].  

Clinical research has identified the common factors 
contributing to CVD resulting in the recommendation of 
risk schemes as FRAMINGHAM, SCORE and REGICOR. Those 
guidelines already considered the family history in the chance 
of developing CVD in the next 10 years (double the CVD risk 
percentage if any CVD present in a first degree relative before age 
60). However, the above risk schemes did not found differences 
between FAMIG and CG, representing thus the absence of real 
CV risk or the presence of a hidden and silent risk. From our 
general population with no history of CVD, concentrations of 
IL-6 alone identified a group with first-degree relatives, whereas 
classic risk factors included in the traditional risk scores did not. 
These preliminary findings point out that new biomarkers might 
display an effective predictive value, not only when added to 
classic risk factors, but also alone. It is also important to notice 
that the antibodies anti-LDLox were significantly higher in the 
first degree relatives compared to the control group, which 
would undoubtedly support an increased risk of cardiovascular 
events in such group too. 

LIMITATIONS
Our study is limited by the relatively small numbers of 

patients. A higher number of relatives and controls could have 
been stratified by age and/or gender with statistical potential. 
The study is descriptive in its nature and the pathophysiological 
nature of a worse lipid profile and an inflammatory pattern would 
need to be fully established. Notwithstanding interpretative 
limitations of plasma biomarkers, the present study has found 
associations between relatives and various inflammation and 
repair biomarkers as well as association with factor risks.  
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In summary, up to date biochemical markers are used as 
complementary information of the pathophysiological status 
added to the list of traditional risk factors. However, the current 
results account for the importance of using biomarkers in the 
primary prevention of CV events, alone or in combination with 
classic risk schemes. 

CONCLUSIONS
In conclusion, we have observed that individuals with a first-

degree relative AMI patient present a worse lipid profile and 
higher pro-inflammatory status compared to controls. Despite 
that, the classic risk schemes did not define a different CV risk for 
both groups. A long-term study of such individuals would further 
assess whether IL-6 is a reliable prevention marker either 
alone or in combination with other risk factors and biomarkers. 
Moreover, whether presenting a first-degree relative AMI 
contributes to the causal progression of the disease remains to 
be established with further future studies.
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