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Fibrinogen-to-albumin ratio may be a
predictor for ascending aortic aneurysm

Mevllt Serdar Kuyumcu'™ @, Oguz Aydin'

SUMMARY

OBJECTIVE: The predictive value of the fibrinogen-to-albumin ratio has been evidenced in coronary artery disease. Available data
demonstrated that inflammation and oxidative stress are the relevant mechanisms of ascending aortic aneurysm formation and dilatation.
The fibrinogen-to-albumin ratio reflects oxidative stress and inflammation. This study investigated the correlation between fibrinogen-
to-albumin ratio and ascending aortic aneurysm.

METHODS: A total of 250 consecutive patients with ascending aortic aneurysm and 250 consecutive patients with normal ascending
aortic diameter were included in the study using comprehensive transthoracic echocardiography. All data and fibrinogen-to-albumin
ratio were compared between two groups.

RESULTS: The fibrinogen-to-albumin ratio levels were significantly higher in ascending aortic aneurysm group compared with normal
ascending aortic diameter group (p<0.001). Also, there was significantly positive correlation between the diameter of the ascending
aorta and the fibrinogen-to-albumin ratio (p<0.001).

CONCLUSION: Fibrinogen-to-albumin ratio is associated with ascending aortic aneurysm and may serve as blood marker for identifying

high-risk patients.
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INTRODUCTION

The normal diameter of the ascending aorta depends on
the age, sex, and body size of the patient. Aneurysm is a
weakening or expansion of the aorta by more than 50% of
predicted diameter"?. The most frequent cause of ascend-
ing aortic aneurysm (AAA) is cystic medial degeneration,
in which the flexible fibers present in the wall of the aorta
deteriorate and thin out the wall of the aorta and cause it to
dilate and form an aneurysm. This process usually occurs in
later decades, at about the age of 60 or 70 years. Smoking
and hypertension are also associated with aneurysm devel-
opment®. Inflammatory diseases of the aorta can be clas-
sified as a spectrum of diseases with different clinical and
histopathological definitions. The most common of these

diseases is atherosclerosis, a disease that primarily influences
the aortic intima*”.

Fibrinogen is a human serum glycoprotein consisting of three
pairs of non-superposable polypeptide series®. It is the major plasma
protein clotting factor. It is also a standard positive acute-phase
reactant protein and an independent predictor of coronary artery
disease’. It has been reported that the fibrinogen-to-albumin ratio
(FAR) may be associated with acute coronary syndrome®, end-stage
renal disease’, hypertension'?, and recurrent stroke''.

According to the reviews found in literature, the patho-
genesis of degenerative AAA could be caused by fibrinogen.
Based on this information, the aim of this study was to deter-
mine whether the diameter of the ascending aorta or AAA is
associated with FAR.
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METHODS

For the purpose of this study, the newly diagnosed AAA patients
were examined in a series from June 2014 to June 2018. Out of
421 patients in total, those who had acute and chronic hepati-
tis (n=6), Marfan syndrome (n=3), cardiomyopathies (n=16),
arrhythmias (n=12), renal dysfunction (creatinine >1.5 mg/dL;
n=21), severe aortic regurgitation (n=10), active infectious dis-
ease (n=1), malignancy (n=24), chronic obstructive pulmonary
disease (n=41), chronic inflammatory disease (n=3), and dila-
tion solely in the aortic root (n=34) were excluded from our
study. So, the remaining AAA patients (n=250) were included.
In this study, the control group comprised an equal number
of freshly diagnosed high blood pressure patients with normal
aortic sizes to the group of freshly diagnosed AAA patients
with hypertension, after age and sex matching. This study was
approved by the Ethics Committee of the University.

A total of 500 patients were included in this study. Throughout
the study, all patients underwent full transthoracic echocardio-
graphic investigation, and dimensions of the aorta were recorded
for each patient. AAA was diagnosed when the diameter of the
singular abdominal aorta was 240 mm. Before carrying out the
physical examination, the history of each patient was thoroughly
evaluated, and the medical decision utilized 12-channel ECG
results. Based on the blood pressure levels, corporally calculated
by a mercury sphygmomanometer favorable with the guidelines,
when the average value of three records (in two or four visits) for
a systolic and a diastolic blood pressure was not less than 140
and 90 mmHg, respectively, this calculated value was clinically
defined as hypertension. A glucose level of 126 mg/dL or higher,
despite continuing antidiabetic treatment or following a diabetic
diet, was evaluated as diabetes mellitus, and as diabetic predis-
position when the glucose level reached 100 mg/dL. The classi-
fication of active smokers was achieved during diagnosis, inde-
pendent of the counts of cigarettes smoked. Hyperlipidemia was
defined in patients whose total cholesterol (TC) and triglyceride
(TG) values were higher than 200 and 150 mg/dL, respectively.
The body mass index formula used was [weight (kg)/height (m?)].

For the main analyses, blood samples were obtained after
12 h of fasting to calculate the plasma glucose, high-density lipo-
protein (HDL)-cholesterol, TGs, TC, and low-density lipopro-
tein cholesterol in all patients. A Horiba hematology analyzer
was utilized for complete blood count analysis for the sam-
ples in ethylenediaminetetra acetic acid anticoagulated tubes.
An analysis was conducted to designate monocyte counts to
calculate the monocyte/HDL ratio for each patient. The hos-
pital noted 1-8% as the reference measure for minimum heart
rate. The formula of the Chronic Kidney Disease Epidemiology
Collaboration was used to estimate the glomerular filtration
rate. The nephelometric method was used to determine the
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high-sensitivity C-reactive protein (hsCRP) levels recognized
as baseline, using a Horiba analyzer.

For all the patients, the complete transthoracic assessment
was directed based on the aortic size measured through an
ACUSON SC2000 PRIME Ultrasound System with a 2.5-3.5
MHez transducer. After collected from the electronic patient reg-
istry system, the echocardiography sheets showed at least three
sequential beats, and all the view analyses were evaluated by a
specialized cardiologist. The highest intra-observer variability
coeflicient was 5%. Computed tomography was requested for
patients scheduled for surgery.

To define left ventricular ejection fraction, the modified
Simpson method was performed on an apical four-cham-
bered echocardiogram.

The structural investigation of the aortic valve was carried out
on both the parasternal long-axis and short-axis images. The inner
diameter of the aortic wall was evaluated. The aortic size was calcu-
lated from both the sinotubular junction and the sinus of Valsalva
level. The American Society of Echocardiography recommended
to measure the size of the proximal ascending aorta using M-mode
echocardiography on the parasternal long-axis image in which
the largest aortic size can be examined via a leading technique in
a vertical plane to the parasternal long axis of the aorta. AAA was

determined as an ascending aortic size of higher than 40 mm.

Statistical analysis

The results were statistically analyzed using the SPSS Statistics
Version 22.0 Software Package (SPSS Inc., Chicago, USA). The
number of patients in each group was adjusted to 250. We cal-
culated the minimum number of individuals who should be
sampled with 90% power and 0.05 Type I error as at least 46
(R 3.0.1. open source program). The primary effect variable
was determined as the FAR. The 0.1 change FAR was accepted
as clinically relevant. Standard deviation of the primary effect
variable was calculated as £0.21. The Kolmogorov—Smirnov
test was used to determine the statistical distribution patterns.
Meanztstandard deviation or percentages were used as the
descriptive statistics. Intergroup comparison was accomplished
using Mann-Whitney U test for the nonparametric data and
Student’s #test for the normally distributed or parametric data.
The 72 test was used for testing the relationships between the
categorical variables. The Pearson’s or Spearman’s correlation
test was used to evaluate the linear relationship between two
continuous variables when suitable. Stepwise multivariate lin-
ear regression analysis and univariate linear regression analysis
were used to determine the relationships between potential risk
factors and AAA size. The precondition for the multivariate
linear regression model was p<0.10. The significance level was
determined as p<0.05 for the statistical analyses.
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RESULTS

The demographic, echocardiographic, and drug use character-
istics of the patients are shown in Table 1. There was no signif-
icant difference between the groups, except for hypertension
(p=0.015). The echocardiographic features of the patients are
shown in Table 2. AAA significantly enlarged the diameters of

vena contracta of aortic regurgitation, the sinus of Valsalva,

aortic annulus diameter, sinotubular junction, arcus aorta, and
ascending aorta (for all, p<0.001).

'The laboratory parameters of the groups are shown in Table 3.
The AAA patients had significantly higher levels of hsCRP
(p<0.001), uric acid (p=0.027), and fibrinogen (p=0.004).
The albumin levels were lower (p=0.041) and the FAR was
significantly higher in the patient group.

Table 1. Clinical and demographic characteristics of the study population.

LVEF (%) 63.1£2.2 61.0£2.2 0.523
ARVC (mm) 0.8+1.0 2.4+1.0 <0.001
Aortic annulus diameter (mm) 2.19+0.21 2.30+0.37 <0.001
Sinus Valsalva diameter (mm) 3.47+0.71 4.07+0.78 <0.001
Ascending aorta diameter (mm) 3.27+0.24 4.60+1.47 <0.001
Bicuspid aortic valve, n (%) 45 (18.0) 8(3.2) <0.001

Data are given as mean+SD, n or median (interquartile range). ARVC: vena contracta width of aortic regurgitation; LVEF: left ventricular ejection fraction.

Table 2. Echocardiographic characteristics of the study population.

LVEF (%) 63.1£2.2 61.0£2.2 0.523
ARVC (mm) 0.8+1.0 2.4£1.0 <0.001
Aortic annulus diameter (mm) 2.19+0.21 2.30+0.37 <0.001
Sinus Valsalva diameter (mm) 3.4740.71 4.07+0.78 <0.001
Ascending aorta diameter (mm) 3.2710.24 4.60+1.47 <0.001
Bicuspid aortic valve, n (%) 45 (18.0) 8(3.2) <0.001

Data are given as meantSD, n or median (interquartile range). LVEF: left ventricular ejection fraction; ARVC: vena contracta width of aortic regurgitation.

Table 3. Blood parameters of the study population.

Glucose, mg/dL 113.9+42.3 109.3+37.1 0.481
Creatinine, mg/dL 1.07%£0.25 1.07+0.32 0.749
Uric Acid, mg/dl 5.51+2.37 6.71£2.67 0.027
Hemoglobin, g/dL 13.8+1.4 14.0£1.7 0.410
WBC, 103/mm3 7.8£2.4 8.1+2.4 0.343
Hs-CRP, mg/L 4.5+2.5 8.443.7 <0.001
Total cholesterol, mg/dL 188.9+42.8 181.2445.3 0.056
LDL-C, mg/dL 118.8+£33.8 112.7£45.3 0.291
HDL-C, mg/dL 47.3+10.7 47.7+12.7 0.847
Albumin (g/dL) 3.83+0.09 3.6840.14 0.041
Fibrinogen (ug/ml) 364436 467+73 0.004
Fibrinogen-to-albumin ratio 95+10 127424 <0.001

Data are given as mean+SD, n or median (interquartile range). WBC: white blood cell; Hs-CRP: high-sensitivity C-reactive protein; HDL-C: high-density
lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; MHR: monocyte — high-density lipoprotein ratio.
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The predictors (Tables 1 and 3) of AAA therapy were
determined through univariate and multiple linear regression
analyses, and the results are shown in Table 4. In the univar-
iate regression analysis, higher hypertension rate (OR 1.518;
95%CI 1.351-1.706; p=0.014), higher hsCRP levels (OR
1.041; 95%CI 1.022-1.061; p<0.001), lower albumin levels
(OR1.051;95%CI 1.008-1.087; p=0.015), higher fibrinogen
levels (OR 1.048; 95%CI 1.030-1.073; p=0.010), and higher
FAR (OR 1.201; 95%CI 1.158-1.246; p<0.001) were related
to AAA. The multiple linear regression analysis demonstrated
that higher hsCRP levels (OR 1.032; 95%CI 1.013-1.1052;
p=0.002) and higher FAR (OR 1.224; 95%CI 1.165-1.281;
p<0.001) were independent predictors of AAA.

FAR was significantly and positively correlated with the
diameter of the ascending aorta (p<0.001, r 0.928; Figure 1).

DISCUSSION

This study determined that increased FAR was associated with the
maximum diameter of the ascending aorta. Aortic aneurysm is con-
sidered as a separate degenerative process involving all layers of the
vessel wall. A wide variety of inflammatory and infective disorders
may lead to AAA. Mycobacterium tuberculosis is associated with AAA.
Fibrinogen acts a part in blood clotting, fibrinolysis, and inflam-
matory response'?. Kannel et al.”® and Stone et al.' identified that
fibrinogen is a risk factor for cardiovascular disease. Wilhelmsen
etal.” reported that fibrinogen is a risk factor for the development
of stroke and myocardial infarction. Increased fibrinogen levels are
associated with early signs of coronary artery disease in patients®.
Zhao et al.” stated that fibrinogen is associated with coronary
collateral circulation in stable coronary artery disease patients.
Serum albumin has been proven to have antioxidant activity
and anti-inflammatory effects*'®". Low serum albumin levels
are associated with ischemic heart disease, stroke, and venous
thromboembolism?. A higher FAR has been found useful in pre-
dicting the risk of atrial fibrillation>'. Ozdemir et al."® reported
that the FAR is associated with hypertensive patients who have

inflammation in the pathogenesis of the disease. Biomarkers asso-
ciated with inflammation have been identified in patients with
AAA and dissection®. Inflammatory markers, such as fibrinogen,
albumin, and CRP, have been used to predict cardiovascular risk?.

Microvascular dysfunction and inflammation are associated
with both fibrinogen elevation and AAA. In the literature, we did
not find any study investigating the relationship between the FAR
and AAA. Both AAA and FAR are associated with inflammation.

In our study, we determined that FAR was significantly
different between the groups, and higher FAR was an inde-
pendent risk factor for AAA progression. Also in the present
study, the FAR was a highly sensitive and specific indicator for
predicting the clinical class and disease severity of AAA. AAA is
a simple and easily available parameter, which does not neces-
sitate an additional expense. This costless and useful parame-
ter may provide the clinicians to predict patients with AAA,
which may cause mortality.

Our study had some limitations. This study is a retrospective

cohort study with a comparatively small sample size. We don’t

Figure 1. The correlation between fibrinogen-to-albumin

Table 4. Multivariate linear regression analysis showing the predictors for the ascending aortic dilatation.

Multivariable Beta
(95%Cl)

ratio and ascending aorta diameter.
p-value

Hypertension 1.518 (1.351-1.706) 0.014 1.477 (0.998-2.187) 0.057
Uric Acid 1.045 (0.996-1.099) 0.086

Hs-CRP 1.041 (1.022-1.061) <0.001 1.032 (1.013-1.052) 0.002
Albumin 1.051 (1.008-1.087) 0.015 1.066 (1.020-1.123) 0.076
Fibrinogen 1.048 (1.030-1.073) 0.010 1.051 (1.033-1.074) 0.055
Fibrinogen-to-albumin ratio 1.201 (1.158-1.246) <0.001 1.224 (1.165-1.281) 0.001

Hs-CRP: high-sensitivity C-reactive protein.
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have the follow-up major adverse cardiac events data. So, our

results should be confirmed by future multicenter prospective

longitudinal studies with larger sample size. Then, we gathered

only the baseline characteristics of the patients. Therefore, the

connection between the dynamic variance in the FAR and out-

comes could not be examined. Finally, this study is not a ran-

domized controlled study. Large-scale randomized controlled

10.

11.

12.

studies are still needed to further evaluate the predictive value

of FAR on the severity of AAA.
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