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Abstract:
Background: Syntax score (SS), which is an angiographic technique used in
categorizing the severity of coronary artery disease (CAD), has a significant prognosis
in coronary artery disease (CAD) and explain important information concerning the
selection of revascularization policy. C-reactive protein (CRP)
and albumin are
markers of inflammation, and high levels of them are associated with high SS.
Aim of the Work: To detect whether baseline CRP to albumin ratio (CAR), an easily
available and novel inflammatory indicator, is associated with SS in patients with
chronic coronary syndromes.
Methodology: This study was carried out on 100 patients having chronic coronary
syndromes for whom, a diagnostic coronary angiography was done at Sohag
University Cath. Lab unit in the period from January -July 2021. Patients were
divided randomly into two equal groups:
*Group I, patients having low SS (≤22).
*Group II, patients having intermediate-high SS (>22).
Results: C-Reactive Protein/Albumin Ratio was significantly higher in patients
having intermediate-high SS group (P < .0001). In multivariate regression analysis,
CAR was an independent indicator of intermediate-high SS group together with LDL.
Conclusion: CAR was more intensely related to the severity of CAD than CRP and
albumin alone and was detected to be an independent indicator for intermediate- high
SS group.
Key Words: Albumin, coronary artery disease severity, C-reactive protein, C-reactive
protein/albumin ratio, chronic coronary syndromes, syntax score.
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Introduction
Coronary artery disease (CAD), is the principal reason for deaths worldwide,
resulting in a huge economic burden on healthcare systems [1]. It is mainly due to
atherosclerosis [2]. The inflammatory process has a role in the pathogenesis of
atherosclerosis [3]. The acute phase reactants (APRs) can be used to assess the
inflammatory state. It includes, C-reactive protein (CRP) and albumin, accompanying
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the presence of CAD, its severity, and cardiovascular complications [4]. Serum
albumin has many anti-inflammatory, antioxidant properties and antiplatelet effects. It
has an important role in the fluid exchange through the vessels wall [5]. Serum
albumin level was independently related to the progress of various damaging
conditions such as coronary artery disease, heart failure, atrial fibrillation and stroke
[6]. The available data about prognosis in severe illnesses and malignancies propose
that C reactive protein/albumin ratio (CAR) reveals the balance between CRP and
albumin levels and has a significant prognosis [6]. The syntax score (SS), an
angiographic technique used to categorizing the severity of CAD, is evaluated
depending on the coronary anatomy and severity of lesions [7]. Clinical studies
revealed that SS has a significant prognosis in CAD and offers important information
concerning the selection of revascularization policy [8]. The relationship between
CAR and the severity of CAD is unknown. As CAD is an important inflammatory
disease, CAR could be related to the extent of CAD as calculated by SS [1], [9].

Methodology:
A cross-sectional study in Cath. lab unit, Internal Medicine Department, Sohag
University Hospitals, Egypt.
Patients: This study was carried out on 100 patients having a chronic coronary
syndrome, for whom, a diagnostic coronary angiography was done at Sohag
University Cath. Lab unit in the period from January -July 2021. Patients were
classified randomly into two equal groups:
*Group I, patients having low SS (≤22).
*Group II, patients having intermediate-high SS (>22).
Inclusion criteria: Patients (age more than 18 years old) with chronic coronary
syndromes.
Exclusion criteria:
•
•
•
•
•
•
•

Patients with previous history of CABG or PCI.
Syntax score = 0
Active infection.
Malignancy.
Connective tissue disorders.
Pregnancy.
Severe co-morbidities.

Procedure: All patients were subjected to:
1. Full history:
• Personal history: age and sex.
• History of the risk factor of CAD as smoking, DM and hypertension.
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• Family history of IHD.
2. Detailed clinical examination.
3. Investigations:
• Hemoglobin levels.
• Creatinine.
• Lipid profile (TC , LDL-C , HDL-C)
• Albumin.
• CRP.
• CAR was calculated by multiplying the ratio of CRP to the albumin level
by 100.
• Echocardiography

Statistical analysis
Data was manipulated using STATA version 14.2 (Stata Statistical Software: Release
14.2 College Station, TX: Stata Corp LP.). Quantitative data were presented as mean,
median, standard deviation, and range. Qualitative ones were presented as percentages
and number. Student t-test was used to compare the means of two groups. For data
that were not normally distributed, Mann-Whitney test and Chi square test were used.
. Odds ratios were calculated for logistic regression analysis. Graphs were designed
using Excel program. P value was significant when less than 0.05.

Ethical consideration:
This study was approved by Scientific and Ethical committees of Sohag Faculty of
Medicine.
Data gained from patients were used for scientific research and their confidentiality
were kept.
A consent was obtained from all patients.

Results:
-As regarding the age of patients within the group I (patients having low SS) the mean
age was (55.12±3.49) years, while, group II (patients having high-intermediate SS)
the mean age was (59.72±3.43) years. The main difference between the groups was
significant (p value 0.0003).
-Regarding gender, in group I there were 40% of the studied patients were males and
in group II there were 52% of them. (Table 1)
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Table (1) Comparison between patients having low versus those with highintermediate syntax scores as regard age and gender
Low syntax scores
Variable
N=50
Age/year
Mean ± SD
Median (range)
Gender
Females
Males

High-intermediate
syntax scores
N=50

P value

55.12±3.49
54 (50:62)

59.72±3.43
57.5 (50:64)

0.0003

30 (60.00%)
20 (40.00%)

24 (48.00%)
26 (52.00%)

0.23

Regarding the risk factors, in group I, there was 32% of patients were diabetic, while,
in group II there were 52% of patients were diabetic. There was a significant
difference between the two groups (P value 0.04).
-In group I, there was 38% of patients were hypertensive, while, group II there were
68%. There was a significant difference between the two groups (P value 0.003).
-In group I, there was 44% of patients were smokers, while in group II there was
about 32% of the patients were smokers. There was no a significant difference
between the two groups (P value 0.22). (Table 2)
Table (2) Comparison between patients having low versus those with highintermediate syntax scores as regard medical history
Low syntax scores

High-intermediate
syntax scores
N=50

P value

34 (68.00%)
16 (32.00%)

24 (48.00%)
26 (52.00%)

0.04

31 (62.00%)
19 (38.00%)

16 (32.00%)
34 (68.00%)

0.003

28 (56.00%)
22 (44.00%)

34 (68.00%)
16 (32.00%)

0.22

Variable
N=50
Diabetes mellitus
No
Yes
Hypertension
No
Yes
Smoking
No
Yes

-As regarding Serum Cholesterol, in group I, the mean was 181.16±19.89 mg/dl,
while, group II the mean was 207.72±20.23 mg/dl. The main difference between the
groups was significant with P value < 0.0001.
-As regarding Serum LDL, of group I, the mean was 93.12±8.85mg/dl, while, group
II the mean was 112.24±18.93 mg/dl. The main difference between the two groups
was significant with P value< 0.0001.
-As regarding Serum HDL, of group I, the mean was 48.32±5.68 mg/dl, while, group
II the mean was 53.74±5.47 mg/dl. The main difference between the two groups was
significant with P value < 0.0001.
-Regarding EF, of group I, the mean was 55.88±3.42% while, in group II the mean
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was 50.88±3.45%. The main difference between the groups was highly significant
with P value <0.0001.
-As regarding CRP, of group I, the median was 0.10 (0.06:0.3) mg/dl, while, group II
the median was 0.5 (0.2:0.9) mg/dl. The main difference between the groups was
highly significant with P value <0.0001.
-As regarding Albumin, of group I, the median was 3.7 (3.2:4.4) g/dl, while, group II
the median was 3.4 (2.9:3.9) g/dl. The main difference between the groups was highly
significant with P value <0.0001.
-As regarding CAR (CRP/Alb ratio), of group I, the median was 2.41 (1.36:8.57),
while, group II the median was 14.96 (5.26:30). The main difference between the
groups was highly significant with P value <0.0001. (Table 3)
Table (3) Comparison between patients having low versus those with highintermediate syntax scores as regard investigation
Low syntax scores

P value

N=50

High-intermediate
syntax scores
N=50

0.91±0.20
0.9 (0.6:1.2)

0.88±0.20
0.9 (0.6:1.2)

0.40

10.32±1.60
10.5 (8:13)

11.0±1.03
11.0 (9.6:12.8)

0.01

181.16±19.89
186 (155:210)

207.72±20.23
200.5 (175:240)

<0.0001

93.12±8.85
92.5 (80:106)

112.24±18.93
115 (86:140)

<0.0001

48.32±5.68
49 (40:57)

53.74±5.47
53 (45:62)

<0.0001

55.88±3.42
54.5 (52:62)

50.88±3.45
52 (45:55)

<0.0001

0.12±0.08
0.10 (0.06:0.3)

0.53±0.21
0.5 (0.2:0.9)

<0.0001

3.81±0.37
3.7 (3.2:4.4)

3.35±0.33
3.4 (2.9:3.9)

<0.0001

3.23±1.98
2.41 (1.36:8.57)

16.15±6.35
14.96 (5.26:30)

<0.0001

Variable
Creatinine (mg/dl)
Mean ± SD
Median (range)
Hemoglobin (g/dl)
Mean ± SD
Median (range)
Total cholesterol (mg/dl)
Mean ± SD
Median (range)
LDL-C (mg/dl)
Mean ± SD
Median (range)
HDL-C (mg/dl)
Mean ± SD
Median (range)
EF (%)
Mean ± SD
Median (range)
C-reactive protein (CRP) (mg/dl)
Mean ± SD
Median (range)
Serum albumin (g/dl)
Mean ± SD
Median (range)
CRP/albumin ratio
Mean ± SD
Median (range)

In this study, multivariate regression analysis, CAR revealed an independent predictor
of intermediate-high SS group together with LDL with a statistically significant
difference. (Table 4,5)
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Table (4) Multivariate analysis of factors predicting high-intermediate syntax
scores (include significant factors in univariate)
Variable
Age/year
Diabetes mellitus
Hypertension
Hemoglobin (g/dl)
Total cholesterol (mg/dl)
LDL-C (mg/dl)
HDL-C (mg/dl)
CRP/albumin ratio

Odds ratio (95% confidence interval)
2.06 (0.46:9.18)
11.98 (0.2:68.71)
0.44 (0.02:12.44)
1.55 (0.58:4.14)
1.03 (0.92:1.19)
1.22 (1.001:1.48)
1.003 (0.74:1.36)
4.90 (1.09:22.06)

P value
0.34
0.23
0.63
0.38
0.34
0.048
0.98
0.038

Table (5) Final multivariate analysis of factors predicting high-intermediate
syntax scores
Variable
LDL-C (mg/dl)
CRP/albumin ratio

Odds ratio (95% confidence interval)
1.23 (1.02:1.49)
3.36 (1.43:7.90)

P value
0.03
0.005

Correlation between Age, Creatinine, Hemoglobin, TC, LDL-C, HDL-C, CRP/
Albumin ratio, CRP, Albumin and high syntax score showed statistically significant
differences with all while non-significant with Creatinine. (Table 6)
Table (6) Correlation between syntax score and different variables
Variable
Age/year
Creatinine (mg/dl)
Hemoglobin (g/dl)
Total cholesterol (mg/dl)
LDLC (mg/dl)
HDLC (mg/dl)
C-reactive protein
Serum albumin
CRP/albumin ratio

Correlation co-efficient
0.41
-0.14
0.26
0.48
0.43
0.32
0.75
-0.47
0.76

P value
<0.0001
0.18
0.008
<0.0001
<0.0001
0.001
<0.0001
<0.0001
<0.0001

Discussion:
The SS refers to the quantity and the site of the lesion in the coronary artery and thus
refers to the myocardium at risk for ischemia. High SS is mostly a sign of a high
degree of atherosclerosis in the coronary artery that relates to severe complications
and poor prognosis [10]. Numerous studies were conducted using the syntax trial had
approved that SS was an independent predictor of short-and long-term morbidity and
mortality and poor cardiovascular results in a large number of patients, including
chronic coronary syndrome [11]. Evaluation of high SS may have a good impact on
the treatment of these patients. In this study, increased levels of LDL-C, and CAR
were found to be independent indicators of intermediate-high SS in patients having
chronic cardiovascular diseases.
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- The main difference between the two groups regarding age was significant (p value
0.0003). While regarding gender it was not significant (p value 0.23). Yahagi, K et
al., (2015) [12] reported that most of the fundamental risk factors for coronary artery
disease were similar between males and females. However, the influence of numerous
risk factors was different between males and females, with smoking being more risky
in females than males, especially in younger ones. Furthermore, the impact of
menopause was also significant in females: incidence of plaque rupture is higher in
older females as compared to younger.
-In this study, regarding risk factors, There was a significant difference between the
two groups regards the presence of diabetes, hypertension and smoking status (P
value = 0.04, 0.003 and 0.22). A study by Oh et al. (2017) [13] indicated that
hypertension was commonly associated with comorbidity. On the other hand, Suzuki
et al. (2019) study included 204 patients (mean age, 72 years; male, 69%) and
detected that there was no significant difference among all patients regarding the risk
factors.
-In this study, the main difference between the two groups regards the serum
cholesterol, serum LDL and serum HDL were significant (P value = < 0.0001, <
0.0001 and < 0.0001).
These results were concordant with Suzuki et al. (2019) [14] which reported that there
was a significant difference regarding total cholesterol and LDL, with a nonsignificant difference as regard HDL. On contrary, Duman et al. (2019) [15] reported
that there was no significant difference regarding LDL and HDL.
-As regarding CRP, Albumin CAR (CRP/Alb ratio) between the groups, the
difference were highly significant (P value = <0.0001, <0.0001, <0.0001). CRP and
SA indicators are commonly used in medical practice. Serum CRP, an acute phase
protein from the liver, is increased due to inflammation. Koenig W. (2013) [16] Also,
increased CRP levels were related to the severity of coronary artery in patients with
the chronic coronary syndrome. Pan HC, et al (2015) [17] and Karabağ et al. (2018)
[1], reported that patients having stable angina pectoris, for whom a diagnostic
coronary angiography was done for suspected CAD, have a high significant difference
regarding CRP between the high and low SS groups. Also, Kayapinar et al. (2019)
[18] had revealed the same findings regarding hs-CRP. CRP was related to damage of
endothelial progenitor cells, damage fibrinolysis, elevate collagen degradation in
monocytes, stimulate the complement system, and may be related to the uptake of
LDL-C by macrophages [19]. Low level of albumin level may be related to high risk
of morbidity and mortality in multiple cardiovascular diseases [20]. Kurtul and
colleagues reported that low level of albumin is an independent indicator of high SS
and in-hospital deaths in patients having the acute coronary syndrome [4]. Low level
of albumin is an inflammatory condition associated with chronic diseases [21]. Also,
low level of albumin was related to increased viscosity of blood, endothelial
dysfunction, activate platelet and increase their aggregation, and enhance the
formation of platelet mediators responsible for coronary artery stenosis. Karabağ et al.
(2018) [1] reported that the relation between the level of albumin, CRP, and SS was
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the same as that concluded in the last studies. Including albumin and CRP into a
single indicator was related to poor outcomes in multiple diseases like sepsis and
cancer [22].

Conclusion
A high level of CAR was related to the severity of coronary atherosclerosis, evaluated
by SS, in patients having chronic coronary syndromes. CAR was a more perfect
indicator than CRP or albumin in recognition of the patient with high SS. And so,
CAR evaluation can be used for early detection of the patients having chronic
coronary syndromes in clinical practice.
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