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 Introduction
Cardiovascular risk factors are becoming more common and 

the incidence of acute coronary syndrome (ACS) is increasing 
(1). Despite the advancement of percutaneous and surgical 
procedures, the mortality rate associated with ACS is still high 
(2,3). Determining high-risk patients and especially modifiable 
risk factors is important in terms of primary prevention.

Malnutrition affects many people around the world and it is 
increasingly recognized as a potentially modifiable risk factor for 
cardiovascular diseases. Malnutrition is associated with poor 

prognosis in a wide variety of diseases including cancer (4,5), 
renal disease requiring dialysis (6), end-stage liver disease (7) 
and heart failure (8-10). Malnutrition also influences adversely 
the prognosis of patients with ACS (11).

Prognostic Nutritional Index (PNI) is a score that reflects a 
person’s nutritional status based on serum albumin and total 
lymphocyte count (4). It is an easy and effective method to 
calculate. A low score is associated with malnutrition. PNI has 
been associated with inflammatory processes in several studies. 
Recently, the prognostic value of PNI in various malignancies 
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has been demonstrated (4). PNI is independently associated 
with long-term survival in patients hospitalized for heart failure 
with reduced or preserved ejection fraction (8,10). 

The Control Nutritional Status (CONUT) score is a score 
calculated by serum albumin level, total cholesterol level and 
total lymphocyte count (12). Albumin represents protein levels, 
total cholesterol represents lipid metabolism, and lymphocyte 
count represents immune function. A high score means that the 
nutritional status is poor (7). The studies on the CONUT score 
have described the relationship between mortality and prognosis 
after surgery in cancer patients (13). 

The SYNTAX score is a useful angiographic scoring system 
for determining the severity of coronary artery disease (CAD). It 
represents the degree of atherosclerotic burden and complexity 
of coronary lesions (14). The relationship between cardiovascular 
risk factors such as diabetes mellitus and hypertension and 
the severity of atherosclerosis is known, but it remains unclear 
whether there is a relationship between nutritional status and 
CAD severity in ACS. Accordingly, in this study, we aimed 
to investigate the association between SYNTAX score and 
nutritional status assessed by PNI and CONUT scores, and to 
evaluate whether nutritional status influenced cardiovascular 
mortality and re-hospitalization within six months of diagnosis in 
patients with ACS. 

Methods
Patients who underwent coronary angiography with the 

diagnosis of ACS at Gülhane Training and Research Hospital 
were evaluated retrospectively. Patients who had previously 
undergone percutaneous or surgical revascularization, patients 
with acute or chronic inflammatory disease, severe valvular 
heart disease, renal or hepatic insufficiency, malignancy, and 
patients with other major diseases that might affect serum 
albumin and total lymphocyte counts were excluded from the 
study. We also excluded patients taking statins or triglyceride 
(TG) lowering medication before the onset of ACS. 

Laboratory Measurements

The recorded data of the patients were evaluated 
retrospectively and blood glucose, creatinine, total cholesterol, 
low-density lipoprotein (LDL) cholesterol, high-density 
lipoprotein cholesterol, TG, hemoglobin, white blood cell counts, 
and total lymphocyte counts were retrieved from the electronic 
database. All nutritional factors were measured on the day of 
hospitalization with the diagnosis of ACS.

Evaluation of Nutritional Indexes

The PNI scores showing the nutritional status of all patients 
were calculated and recorded with the formula: 10 × serum 
albumin (g/dL) + 0.005 × total lymphocyte count (mm3) (4). 

CONUT score was calculated as shown in Table 1 based 
on previous studies (7,12). The cut-off values were 3.5 g/dL for 
serum albumin, 180 mg/dL for total cholesterol and 1600/mm3 

for total peripheral lymphocyte count. 

Coronary Angiography

Two interventional cardiologists without the knowledge of 
the data of the participants analyzed coronary angiograms and 
the SYNTAX scores of all patients were calculated with a series 
of questions through a computer program. The SYNTAX scoring 
system contains 12 basic questions. The first three questions 
cover the dominance, the total number of lesions, and the vessel 
segment where the lesions are located. The last nine questions 
are to identify adverse lesion characteristics. Scores for each 
lesion are calculated separately and the total SYNTAX score is 
obtained by summing all these scores. We divided patients into 
three groups based on their SYNTAX scores as low SYNTAX 
score (≤22), intermediate SYNTAX score (23-32) and high 
SYNTAX score (≥33) (14). Data on cardiovascular mortality 
and rehospitalization within six months of their diagnosis were 
obtained from hospital records and the database of the Ministry 
of Health. 

Statistical Analysis

Data analysis was performed with Statistical Package 
for the Social Sciences (SPSS) for Windows, version 22.0 
(SPSS Inc., Chicago, IL, USA). The distribution of continuous 
variables was determined using the Kolmogorov-Smirnov test. 
Continuous data were defined as mean±standard deviation for 
normal distributions and median (minimum-maximum value) 
for skewed distributions. Categorical data were defined as the 
number of cases (%). Variables showing normal distribution 
between two independent groups were compared using the 
Student’s t-test. Variables showing normal distribution between 
more than two independent groups were analyzed with the one-
way ANOVA, and data not normally distributed were analyzed 
with the Kruskal-Wallis test. When the obtained p value was 
statistically significant, LSD or Conover’s non-parametric 
multiple comparison test was used to know which group was 

Table 1. Assessment of the nutritional status using the 
CONUT score
Parameters Normal Light Moderate Severe
Serum albumin 
(g/dL)

≥3.5 3.0-3.49 2.5-2.99 <2.5

Score 0 2 4 6
Total cholesterol 
(mg/dL)

≥180 140-179 100-139 <100

Score 0 1 2 3
Lymphocytes 
(/mL3)

≥1600 1200-1599 800-1199 <800

Score 0 1 2 3
CONUT: Controlling Nutritional Status
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different from others. Correlation degrees between variables 
were evaluated using the Pearson’s correlation or Spearman 
correlation analysis.

Univariate ordinal logistic regression was used for risk factors 
thought to be associated with the SYNTAX score category. Risk 
factors with a one-variable logistic regression p value of <0.25 
were included in the multivariate logistic regression model. The 
significance of each independent variable on the model was 
analyzed using the Wald statistics. With Nagelkerke R2, how 
much independent variable explained dependent variable was 
evaluated. A p value of <0.05 was considered significant in all 
statistical analyses.

Results
Of the 550 patients who underwent coronary angiography 

with the diagnosis of ACS, 177 patients who met the inclusion 
criteria were included in the study. The mean age of the patients 
was 63.34±10.94 years and 64.4% were male. The demographic 
characteristics, body mass index, laboratory findings, ejection 
fraction, PNI scores, CONUT scores and SYNTAX scores of the 
patients are shown in Table 2.

The mean PNI scores of low, intermediate and high 
SYNTAX score groups were 51.05±4.99, 49.89±5.17, and 
46.10±5.75, respectively. A statistically significant difference 
was found between low and high SYNTAX score groups, and 
intermediate and high SYNTAX score groups in terms of PNI 
score (p<0.001, for both) (Table 3). The median CONUT scores 
of low, intermediate and high SYNTAX score groups were 1 (0-
6), 1 (0-7), and 2 (0-7), respectively. In terms of CONUT score, 
a statistically significant difference was found between low and 
high SYNTAX score groups, and intermediate and high SYNTAX 
score groups (p=0.001 for both) (Table 3).

There was a low level of positive and statistically significant 
(r=0.256, p=0.002) correlation between SYNTAX score and 
CONUT score, while there was a low level of negative and 
statistically significant (r=-0.328, p<0.001) correlation between 
SYNTAX score and PNI score.

The mean serum albumin levels of low, intermediate 
and high SYNTAX score groups were 4.06±0.35, 4.02±0.41, 
and 3.71±0.43, respectively. The difference was statistically 
significant between low and intermediate SYNTAX score groups, 
and intermediate and high SYNTAX score groups (p<0.001, for 
both). However, there was no significant difference in terms of 
total lymphocyte count in patients with low, intermediate and 
high SYNTAX score groups (2.07±0.70, 1.92±0.57, 1.83±0.64, 
p=0.146). 

Within six months of ACS diagnosis, patients with 
cardiovascular mortality and re-hospitalization had lower PNI 
scores and higher CONUT scores. A statistically significant 
difference was found in PNI score and CONUT score in all 
paired group comparisons (p<0.001, for all) (Table 4).

Patients with low SYNTAX score were included as the 
reference category in the logistic regression analysis. Diabetes 
mellitus was independent predictor for intermediate [odds 
ratio (OR)=2.288; 95% confidence interval (CI)=1.110-4.713; 
p=0.025] and high SYNTAX scores (OR=4.329; 95% CI=1.734-
10.803; p=0.002). LDL cholesterol (OR=1.015; 95% CI=1.002-
1.028; p=0.021) and CONUT score (OR=1.584; 95% CI=1.014-
2.473; p=0.043) were independent predictors for high SYNTAX 
score (Table 5).

Table 2. Demographic, clinical and laboratory characteristics 
of the patients (n=177)
Variable Overall
Age, years 63.34±10.94
Gender, male 114 (64.4)
BMI, kg/m2 27.17±2.54
Smoking 114 (64.4)
Hypertension 122 (68.9)
Diabetes mellitus 95 (53.7)
Hemoglobin, g/dL 13.47±1.96
WBC count, x109/L 9.41±8.24
Platelet count, x109/L 228.33±61.43
Lymphocyte, x109/L 1.94±0.65
Serum creatinine, mg/dL 1.10±0.66
Albumin, g/dL 3.85±0.43
Cholesterol, mg/dL 198.51±49.58
HDL cholesterol, mg/dL 44.37±9.87
LDL cholesterol, mg/dL 121.06±38.78
Triglyceride, mg/dY 166.31±86.59
LVEF (%) 49.17±11.88
PNI score 49.13±5.66
CONUT score 1 (0-7)
SYNTAX score 19.71±10.32

SYNTAX score
Low (≤22) 61 (34.5)
Intermediate (23-32) 62 (35.0)
High (≥33) 54 (30.5)

BMI: Body mass index, WBC: White blood cell, HDL: High-density lipoprotein, 
LDL: Low-density lipoprotein, LVEF: Left ventricular ejection fraction, PNI: 
Prognostic nutritional index, CONUT: Controlling Nutritional Status.
Continuous variables are expressed as either mean±standard deviation or 
median (minimum-maximum). Categorical data are expressed as percentage.

Table 3. PNI and CONUT scores in low, intermediate and high 
SYNTAX groups 

SYNTAX score
pLow

≤22
Intermediate

23-32
High
≥33

PNI score* 51.05±4.99 49.89±5.17 46.10±5.75 <0.001a, b

CONUT 
scoreβ 1 (0-6) 1 (0-7) 2 (0-7) 0.001a, b

Continuous variables are expressed as either *mean±standard deviation or 
βmedian (minimum-maximum). Continuous variables were compared with 
*One-Way ANOVA test or βKruskal-Wallis test and the p value was set at 0.05. 
Significant differences were found between; a: Low vs. High, b: Intermediate vs. 
High.
CONUT: Controlling Nutritional Status, PNI: Prognostic Nutritional Index
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Discussion
In our study, PNI and CONUT scores were significantly 

associated with SYNTAX score and CONUT score was an 
independent predictor for high SYNTAX score in patients with 
ACS. Besides, PNI and CONUT scores were associated with 
cardiovascular mortality and rehospitalization within six months 
of ACS diagnosis.

There are different nutritional scores to define malnutrition. 
The PNI and CONUT scores both involve the measurement 
of serum albumin level and total lymphocyte count. Unlike the 
PNI score, the CONUT score also takes into account serum 
cholesterol. The main protein in the blood is albumin and it is 
the determinant of oncotic pressure (15). Albumin is an acute 

phase reactant that can be reduced by decreased synthesis 
or increased loss in inflammation, liver diseases, renal failure 
and some gastrointestinal tract diseases. Low serum albumin 
level has been reported to be associated with poor prognosis 
in patients with heart failure (16). In our study, serum albumin 
levels were lower in patients with high SYNTAX scores than low 
and intermediate SYNTAX scores. Kurtul et al. (17) examined 
the association between serum albumin level and severity of 
CAD as measured by SYNTAX score in patients with ACS. 
They found that serum albumin level was inversely associated 
with high SYNTAX score and in-hospital mortality in ACS. High 
serum albumin level can be considered as a protective shield in 
acute events.

Table 4. PNI and CONUT scores in patients with re-hospitalization and cardiac death within six months
Stable Re-hospitalization Death p

PNI score* 50.57±4.63 44.84±4.05 38.90±5.27 <0.001a, b, c

CONUT scoreβ 1 (0-6) 2 (0-6) 5 (2-7) <0.001a, b, c

Continuous variables are expressed as either *mean±standard deviation or βmedian (minimum-maximum). Continuous variables were compared with *One-Way 
ANOVA test or βKruskal-Wallis test and the p value was set at 0.05. Significant differences were found between; a: Stable vs. Re-hospitalization, b: Stable vs. Death, 
c: Re-hospitalization vs. Death.
CONUT: Controlling Nutritional Status, Prognostic Nutritional Index

Table 5. Predictors of intermediate and high SYNTAX scores with logistic regression analysis
Univariate analysis Multivariate analysis

Wald OR 95% CI p Wald OR 95% CI p 
Intermediate SYNTAX score
BMI 0.672 1.056 0.927-1.202 0.412
HT 0.004 1.024 0.482-2.178 0.950
DM 5.034 2.288 1.110-4.713 0.025 5.034 2.288 1.110-4.713 0.025
Smoking 1.019 1.468 0.697-3.093 0.313
Cholesterol 0.001 1.000 0.992-1.008 0.971
LDL-C 0.221 1.002 0.993-1.012 0.639
HDL-C 0.609 0.985 0.949-1.023 0.435
TG 0.127 1.001 0.997-1.005 0.722
PNI score 1.578 0.955 0.890-1.026 0.209
CONUT score 0.593 0.892 0.852-1.443 0.441
High SYNTAX score
BMI 0.334 1.044 0.9021.210 0.563
HT 0.339 1.268 0.570-2.823 0.560
DM 10.523 3.596 1.660-7.792 0.001 9.860 4.329 1.734-10.803 0.002
Smoking 0.065 1.103 0.519-2.344 0.799
Cholesterol 0.796 1.003 0.996-1.011 0.372
LDL-C 2.709 1.008 0.998-1.018 0.100 5.340 1.015 1.002-1.028 0.021
HDL-C 0.052 0.996 0.961-1.032 0.819
TG 0.529 0.998 0.994-1.003 0.467
PNI score 17.093 0.839 0.772-0.912 <0.001 3.116 0.902 0.804-1.011 0.078
CONUT score 12.598 1.685 1.263-2.248 <0.001 4.092 1.584 1.014-2.473 0.043
CI: Confidence interval, BMI: Body mass index, HT: Hypertension, DM: Diabetes mellitus, LDL-C: Low-density lipoprotein-cholesterol, HDL-C: High-density lipoprotein-
cholesterol, OR: Odds ratio, TG: Triglyceride, CONUT: Controlling Nutritional Status, PNI: Prognostic Nutritional Index. Reference category: Low; *OR is statistically 
significant (CI does not include 1); Variables with p value <0.25 in univariant analysis were evaluated by multivariant analysis; p value <0.05 as significant level
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The lymphocyte count decreases as a stress response in 
patients with ACS (18) and lymphopenia has been reported 
to be an early marker of myocardial infarction (19). While 
the lymphocyte count decreases, the peripheral neutrophil 
count increases in acute myocardial infarction and neutrophil/
lymphocyte ratio predicts long term mortality in these patients 
(20). Further, Arbel et al. (21) demonstrated the correlation 
between neutrophil/lymphocyte ratio and severity of CAD in 
a cohort undergoing coronary angiography. In our study, no 
difference was found in total lymphocyte count between SYNTAX 
groups. In the review of the literature, we did not find any study 
clarifying whether there was a direct relationship between total 
lymphocyte count and CAD severity.

It has been demonstrated that malnutrition contributes 
to poor prognosis after acute coronary events. Yoo et al. (22) 
showed an association between undernutrition and poor clinical 
outcomes during hospitalization in patients with acute myocardial 
infarction. Recently, Raposeiras Roubín et al. (11) investigated 
the prevalence and prognostic effects of malnutrition in patients 
with ACS by using three different indexes; PNI score, Nutritional 
Risk Index and CONUT score. They found that malnutrition 
was prevalent in patients with ACS and was associated with 
all-cause mortality and major cardiovascular events including 
cardiovascular death, reinfarction or ischemic stroke. Their 
explanation for the poor prognosis of malnutrition in patients 
with ACS is that nutritional condition may be a proxy indicator 
of inflammation and a trigger for progression of atherosclerosis 
and plaque rupture. As inflammation and malnutrition occur 
concomitantly and these two conditions are closely associated 
with atherosclerosis, they have been recently referred together 
as “malnutrition-inflammation-atherosclerosis syndrome” (23).

The predictive value of PNI score for long term cardiovascular 
outcomes has also been reported in stable CAD patients (24). 
Chen et al. (25) investigated the predictive value of CONUT 
score in CAD patients undergoing percutaneous coronary 
intervention including stable and ACS patients. They found 
that an increased CONUT score was associated with adverse 
events after percutaneous coronary intervention. In the present 
study, CONUT score was an independent predictor for high 
SYNTAX score in patients with ACS. The combination of 
three parameters in the CONUT score may more accurately 
reflect immune and nutritional conditions. However, there is no 
consensus on which nutritional index should be used for patients 
with ACS. Regardless of which index is used, early recognition 
and treatment of malnutrition may provide improvement in many 
cardiovascular diseases. These nutritional indexes can help 
physicians to predict the extent and complexity of CAD. 

Our study has some limitations. The study has a cross-
sectional and retrospective design, so we do not have data 
showing the long term prognostic value of PNI and CONUT 
score rather than six-month data. With prospective studies 

including larger patient populations, the relationship between 
CAD and PNI, CONUT score, and long term prognostic clinical 
significance can be clarified.

Conclusion 
In the present study, PNI and CONUT scores associate 

with the severity of CAD assessed by SYNTAX score in ACS. 
Adequate assessment of the nutritional status is important for 
identifying patients at high risk for CAD and selecting patients 
who can benefit from nutritional support and risk modification 
strategies. Our data should be supported by large-scale multi-
center studies, including patients with stable angina pectoris. 
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