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Nutritional status and severity of coronary artery disease
Ozge Kurmus, Turgay Aslan, Murat Eren, Kursat Akbuga,  
Aycan Fahri Erkan, Berkay Ekici, Ebru Akgul Ercan and Celal Kervancıoglu

Objective The aim of this study is to evaluate the 
association between Nutritional Risk Index (NRI), a simple 
tool to assess nutritional status, and coronary artery 
disease severity and complexity in patients undergoing 
coronary angiography.

Methods This study is a retrospective analysis of 822 
patients undergoing coronary angiography. Patients 
with previous revascularization were excluded. Gensini 
and SYNTAX scores were calculated according to the 
angiographic images to determine atherosclerosis 
severity. NRI was calculated as follows: NRI = [15.19 
× serum albumin (g/dl)] + [41.7 × (body weight/ideal 
body weight)]. In patients ≥65 years of age, Geriatric NRI 
(GNRI) was used instead of NRI. GNRI was calculated as 
follows: GNRI = [14.89 × serum albumin (g/dl)] + [41.7 
× (body weight/ideal body weight)]. Patients were then 
divided into three groups as previously reported: NRI < 
92, NRI 92–98 and NRI > 98. Gensini and SYNTAX scores 
were compared between three groups.

Results The mean age of study population was 61.9 
± 11.1 years. NRI < 92, 92–98, and >98 was measured 
in 212, 321 and 289 patients, respectively. There was no 
difference regarding to sex, BMI, smoking, hypertension 

and diabetes mellitus between three groups. Patients 
with NRI < 92 had the highest mean Gensini score than 
the patients with NRI 92–98 and NRI > 98 (38.0 ± 40.6 vs. 
31.17 ± 42.4 vs. 25.8 ± 38.4, P = 0.005). Also patients with 
NRI < 92 had the highest mean SYNTAX score than the 
patients with NRI 92–98 and NRI > 98 (11.8 ± 12.9 vs. 9.3 
± 12.4 vs. 7.7 ± 11.8, P = 0.001). Also, Gensini score of ≥20 
and high SYNTAX score of ≥33 were associated with lower 
NRI (P < 0.001 and P < 0.001, respectively).

Conclusion In our study, nutritional status evaluated by 
the NRI was associated with more extensive and complex 
coronary atherosclerosis in patients undergoing coronary 
angiography. Coron Artery Dis XXX: 000–000 Copyright © 
2021 Wolters Kluwer Health, Inc. All rights reserved.
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Introduction
Malnutrition has been recognized as an independent risk 
factor for unfavorable events in hospitalized patients [1]. 
It is related to worse clinical outcomes in patients with 
cancer, renal failure or heart failure [2–4]. It is a common 
problem, especially in elderly patients and recently, it 
has been reported that adverse outcomes were increased 
when the atherosclerotic disease and malnutrition coexist 
[5,6]. Thus, assessing nutritional status could be impor-
tant for risk stratification in both elderly and patients 
with atherosclerotic diseases.

Nutritional Risk Index (NRI) and its modified form 
Geriatric NRI (GNRI) which is calculated in elderly 
are easy and efficient screening tools for malnutrition. 
Although the association between nutritional status and 
clinical outcomes after ST-segment elevation myocardial 
infarction (STEMI) or percutaneous coronary intervention 
(PCI) has been shown, studies evaluating the association 
between nutritional status and severity and complexity 
of atherosclerosis are lacking. The aim of this study is to 
evaluate the association between nutritional status and 
coronary artery disease (CAD) severity and complexity in 
both patients younger than 65 years and elderly.

Methods
Study population
This retrospective study assessed the data of 1282 patients 
who had undergone coronary angiography between 
January 2017 and January 2019 in our angiography labo-
ratory because of suspicion of stable CAD or non-ST-seg-
ment elevation acute coronary syndrome. Among these, 
460 patients were excluded because of incomplete data, 
missing values for albumin, previous history of coronary 
revascularization, systemic inflammatory disease, renal or 
hepatic failure, severe heart failure, hypo/hyperthyroid-
ism and malignancy. Finally, we evaluated the data of 822 
patients in our analysis. The assessed clinical parameters 
were age, sex, weight and height, and coronary risk factors. 
Hypertension was defined as SBP ≥ 140  mmHg and/or 
DBP ≥ 90  mmHg or current medication with antihyper-
tensive drugs. Patients were defined as diabetic if they had 
been informed of this diagnosis before and had been using 
oral antidiabetic drugs or insulin treatment on admission. 
BMI was calculated as body weight in kilograms divided 
by the squared value of body height in meters (kg/m2).

The study was approved by the local Ethics Committee. 
Data from subjects were analyzed retrospectively.
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Angiographic evaluation
Baseline diagnostic angiograms of the patients were 
assessed independently by two experienced interven-
tional cardiologists who were blinded to the patients' 
clinical or laboratory parameters. SYNTAX score for each 
patients was calculated by scoring all coronary lesions 
producing ≥50% diameter stenosis in vessels ≥1.5  mm, 
using the SYNTAX score algorithm which was available 
on the SYNTAX website. Gensini score was calculated 
by assigning a severity score to each coronary narrowing 
on the basis of the degree of luminal stenosis and its loca-
tion [7]. Decreases in luminal diameter of 25, 50, 75, 90, 
99% and total occlusion were given scores of 1, 2, 4, 8, 
16 and 32, respectively. The score was then multiplied 
by a factor symbolizing the functional significance of the 
myocardial area supplied by that segment, that is five 
for the left main artery, 2.5 for the proximal left anterior 
descending artery or proximal circumflex artery, 1.5 for 
the mid-left anterior descending artery, one for the dis-
tal left anterior descending artery, right coronary artery 
and obtuse marginal artery, and 0.5 for all other areas. In 
cases of disagreement regarding the SYNTAX or Gensini 
score, an additional observer was consulted and the final 
decision was made by consensus. A low SYNTAX score 
was defined as ≤22, intermediate score as 23–32 and high 
SYNTAX score as ≥33 [8]. Patients with Gensini score 
of ≥20 were defined as having severe CAD, which was 
approximately equal to having a 70% stenosis or more in 
the proximal left anterior descending artery [9].

Nutritional Risk Index and Geriatric Nutritional Risk 
Index
The patients’ serum albumin, body weight and height 
were measured before the coronary angiography. NRI 
was calculated for patients <65 years of age [10]. GNRI 
was calculated by modifying the NRI for elderly patients 
(≥65 years of age) in a manner previously reported [11,12].

The body weight/ideal body weight ratio was set to one 
when the patients’ actual body weight exceeded their 
ideal body weight. The ideal body weight was defined 
as the value calculated from the patients’ height and a 
BMI of 22 [13–15]. Patients were then divided into three 
groups based on previously published thresholds: NRI 
<92, 92 to ≤98, and >98 [6,11,16].

Statistical analysis
Continuous variables were expressed as mean  ± SD; 
categorical variables were defined as numbers and per-
centages. Student’s t-test or one-way analysis of variance 
were used to compare continuous variables, least signif-
icant difference test was performed for the binary com-
parisons among the groups. Pearson’s correlation analysis 
was performed for investigating the relationship between 
two continuous variables. Partial correlation analysis was 
performed to measure the relationship between NRI 
and angiographic scores while controlling for multiple 

covariates such as age, sex, hypertension, diabetes mel-
litus, smoking and low-density lipoprotein cholesterol 
(LDL-C). Differences in the distribution of categorical 
variables were assessed by Pearson’s chi-square test. A 
P-value of less than 0.05 was considered statistically sig-
nificant. Data analyses were performed by using SPSS 
for Windows, version 22.0 (SPSS Inc., Chicago, Illinois, 
USA).

Results
Baseline characteristics
The mean age of study population was 61.9 ± 11.1 
years and 58.2% of the 822 patients were males. More 
than half of the patients had hypertension, one-third 
of the patients had diabetes mellitus and one-third of 
the patients had any smoking history. Sixty-three per-
cent of the patients had stable angina pectoris, 22% had 
unstable angina pectoris and 15% had non-ST-elevation 
myocardial infarction. PCI was performed in 26% of the 
patients and coronary artery bypass grafting (CABG) was 
performed in 15% of the patients. Mean Gensini score 
was 31.1 ± 40.8 and mean SYNTAX score was 9.4 ± 12.4. 
Mean NRI was 95.7 ± 7.5. Number of the patients under 
65 years of age was 456 (55.5%) and 366 patients (44.5%) 
were ≥65 years of age. Patients ≥65 years of age had lower 
NRI than patients younger than 65 years of age (92.8 ± 
7.5 vs. 97.9 ± 6.7, P < 0.001). There was no correlation 
between BMI and albumin (P = 0.740).

NRI <92, 92–98 and >98 was measured in 212, 321 and 
289 patients, respectively. Age, sex and CABG as a treat-
ment modality choice after coronary angiography were 
significantly associated with NRI. There was no differ-
ence between groups regarding to BMI, hypertension, 
diabetes mellitus and any smoking history. Clinical and 
procedural characteristics of the patients stratified by 
NRI groups are listed in Table 1. NRI <92 was associated 
with decreased albumin, total cholesterol, LDL-C and 
triglyceride, and increased creatinine levels.

Coronary artery disease scores
Patients with NRI < 92 had the highest mean Gensini 
score than the patients with NRI 92–98 and NRI > 98 
(38.0 ± 40.6 vs. 31.17 ± 42.4 vs. 25.8 ± 38.4, P = 0.005). Also 
patients with NRI < 92 had the highest mean SYNTAX 
score than the patients with NRI 92–98 and NRI > 
98 (11.8 ± 12.9 vs. 9.3 ± 12.4 vs. 7.7 ± 11.8, P = 0.001) 
(Table 1). Patients with Gensini score ≥20 had lower NRI 
than patients with Gensini score <20 (94.3 ± 7.8 vs. 96.8 ± 
6.9, P < 0.001). Patients with high SYNTAX score had the 
lowest NRI than the patients with low or intermediate 
SYNTAX score (P < 0.001 and P = 0.017, respectively). 
There was no association between BMI and Gensini 
and SYNTAX scores (P = 0.126 and P = 0.115, respec-
tively). There was a negative association between NRI 
and Gensini and SYNTAX scores (r = −0.140, P = 0.001, 
r = −0.155, P = 0.001, respectively). NRI was negatively 
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correlated with Gensini score in both females and males 
(P < 0.001 and P = 0.003, respectively) and NRI was 
also negatively correlated with SYNTAX score in both 
females and males (P < 0.002 and P < 0.001, respectively). 
Also, there was a negative weak association between NRI 
and Gensini and SYNTAX scores after controlling for 
confounding variables (r

partial
 = −0.125, P = 0.001, r

partial
 = 

−0.132, P = 0.001, respectively).

In patients younger than 65 years of age, NRI < 92 had 
the highest mean Gensini and SYNTAX scores than the 
patients with NRI 92–98 and NRI > 98 (P = 0.021 and P 
= 0.017, respectively). There was a negative weak associ-
ation between NRI and Gensini and SYNTAX scores (r 
= −0.145, P = 0.002, r = −0.143, P = 0.003, respectively). 
Also, the associations between NRI and Gensini score 
and between NRI and SYNTAX score remain valid after 
controlling for confounding variables (r

partial
 = −0.189, P 

= 0.001, r
partial

 = −0.187, P = 0.001, respectively). Patients 
with Gensini score ≥20 had lower NRI than patients 
with Gensini score <20 (P = 0.014) (Table  2). Patients 

with high SYNTAX score had lowest NRI than patients 
with low or intermediate SYNTAX score (P = 0.028)  
(Table 2).

In patients ≥65 years of age, there was no difference 
regarding to Gensini and SYNTAX scores between 
groups NRI < 92, NRI 92–98 and NRI > 98 (P = 0.880 
and P = 0.565, respectively). But patients with Gensini 
score ≥20 had lower NRI than patients with Gensini 
score <20 (P = 0.023) and patients with intermediate 
SYNTAX score had lowest NRI than patients with low or 
high SYNTAX score (P = 0.018) (Table 2).

Discussion
The present study showed that low NRI was significantly 
associated with higher Gensini and SYNTAX scores and 
especially Gensini score ≥20 was associated with low NRI 
in both patients younger than 65 years old and elderly. 
To the best of our knowledge, this is the first study to 
evaluate relationship between NRI and angiographic 
CAD severity. The findings of this study suggest that 

Table 1 Baseline characteristics of patients

Variable Overall (n = 822)

 NRI

P-value<92 (n = 212) 92–98 (n = 321) >98 (n = 289)

Age (years) 61.9 ± 11.1 67.1 ± 9.6 62.5 ± 11 57.3 ± 10 <0.001a,b,c

Male (%) 58.2 52.6 59.9 63.2 0.026
Hypertension (%) 57.5 64.4 55.7 54.6 0.067
Diabetes mellitus (%) 32.9 37.6 32.6 29.9 0.205
Smoking (%) 32.3 29.3 30.4 36.5 0.158
BMI (kg/m2) 29.1 ± 4 28.9 ± 5 29.3 ± 4 29.1 ± 4 0.651
Serum albumin (g/dl) 3.58 ± 0.3 2.96 ± 0.3 3.59 ± 0.1 4.05 ± 0.2 <0.001a,b,c

Total cholesterol (mg/dl) 192.4 ± 46 180.2 ± 44 193.7 ± 47 199.7 ± 46 <0.001a,b

LDL-cholesterol (mg/dl) 113.7 ± 37 104.8 ± 34 114.6 ± 38 119.1 ± 37 <0.001a,b

HDL-cholesterol (mg/dl) 41.8 ± 12 41.2 ± 13 41.9 ± 12 42.2 ± 11 0.631
Triglyceride (mg/dl) 165.6 ± 111 138.5 ± 78 171.2 ± 125 178.9 ± 110 <0.001a,b

Glucose (mg/dl) 117.7 ± 49 123.1 ± 63 116.8 ± 44 115.1 ± 41 0.181
Creatinine (mg/dl) 0.94 ± 0.3 1.03 ± 0.3 0.93 ± 0.3 0.89 ± 0.1 <0.001a,b

Uric acid (mg/dl) 5.7 ± 2.0 5.7 ± 2.2 5.7 ± 1.9 5.6 ± 1.8 0.685
Mean Gensini score 31.1 ± 40.8 38.0 ± 40.6 31.17 ± 42.4 25.8 ± 38.4 0.005a,b

Mean SYNTAX score 9.4 ± 12.4 11.8 ± 12.9 9.3 ± 12.4 7.7 ± 11.8 0.001a,b

Treatment modality (%)     0.017
 Medical 58.6 50.7 57.9 65.3  
 PCI 26.4 29.6 26.4 24.2  
 CABG 15.0 19.7 15.8 10.6  

Data are expressed as percentage for categorical variables; chi-square test was used. Data are expressed as mean ± SD for continuous variables; one-way ANOVA was 
used; LSD test was performed for binary comparisons between groups and the P-value was set at 0.05. Bold indicates P values are significant.
ANOVA, analysis of variance; CABG, coronary artery bypass grafting; LDL, low-density lipoprotein; LSD, least significant difference; NRI, Nutritional Risk Index; PCI, 
percutaneous coronary intervention.
aSignificant differences were found between <92 vs. 92–98.
bSignificant differences were found between <92 vs. >98.
cSignificant differences were found between 92–98 vs. >98.

Table 2 Nutritional Risk Index according to angiographic scores and age of patients

Variable Gensini score ≥ 20 Gensini score < 20 P-value

NRI
97.0 ± 7.2 98.6 ± 6.1 0.014Patients <65 years (n = 456)

Patients ≥65 years (n = 366) 91.9 ± 7.6 93.7 ± 7.6 0.023

NRI Low SYNTAX score Intermediate SYNTAX score High SYNTAX score  

Patients <65 years (n = 456) 98.3 ± 6.5 96.6 ± 7.3 95.2 ± 6.6 0.028
Patients ≥65 years (n = 366) 92.9 ± 7.4 89.1 ± 8.9 94.1 ± 6.2 0.018

Bold indicates P values are significant.
NRI, Nutritional Risk Index.
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evaluation of nutritional risk is important for predicting 
CAD severity and risk stratification of patients undergo-
ing coronary angiography.

In previous studies, lower GNRI was associated with 
cardiac death and all-cause deaths in CAD patients 
after PCI [6,17,18]. In another study of geriatric patients 
with CAD, GNRI predicts all-cause death in a median 
follow-up of 27 months [19]. Also, it was reported that 
GNRI was strongly associated with presence of periph-
eral arterial disease in elderly CAD patients [20]. Unlike 
these studies, we did not include only elderly patients in 
our study. And we found a stronger relationship between 
nutritional status and atherosclerosis severity in patients 
younger than 65 years of age. But in routine clinical 
practice, there is a tendency to manage very old, fragile 
patients by conservative treatment without angiography 
and this may affect our results.

Some objective nutritional indices such as the Controlling 
Nutritional Status (CONUT) score and Prognostic 
Nutritional Index (PNI) are also studied in CAD 
patients. Recently, several clinical studies have shown 
that CONUT score and PNI were associated with long-
term outcomes in stable CAD patients treated with PCI 
[18,21–23]. Also, both CONUT score and PNI were asso-
ciated with increased mortality in patients with STEMI 
undergoing primary PCI [24,25]. Despite these observed 
associations between simple, objective nutritional indi-
ces and CAD prognosis, no single nutritional index to 
date has become a routine tool in clinical practice of CAD 
patients.

While studies suggest that poor nutritional status is 
related to worse prognosis once significant CAD devel-
ops, limited data are available on the contribution of 
poor nutritional status to coronary atherosclerosis char-
acteristics. In previous studies, patients with poor nutri-
tional status presented as lower GNRI, lower PNI and 
higher CONUT score, had higher proportion of mul-
ti-vessel disease [6,18,23]. In angiographic analysis, these 
nutritional indices were not associated with reference 
lumen diameter, diameter stenosis or stent size [6,18,23]. 
CONUT score and PNI were found to be correlated with 
post-PCI TIMI 3 flow in STEMI patients [24,25]. Unlike 
previous studies, we assessed coronary atherosclerosis in 
a more detailed fashion. We calculated both Gensini and 
SYNTAX scores and found that patients with lower NRI 
had more severe and extensive atherosclerosis. But fur-
ther studies are required to clarify whether more complex 
and extensive coronary atherosclerosis may represent a 
mechanism for the increased mortality in patients with 
coexisting CAD and poor nutritional status.

In the present study, 26% of the patients undergoing 
coronary angiography had poor nutritional status repre-
sented as NRI < 92. Patients with lower NRI had simi-
lar proportions of traditional risk factors such as diabetes 
mellitus, hypertension, BMI and smoking compared to 
patients with higher NRI, but they tended to be older, 

have extensive CAD and have lower total cholesterol, 
lower LDL-C and lower triglyceride levels. Low blood 
lipid level has been shown as an indicator of malnutri-
tion [26,27]. Studies evaluating nutritional status in CAD 
patients have reported that levels of total cholesterol, 
LDL-C and triglyceride were lower in patients with poor 
nutritional status [17,22]. Our findings were consistent 
with these studies. Having low lipid levels with advanced 
age may put the patients with poor nutritional status at an 
unfamiliar risk for atherosclerosis management. Beyond 
the conventional therapies for secondary management, 
new strategies may be required for this vulnerable 
patient group.

In the present study, NRI was associated with angio-
graphic scores, but BMI was not associated with them. 
There are conflicting results about the association 
between BMI and angiographic severity of the CAD in 
previous studies. Both negative, positive or no associa-
tion have been reported [28–30]. BMI was also not asso-
ciated with albumin in our study. It has been reported 
that in patients with stable CAD, there is a subgroup 
of patients with apparently normal BMI and with poor 
nutritional status [22]. Also, this subgroup of patients had 
worse prognosis than patients with normal BMI and good 
nutritional status [22]. Body weight, BMI and nutritional 
status are all interrelated subjects but they are not equiv-
alent. Our findings may underline the need for desirable 
tool to evaluate nutritional status in CAD patients.

NRI is an objective simple tool for nutrition assessment 
and serum albumin is one of the components of NRI. 
Albumin is widely used for nutrition assessment and 
it has been demonstrated that inflammation response 
lessens albumin levels [31,32]. Low albumin levels are 
associated with oxidative damage in atherosclerotic 
plaque [33]. There are several studies that tied malnu-
trition to the chronic inflammation [34,35]. Malnutrition, 
inflammation, atherosclerosis syndrome has been investi-
gated in chronic kidney patients and helps to explain high 
mortality rates [36]. Tumor necrosis factor-α, interleukin 
(IL)-1 and IL-6 are key cytokines in the development 
of catabolism and have been implicated in pathogenesis 
and progression of atherosclerosis [34,37,38]. In addition, 
some studies demonstrated an association between mal-
nutrition and arterial calcification [39,40]. Atherosclerosis 
is a multifactorial, immunoinflammatory disease process 
driven by lipids. Chronic inflammation may have a pre-
dominant role in atherosclerotic process in CAD patients 
with malnutrition. However, the pathophysiologic mech-
anisms underlying the association between poor nutri-
tional status and extensive CAD and worse outcomes are 
not completely recognized.

Conclusion
In our study, nutritional status evaluated by the NRI 
was associated with more extensive and complex CAD 
in patients undergoing coronary angiography. No single 
nutritional index to date has been integrated into routine 
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clinical practice and this result suggest that NRI might 
be useful for risk stratification and identification of resid-
ual risk in CAD patients.

Study limitations
Several limitations of this study should be considered. It 
is a retrospective study and there is the possibility of bias 
from unmeasured cofounders such as dietary habits or 
undiagnosed systemic illness. The observational nature 
of this study did not allow us to make cause and effect 
explanation for the malnutrition that was associated with 
extensive CAD. Also, lack of comparison of an inflamma-
tory parameter such as high sensitivity C-reactive protein 
between NRI groups is another limitation.

Acknowledgements
Conflicts of interest
There are no conflicts of interest.

References
1 Sullivan DH, Bopp MM, Roberson PK. Protein-energy undernutrition and 

life-threatening complications among the hospitalized elderly. J Gen Intern 
Med 2002; 17:923–932.

2 Lidoriki I, Schizas D, Frountzas M, Machairas N, Prodromidou A, 
Kapelouzou A, et al. GNRI as a prognostic factor for outcomes in cancer 
patients: a systematic review of the literature. Nutr Cancer 2020; 23: 
1–13.

3 Xiong J, Wang M, Zhang Y, Nie L, He T, Wang Y, et al. Association of 
geriatric Nutritional Risk Index with mortality in hemodialysis patients: 
a meta-analysis of cohort studies. Kidney Blood Press Res 2018; 
43:1878–1889.

4 Honda Y, Nagai T, Iwakami N, Sugano Y, Honda S, Okada A, et al.; NaDEF 
Investigators. Usefulness of Geriatric Nutritional Risk Index for assessing 
nutritional status and its prognostic impact in patients aged ≥65 years with 
acute heart failure. Am J Cardiol 2016; 118:550–555.

5 Luo H, Yang H, Huang B, Yuan D, Zhu J, Zhao J. Geriatric Nutritional Risk 
Index (GNRI) independently predicts amputation in chronic critical limb 
ischemia (CLI). PLoS One 2016; 11:e0152111.

6 Kunimura A, Ishii H, Uetani T, Aoki T, Harada K, Hirayama K, et al. Impact of 
Geriatric Nutritional Risk Index on cardiovascular outcomes in patients with 
stable coronary artery disease. J Cardiol 2017; 69:383–388.

7 Gensini GG. A more meaningful scoring system for determining the severity 
of coronary heart disease. Am J Cardiol 1983; 51:606.

8 Serruys PW, Morice MC, Kappetein AP, Colombo A, Holmes DR, Mack 
MJ, et al. Percutaneous coronary intervention versus coronary artery 
bypass grafting for severe coronary artery disease. N Eng J Med 2009; 
360:961–972.

9 Chen ZW, Chen YH, Qian JY, Ma JY, Ge JB. Validation of a novel clinical 
prediction score for severe coronary artery diseases before elective coro-
nary angiography. PLoS One 2014; 9:e94493.

10 Buzby GP, Williford WO, Peterson OL, Crosby LO, Page CP, Reinhardt 
GF, Mullen JL. A randomized clinical trial of total parenteral nutrition in mal-
nourished surgical patients: the rationale and impact of previous clinical 
trials and pilot study on protocol design. Am J Clin Nutr 1988; 47:357– 
365.

11 Bouillanne O, Morineau G, Dupont C, Coulombel I, Vincent JP, Nicolis I, et 
al. Geriatric Nutritional Risk Index: a new index for evaluating at-risk elderly 
medical patients. Am J Clin Nutr 2005; 82:777–783.

12 Yamada K, Furuya R, Takita T, Maruyama Y, Yamaguchi Y, Ohkawa S, Kumagai 
H. Simplified nutritional screening tools for patients on maintenance hemodi-
alysis. Am J Clin Nutr 2008; 87:106–113.

13 Shah B, Sucher K, Hollenbeck CB. Comparison of ideal body weight 
equations and published height-weight tables with body mass index tables 
for healthy adults in the United States. Nutr Clin Pract 2006; 21:312– 
319.

14 Matsuzawa Y, Tokunaga K, Kotani K, Keno Y, Kobayashi T, Tarui S. Simple 
estimation of ideal body weight from body mass index with the lowest mor-
bidity. Diabetes Res Clin Pract 1990; 10:59–64.

15 Examination Committee of Criteria for ‘Obesity Disease’ in Japan; Japan 
Society for the Study of Obesity. New criteria for ‘obesity disease’ in Japan. 
Circ J 2002; 66:987–992.

16 Cereda E, Pedrolli C. The Geriatric Nutritional Risk Index. Curr Opin Clin 
Nutr Metab Care 2009; 12:1–7.

17 Wada H, Dohi T, Miyauchi K, Doi S, Naito R, Konishi H, et al. Prognostic 
impact of the Geriatric Nutritional Risk Index on long-term outcomes in 
patients who underwent percutaneous coronary intervention. Am J Cardiol 
2017; 119:1740–1745.

18 Wada H, Dohi T, Miyauchi K, Endo H, Tsuboi S, Ogita M, et al. Combined 
effect of nutritional status on long-term outcomes in patients with coro-
nary artery disease undergoing percutaneous coronary intervention. Heart 
Vessels 2018; 33:1445–1452.

19 Huang BT, Peng Y, Liu W, Zhang C, Chai H, Huang FY, et al. Nutritional state 
predicts all-cause death independent of comorbidities in geriatric patients 
with coronary artery disease. J Nutr Health Aging 2016; 20:199–204.

20 Kawamiya T, Suzuki S, Ishii H, Hirayama K, Harada K, Shibata Y, et al. 
Correlations between Geriatric Nutritional Risk Index and peripheral artery 
disease in elderly coronary artery disease patients. Geriatr Gerontol Int 
2017; 17:1057–1062.

21 Wada H, Dohi T, Miyauchi K, Doi S, Konishi H, Naito R, et al. Prognostic 
impact of nutritional status assessed by the Controlling Nutritional Status 
score in patients with stable coronary artery disease undergoing percutane-
ous coronary intervention. Clin Res Cardiol 2017; 106:875–883.

22 Kunimura A, Ishii H, Uetani T, Aoki T, Harada K, Hirayama K, et al. Impact 
of nutritional assessment and body mass index on cardiovascular out-
comes in patients with stable coronary artery disease. Int J Cardiol 2017; 
230:653–658.

23 Wada H, Dohi T, Miyauchi K, Jun S, Endo H, Doi S, et al. Relationship 
between the Prognostic Nutritional Index and long-term clinical outcomes in 
patients with stable coronary artery disease. J Cardiol 2018; 72:155–161.

24 Basta G, Chatzianagnostou K, Paradossi U, Botto N, Del Turco S, Taddei A, 
et al. The prognostic impact of objective nutritional indices in elderly patients 
with ST-elevation myocardial infarction undergoing primary coronary interven-
tion. Int J Cardiol 2016; 221:987–992.

25 Chen QJ, Qu HJ, Li DZ, Li XM, Zhu JJ, Xiang Y, et al. Prognostic Nutritional 
Index predicts clinical outcome in patients with acute ST-segment elevation 
myocardial infarction undergoing primary percutaneous coronary interven-
tion. Sci Rep 2017; 7:3285.

26 Zhang Z, Pereira SL, Luo M, Matheson EM. Evaluation of blood biomarkers 
associated with risk of malnutrition in older adults: a systematic review and 
meta-analysis. Nutrients 2017; 9:829.

27 Ignacio de Ulíbarri J, González-Madroño A, de Villar NG, González P, 
González B, Mancha A, et al. CONUT: a tool for controlling nutritional status. 
First validation in a hospital population. Nutr Hosp 2005; 20:38–45.

28 Parsa AF, Jahanshahi B. Is the relationship of body mass index to severity of 
coronary artery disease different from that of waist-to-hip ratio and severity 
of coronary artery disease? Paradoxical findings. Cardiovasc J Afr 2015; 
26:13–16.

29 Labounty TM, Gomez MJ, Achenbach S, Al-Mallah M, Berman DS, Budoff 
MJ, et al. Body mass index and the prevalence, severity, and risk of coro-
nary artery disease: an international multicentre study of 13,874 patients. Eur 
Heart J Cardiovasc Imaging 2013; 14:456–463.

30 Dores H, de Araújo Gonçalves P, Carvalho MS, Sousa PJ, Ferreira A, Cardim 
N, et al. Body mass index as a predictor of the presence but not the severity 
of coronary artery disease evaluated by cardiac computed tomography. Eur 
J Prev Cardiol 2014; 21:1387–1393.

31 Eckart A, Struja T, Kutz A, Baumgartner A, Baumgartner T, Zurfluh S, 
et al. Relationship of nutritional status, inflammation, and serum albu-
min levels during acute illness: a prospective study. AM J MED 2019; 
18:S0002-9343(19)30975-1.

32 Don BR, Kaysen G. Serum albumin: relationship to inflammation and nutri-
tion. Semin Dial 2004; 17:432–437.

33 Lapenna D, Ciofani G, Ucchino S, Pierdomenico SD, Cuccurullo C, 
Giamberardino MA, Cuccurullo F. Serum albumin and biomolecular oxi-
dative damage of human atherosclerotic plaques. Clin Biochem 2010; 
43:1458–1460.

34 Nakagomi A, Kohashi K, Morisawa T, Kosugi M, Endoh I, Kusama Y, et al. 
Nutritional status is associated with inflammation and predicts a poor out-
come in patients with chronic heart failure. J Atheroscler Thromb 2016; 
23:713–727.

35 Stenvinkel P, Heimbürger O, Paultre F, Diczfalusy U, Wang T, Berglund L, et 
al. Strong association between malnutrition, inflammation, and atherosclero-
sis in chronic renal failure. Kidney Int 1999; 55:1899–1911.

36 Perunicic-Pekovic G, Pljesa S, Rasic-Milutinovic Z, Stankovic S, Ilic M, 
Maletic R. Inflammatory cytokines and malnutrition as related to risk for 



Copyright © 2021 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

6 Coronary Artery Disease 2021, Vol XXX No XXX

cardiovascular disease in hemodialysis patients. Can J Physiol Pharmacol 
2008; 86:205–209.

37 Springer J, Filippatos G, Akashi YJ, Anker SD. Prognosis and therapy 
approaches of cardiac cachexia. Curr Opin Cardiol 2006; 21:229–233.

38 Young JL, Libby P, Schönbeck U. Cytokines in the pathogenesis of athero-
sclerosis. Thromb Haemost 2002; 88:554–567.

39 Harada K, Suzuki S, Ishii H, Hirayama K, Aoki T, Shibata Y, et al. Nutrition sta-
tus predicts severity of vascular calcification in non-dialyzed chronic kidney 
disease. Circ J 2017; 81:316–321.

40 Ko BJ, Chang Y, Jung HS, Yun KE, Kim CW, Park HS, et al. Relationship 
between low relative muscle mass and coronary artery calcification in healthy 
adults. Arterioscler Thromb Vasc Biol 2016; 36:1016–1021.


