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Abstract
Objective: Cardiovascular disease and malnutrition may be interrelated, and malnutrition may directly contribute 

to a fatal outcome. We aimed to evaluate the predictive role of Nutritional Risk Index (NRI) in prevalence of Coronary 
Artery Disease (CAD) in Chinese middle-aged and elderly male patients. 

Methods: Levels of serum albumin, prealbumin and hemoglobin were determined at hospital admission in 197 
enrolled patients. The body mass index (BMI) was calculated as weight in kilograms divided by height (meters²). The 
NRI formula as follows: NRI= (1.519 × serum albumin, g/dL) + (41.7 × present weight (kg)/ideal body weight (kg)).

Results: There were high levels of albumin and NRI in CAD cases as compared to controls. The percentages 
of malnutrition in all patients, CAD patients and control cases were 37.56%, 33.96% and 52.63%, respectively. The 
patients with malnutrition had lower prevalence of coronary artery disease as compared to the patients with better 
nutrition (69.64% vs. 86.14%). NRI value was closely related to prevalence of CAD, and was an independent risk 
factor for CAD. The area under the curve of NRI was 0.65, and the Youden index of NRI was 0.33. The sensitivity and 
specificity of NRI for predicting prevalence of CAD were 89.18% and 43.56%, respectively. The optimal diagnosis 
criterion of NRI for CAD was higher than 45.29. 

Conclusion: Malnutrition as assessed by NRI is associated with prevalence of CAD, and is a more reliable and 
independent indicator of prevalence of CAD in Chinese middle-aged and elderly male patients. 
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Introduction
It is reported that malnutrition is the leading cause of disease 

burden in developing countries with high morbidity and mortality 
rates. The prevalence of protein-energy malnutrition increases with 
age. Some studies showed that 30% to 50% of hospitalized patients are 
described as malnourished or at a risk of malnutrition, with higher rates 
of malnutrition reported specifically in elderly subjects [1]. Multiple 
studies have been carried out to explore the association between 
malnutrition and various chronic diseases such as cancer [2] infections 
[3] and chronic kidney diseases [4]. Associations have been reported
between poor nutritional status and impaired wound healing, increased 
post-operative complications and mortality [5-7]. Some studies showed 
that cardiovascular disease and protein energy malnutrition may be
interrelated and protein energy malnutrition may directly contribute
to a fatal outcome [8,9]. A previous study showed that protein energy
malnutrition and atherosclerosis are interrelated [10]. Therefore, there
is a rationale to routinely screen patients for nutritional risk and risk for 
complications at hospital admission [11].

The nutritional makers such as BMI, hemoglobin, albumin and 
prealbumin are often used to evaluate nutrition status in clinical 
practice previously. Nowadays, numerous researchers have sought 
a reliable, valid scoring system that can identify patients with poor 
nutritional status [12]. Many nutrition risk scores to predict nutrition-
related complications in gastrointestinal surgery are available, 
including the nutrition risk index (NRI), the nutrition risk score, and 
the bioelectrical impedance analysis [13]. Among them, the NRI, which 
is based on the serum albumin concentration and weight loss, has been 
shown to identify patients at risk for postoperative complications [13]. 
NRI is based on a mathematical equation, can easily be scored after 
one laboratory test, does not require subjective judgement, and can be 
safely applied in the clinical setting, with no significant effect on the 
predictive value [12]. It is well known that diet and lifestyle are closely 
associated with the development and treatment of coronary heart 

disease. However, the relationship between protein energy malnutrition 
and prevalence of coronary artery disease is unclear. Our study aimed 
to evaluate the predictive value of nutritional risk index in prevalence 
of coronary artery disease in Chinese middle-aged and elderly male 
patients. 

Methods 
Study population 

The present study was retrospective in design. A total of 300 elderly 
male patients aged 53 and older were recruited from PLA general 
hospital during the period of January 2008 to December 2010. The 
patients who had been lying in bed long-term were excluded due to not 
measuring height under standing position, and of these 300 patients, 
197 were enrolled in the study. All selected patients could take relative 
drugs according to their condition. Levels of serum albumin, serum 
prealbumin, serum total protein, serum hemoglobin, and serum lipids 
were determined at hospital admission. Malnutrition was defined as 
serum prealbumin level of less than 150 mg/L and/or serum albumin 
level of less than 35 g/L in our study [14,15]. An informed consent was 
obtained from all 197 patients prior to enrollment in the study. The 
Committee on Clinical Research of Chinese PLA General Hospital 
approved the study protocol. 
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Measurements

Anthropometric measures: All measurements were taken at the 
hospital admission. Body weight (BW) was measured to the nearest 0.1 
kg (Weight Tronix, New York, NY, USA) and height to the nearest 0.5 
cm using a stadiometer (Holtain; Crosswell, Wales). Ideal BW (IBW) 
was calculated according to the Lorentz formula that takes into account 
patient’s height and sex as follows: IBW (kg)=height (cm)–100–{[height 
(cm)-150]/4}. The Body Mass Index (BMI: kilograms/meters2) was 
calculated as weight in kilograms divided by height (meters²).

Laboratory measures: Blood samples for serum total protein, 
serum albumin, serum prealbumin, serum hemoglobin and serum 
lipids levels were drawn on admission. Serum hemoglobin was routinely 
measured as part of a routine blood test termed complete blood count 
using fully automated blood-cell analyzers (Lonsino Medical Products 
Co., Ltd., Jiangsu, China). Serum total protein, serum albumin, serum 
prealbumin were measured by a commercial kit (Abbott, IL, USA) 
using an automatic analyser (Aoreset, Abbott, IL, USA). Serum total 
cholesterol (TC), triglyceride (TG), low density lipoprotein (LDL)-
cholesterol concentrations, and high-density lipoprotein (HDL)-

cholesterol concentrations were measured by automated chemistry 
analyzer (Aeroset, Abbott, ILL, USA) by using commercial kits (Abbott, 
ILL, USA). 

Nutritional risk index: The NRI was originally derived from the 
serum albumin concentration and the ratio of present to usual [16,17]. 

Faced with the difficulty in identifying the usual body weight of heart 
failure patients, we alternatively used ideal body weight instead of usual 
body weight in the NRI formula [18] as follows: NRI= (1.519 × serum 
albumin, g/dL) + {41.7 × present weight (kg)/ideal body weight(kg)}. 
From these NRI values, we divided all patients into three group: the 
patients with NRI <45; the patients with 45<NRI and NRI<50; the 
patients with NRI<50. 

Statement of ethical approval: The ethical approval of our study 
was obtained from the ethics committee of the Chinese PLA General 
Hospital. The reference number is 20130305. Written informed consent 
was obtained from all of the subjects included in the study.

Statistical Analysis
Statistical analysis was performed using a standard statistical 

software package (SPSS for Windows, version 17; SPSS; Chicago, IL, 
USA) and Medcalc software package (version 12.3.0.0; Belgium). 
Continuous variables are expressed as the mean ± SD. Patient groups 
were compared using Student’s t-test (for normally distributed variable) 
and the X2 test for categorical variables. Multiple logistic regressions 
were used to determine the association between nutritional risk factors 
and coronary artery disease. Receiver operating characteristic (ROC) 
curves and Youden index J were used to obtain the biomarker cut-
off points for predicting the prevalence of coronary artery disease. A 
P-value of less than 0.05 was considered statistically significant. 

Results
Clinic characteristics of the enrolled cases 

The clinic characteristics of our study participants (n=197) were 
shown in Table 1. The patients were divided into two groups according 
to whether coronary artery disease or malnutrition was present or not. 
The mean age of CAD cases was not significantly different as compared 
with controls. There were high levels of the weight, BMI, albumin, and 
nutritional risk index in CAD cases as compared to controls. The IBW 
values, serum hemoglobin, serum total protein, and serum prealbumin 
were not significantly different as compared with controls. In addition, 
the histories of hypertension and diabetes weren’t significantly different 
in CAD cases compared with controls. The lipid markers such as TC, 
TG, LDL-C and HDL-C weren’t significantly different in CAD cases 
compared with controls (Table 1). The percentages of malnutrition 
in all patients, CAD patients and control cases were 37.56%, 33.96% 
and 52.63%, respectively. As compared with control cases, the BMI, 
hemoglobin, albumin, prealbumin and NRI in cases with malnutrition 
were lower (Table 2).

Effect of malnutrition on prevalence of coronary artery 
diseases

All patients were classified as two groups of patients with better 
nutrition and ones with malnutrition according to whether serum 
prealbumin level of less than 150 mg/L and an albumin level of less 
than 35 g/L were or not. We performed the X2 test to understand 
the role of malnutrition on prevalence of coronary artery diseases. 
The results showed that the patients with malnutrition had lower 
prevalence of coronary artery disease as compared to the patients 
with better nutrition (69.64% vs. 86.14%). Numerous measures had 

Variable All
Groups

CAD cases Controls P value
N 197 159 38 --

Age (yrs) 84.6954 ± 9.70 84.73 ± 0.75 84.55 ± 1.75 0.920
Height (m) 169.548 ± 5.68 169.57 ± 0.46 169.46 ± 1.02 0.916

Weight (kg) 69.8413 ± 
9.69087 70.77 ± 0.80 64.98 ± 2.44** 0.007

BMI (kg/m2) 24.026 ± 
4.74517 24.38 ± 0.84 22.23 ± 1.98* 0.042

IBM (kg) 63.46 ± 11.251 63.47 ± 1.10 63.44 ± 0.84 0.990
Hemoglobin 

(g/L)
124.984 ± 

19.45 125.70 ± 1.55 122.00 ± 3.16 0.293

Total protein 
(g/L) 67.03 ± 6.31 67.27 ± 0.51 66.04 ± 0.95 0.281

Albumin (g/L) 38.027 ± 4.776 38.36 ± 0.38 36.63 ± 0.69* 0.044
Prealbumin 

(mg/L) 230.919 ± 8.55 240.48 ± 0.76 210.62 ± 1.54 0.095

NRI 51.46 ± 6.168 51.98 ± 0.51 48.77 ± 1.72* 0.022
Hypertension 

(%) 83.76 84.91 78.95 0.374

Diabetes (%) 43.65 44.65 39.47 0.565
TC (mmol/L) 3.964 ± 0.854 3.91 ± 0.07 4.19 ± 0.15 0.075
TG (mmol/L) 1.435 ± 0.81 1.42 ± 0.066 1.487 ± 0.14 0.672

LDL-C 
(mmol/L) 2.26 ± 0.73 2.22 ± 0.06 2.453 ± 0.12 0.081

HDL-C 
(mmol/L) 1.09 ± 0.337 1.09 ± 0.03 1.10 ± 0.058 0.830

Notes: CAD: coronary artery disease; BMI: body mass index; IBM: idea body 
mass; NRI: nutrition risk index; TC: total cholesterol; TG: triglyceride; LDL-C: 
low density lipoprotein (LDL)-cholesterol concentrations; HDL-C: high density 
lipoprotein-cholesterol. *P<0.05; ** P<0.01

Table 1: Clinic characteristics of the patients.

Controls (n=123) Cases with malnutrition (n=74) P value
BMI (kg/m2) 24.58 ± 0.44 22.46 ± 0.81* 0.017

Hemoglobin (g/L) 130.03 ± 1.77 116.66 ± 1.90** 0.000
Albumin (g/L) 40.35 ± 0.30 34.17 ± 0.50** 0.000
Prealbumin 

(mg/L) 28.25 ± 0.93 19.06 ± 0.64** 0.000

NRI 52.63 ± 0.55 48.13 ± 1.06** 0.000
Notes: BMI: body mass index; NRI: nutrition risk index. *P<0.05; ** P<0.01

Table 2: Comparison of nutritional markers between controls and cases with 
malnutrition.
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been developed to assess the nutritional status of the hospitalized 
patients. Among them, the NRI was developed by the veterans affairs 
total parenteral nutrition cooperative study group. Based on the NRI 
values, we defined all patients as three grades of nutrition-related risk: 
i) patients with NRI<45; ii) patients with NRI 45-50; iii) patients with 
NRI>50. Our study revealed that the patients with NRI<45 had lower 
percentage of coronary artery disease as compared to the patients with 
NRI 45-50(58.44% vs. 84.39%) or NRI>50 (58.44% vs. 83.26%). 

Relationship between nutrition-related markers and coronary 
artery diseases

BMI, hemoglobin, albumin, prealbumin and NRI were often used 
to evaluate nutrition condition in clinical practice. To identify what 
nutritional-related markers were closely related to coronary artery 
diseases, we performed binary logistic regression analysis. All patients 
were divided into two groups according to whether NRI was less than 
45, serum hemoglobin was less than 120 g/L, serum albumin was less 
than 35 g/L or serum prealbumin was less than 150 mg/L. Our results 
showed that NRI was closely related to coronary artery diseases, and 
was an independent risk factor for coronary artery diseases. The 
variables such as BMI group, hemoglobin group, albumin group and 
prealbumin group were excluded from the equation. (Table 3)

Predictive value of nutritional risk index in prevalence of 
coronary artery diseases 

The respective cut-off points of malnutrition-related markers 

including NRI, BMI, prealbumin, albumin and hemoglobin for 
predictive value of coronary artery diseases were estimated according 
to the ROC curves. The current study showed that the areas under the 
curves of NRI, BMI, prealbumin, albumin and hemoglobin were 0.65, 
0.65, 0.64, 0.61, 0.61 and 0.56, respectively. The Youden index values of 
NRI, BMI, prealbumin, albumin and hemoglobin were 0.33, 0.34, 0.29, 
0.25 and 0.17, respectively. The sensitivity and specificity values of NRI, 
BMI, prealbumin, albumin and hemoglobin were presented in Table 4. 
NRI and BMI had higher sensitivity and lower specificity for predicting 
coronary artery disease. (Table 4 and Figure 1)

Discussion 
Malnutrition was reported to be the leading cause of disease 

burden in developing countries with high morbidity and mortality 
rates. The prevalence of malnutrition had been estimated to be as 
high as 50% among acutely hospitalized adults, depending on the 
definition employed and the population assessed [19,20]. Malnutrition 
was consistently associated with adverse clinical outcomes, including 
increased morbidity, mortality and length of hospital stay, and reduced 
quality of life [21,22]. Malnutrition was a common problem in elderly 
population at hospital admissions according to different methods used. 
According to mini nutritional assessment, 69% of patients had risk 

B S.E. Wald P value Exp (B)
Age -0.004 0.020 0.048 0.827 0.996
TC -0.323 0.565 0.326 0.568 0.724
TG -0.014 0.319 0.002 0.965 0.986

LDLC -0.070 0.572 0.015 0.903 0.932
HDLC 0.216 0.802 0.072 0.788 1.241

Hypertension -0.405 0.455 0.793 0.373 0.667
Diabetes -0.213 0.368 0.334 0.563 0.808

NRI group -1.530 0.616 6.169 0.013 0.216
BMI group 0.353 0.640 0.305 0.581 1.424

Hemoglobin 
group -0.378 0.702 0.289 0.591 0.685

Albumin group -0.375 0.697 0.290 0.590 0.687
Prealbumin 

group -1.250 0.762 2.692 0.101 0.287

Constant 2.041 0.336 36.877 0.000 7.700
Notes: CAD: coronary artery disease; BMI: body mass index; NRI: nutritional 
risk index; TC: total cholesterol; TG: triglyceride; LDL-C: low density lipoprotein 
(LDL)-cholesterol concentrations; HDL-C: high density lipoprotein-cholesterol. All 
patients were divided in two groups according to whether NRI was less than 45, 
hemoglobin was less than 120 g/L, albumin was less than 35 g/L or prealbumin 
was less than 150 mg/L. The variable such as NRI group was in the equation 
and the variables such as BMI group, hemoglobin group, albumin group and 
prealbumin group were excluded from the equation.

Table 3: Binary logistic regression analysis for independent risk factor for 
predicting CAD.

Area Std. 
Errora

P 
value Youden index J Sensitivity Specificity

NRI 0.65 0.07 0.000 0.33 89.18% 43.56%
BMI 0.65 0.07 0.028 0.34 89.16% 42.28%

Prealbumin 0.64 0.06 0.020 0.29 86.90% 33.98%
Albumin 0.61 0.05 0.020 0.25 87.85% 27.77%

Hemoglobin 0.56 0.05 0.210 0.17 86.35% 24.07%
Notes: NRI: nutrition risk index; BMI: body mass index

Table 4: ROC curve analysis for sensitivity and specificity of nutritional makers for 
predicting prevalence of coronary artery disease.
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Figure 1: ROC curve analysis for sensitivity and specificity of nutritional makers 
for predicting prevalence of coronary artery disease.
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associated to malnutrition (18% at high risk and 50% at moderate risk). 
46% and 20% of patients were classified at moderate malnutrition and 
severe malnutrition, respectively using the subjective global assessment 
[23]. Study of Pirlich et al. showed that patients with malignancies, 
inflammatory bowel disease, chronic heart failure and benign lung 
diseases need special attention due to the high prevalence of malnutrition. 
Malnutrition was present in 24.2% of all patients. High prevalence 
rates >30% were observed in subgroups of patients with inflammatory 
bowel diseases, chronic heart failure and benign lung diseases [24]. 

A study from China disclosed that the prevalence of malnutrition in 
hospitalized surgical patients was high. Malnutrition rate of all patients 
according to BMI, triceps skinfold (TSF), Mid-arm circumference 
(MAC), arm muscle circumference (AMC), albumin, prealbumin, 
and lymphocyte count was 21.3%, 50.6%, 20.5%, 21.2%, 24.2%, 35.4% 
and 55.8%, respectively. The prevalence of malnutrition as defined by 
subjective global assessment (SGA) and mini nutritional assessment 
(MNA) were 38.8% and 20.8%. The older patients (>60 years old) were 
associated with a higher prevalence of malnutrition (47.6%) compared 
with those younger than 60 (31.5%). Malnutrition was associated with 
increased length of stay, higher operative morbidity and complications 
[25]. Our study showed that the percentage of malnutrition in all elderly 
male patients was 37.56%, and the percentages of malnutrition in CAD 
patients and control cases were 33.96% and 52.63%, respectively. 

Nutritional status was often assessed by body mass index 
(BMI<22.0 kg/m², undernutrition; BMI>27.0 kg/m², overnutrition), 
hemoglobin (hemoglobin<120 g/dl, undernutrition; hemoglobin>120 
g/dl, undernutrition), albumin, and prealbumin. Amongst patients 
with suspected CAD referred for coronary computed tomography 
angiography (CCTA), individuals with increased BMI had greater 
prevalence, extent, and severity of CAD that was not fully explained 
by the presence of traditional risk factors. A higher BMI was 
independently associated with increased risk of intermediate-term risk 
of myocardial infarction [26]. Our study showed that the BMI in cases 
with malnutrition was lower than in control cases, and the BMI in CAD 
cases was higher as compared with control cases. However, BMI wasn’t 
an independent risk factor for coronary artery disease. The association 
between obesity and CAD may have changed over time, for example 
due to improved pharmacological treatment of CAD risk factors. A 
meta-analysis of 31 prospective cohort studies explored the influence of 
calendar period on CAD risk associated with BMI [27]. 

In addition, low baseline hemoglobin was associated with more 
comorbidities and could accurately predict 1-year mortality after an 
acute coronary syndrome [28]. In patients with NSTEMIs and managed 
with an invasive strategy, a lower hemoglobin level was associated with 
more extensive coronary artery disease and increased mortality [29]. 

Few studies reported that the relationship between serum hemoglobin 
and coronary artery disease. Our study showed that serum hemoglobin 
level in cases with malnutrition was lower than in controls, however 
serum hemoglobin in CAD cases was not different as compared with 
control cases, and serum hemoglobin level wasn’t an independent risk 
factor for coronary artery disease. Previous study showed that lower 
levels of serum albumin were associated with increased risk of all-cause 
and cardiovascular mortality as well as with coronary heart disease and 
stroke incidence [30]. 

A study demonstrated that albumin, more than body mass index, 
was associated with mortality and morbidity in isolated CABG recipients 
and may be a better indicator for outcomes [31]. Few studies reported 
the association between serum albumin, prealbumin and coronary 
artery disease. Our study showed that as compared with control cases, 
serum albumin in cases with malnutrition were lower than in controls, 

and there was a high level of serum albumin in CAD cases as compared 
to controls. However, serum albumin level wasn’t related to prevalence 
of coronary disease, and wasn’t an independent risk factor for coronary 
artery disease. In addition, serum prealbumin level in CAD cases wasn’t 
significantly different as compared with controls, and serum albumin 
level wasn’t related to prevalence of coronary disease, and wasn’t an 
independent risk factor for coronary artery disease. 

Numerous researchers had sought a reliable, valid scoring system 
that could identify patients with poor nutritional status [12]. Many 
nutrition risk scores to predict nutrition-related complications in 
gastrointestinal surgery were available, including the nutrition risk 
index (NRI), the nutrition risk score, and the bioelectrical impedance 
analysis. Among them, the NRI, which was based on the serum albumin 
concentration and weight loss, had been shown to identify patients at 
risk for postoperative complications [13]. From these NRI values, we 
defined four grades of nutrition-related risk: i) major risk (NRI<83.5); 
ii) moderate risk (NRI 83.5-97.5); iii) mild risk (NRI 97.5-100); iv) No 
risk (NRI>100). The NRI cut-off values were determined according to 
weight losses of 5%, 10% or 20%. The weight loss norms of 5% and 10% 
had already been validated by the European Society of Parenteral and 
Enteral Nutrition (ESPEN) Guidelines for Nutritional Screening [32]. 
Our study showed that the NRI value in all patients was 51.46 ± 6.168, 
and the NRI values in CAD cases and control cases were 51.98 ± 0.51 
and 48.77 ± 1.72, respectively. From these NRI values, we divided all 
patients into three groups: the patients with NRI<45; the patients with 
45<NRI and NRI<50; the patients with NRI>50. 

The current study provided evidence that NRI was closely, 
negatively and independently associated with prevalence of coronary 
artery disease. The relationship was independent of the other 
traditional nutritional markers such as BMI, hemoglobin, albumin and 
prealbumin. Moreover, we sought a cut-off point of NRI that would 
predict prevalence of coronary artery disease. The NRI value of 45.29 
was the best cut-off point for predicting prevalence of coronary artery 
disease in the current study. The NRI value had a higher sensitivity for 
predicting coronary artery disease. On the basis of these results, NRI 
appeared to be a new marker for predicting CAD. Lower prevalence 
of coronary artery disease might be explained in Chinese elderly male 
patients with reduced NRI. 

Conclusion
In conclusion, nutritional risk index was associated with prevalence 

of coronary artery disease, and the NRI was a more reliable and 
independent indicator of prevalence of coronary artery disease, and the 
NRI value of 45.29 was the best cut-off point for predicting prevalence 
of coronary artery disease in Chinese middle-aged and elderly male 
patients. 
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