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Abstract
Background: The Prognostic Nutritional Index (PNI) has been reported to be correlated with long-term outcomes after gas-
trointestinal tumor surgery. However, to our knowledge, only a few studies have shown that the PNI is related to cardiovascular
diseases. Therefore, we aimed to assess the association between the PNI and long-term outcomes in patients with coronary
artery disease (CAD) undergoing percutaneous coronary intervention (PCI).
Methods: This was retrospective observational study. A total of 3561 patients with CAD after PCI were retrospectively
enrolled in the CORFCHD-ZZ study from January 2013 to December 2017. The patients (3519) were divided into three groups
according to PNI tertiles: the first tertile (PNI < 47.12, n= 1173), the second tertile (47.12≤ PNI < 51.50, n= 1185), and the third
tertile (PNI≥ 51.50, n= 1161). The mean follow-up time was 37.59± 22.24 months. The primary endpoint long-term mortality,
including all-cause mortality (ACM) and cardiac mortality (CM).Secondary endpoints were major adverse cardiovascular events
(MACEs) and major adverse cardiovascular and cerebrovascular events (MACCEs).
Result: In our study, the incidences of ACM in the first, second, and third tertiles were 3.8%, 1.8% and 1.4%, respectively (P<
0.001). The incidences of CM occurring in the first, second, and third tertiles were 1.7%, 3.1% and 2.1%, respectively (P<
0.001).There was statistically significant different in primary endpoints incidence. MACEs occurred in 139 patients (11.8%) in
the first tertile, 121 patients(11.1%) in the second tertile and 123 patients(10.8%) in the third tertile(P= 0.691). MACCEs
occurred in 183 patients (15.6%) in the first tertile, 174 patients(14.7%) in the second tertile and 160 patients(13.85%) in
the third tertile(P= 0.463).There was no statistically significant different in secondary endpoints incidence. Kaplan–Meier analyses
showed that elevated PNI was significantly related to long-term CM (log rank, P < 0.001) and long-term ACM (log-rank, P <
0.001). Cox regression analyses suggested that compared with the patients in the first tertile, the risk of ACM was decreased
to 60.9% (HR= 0.609, 95% CI: 0.398–0.932, P= 0.029) in the second tertile and 40.3%(HR= 0.403, 95% CI: 0.279–0.766, P=
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0.003) in the third tertile, while the risk of CM was decreased to 58.8%(HR= 0.588, 95% CI: 0.321–0.969, P= 0.038) in the sec-
ond tertile and 46.6%(HR= 0.466, 95% CI: 0.250–0.870, P= 0.017) in the third tertile. Multivariate Cox regression analyses
showed that the PNI was an independent predictor of long-term ACM and CM.
Conclusion: Our finding shown that PNI is an independent predictor in CAD patients after PCI，the higher the PNI, the less occur-
ring adverse event. Therefore，PNI may be an new biomarker to predict long-term outcome of CAD patients after PCI.

Keywords
prognostic nutritional index, coronary artery disease, percutaneous coronary intervention, mortality, long-term prognosis,
derived prognostic nutritional index
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Background
Coronary artery disease (CAD) is a heart disease affecting millions
of individuals worldwide, which is one of the leading cause of
death in chronic diseases throughout the world.It has been the
leading cause of death from chronic diseases worldwide.1CAD
is a disease with multiple mechanisms.These mechanisms are oxi-
dative stress,2 thrombosis,3estrogen deficiency4 and lipid metabo-
lism5 which have been well recognized in the past. In addition,
increasing evidence has recently suggested that inflammation
plays an important role in the progression of coronary disease.6, 7

Percutaneous coronary intervention (PCI) is a treatment
method that improves myocardial perfusion by unblocking
the lumen of narrowed or even occluded coronary arteries.
Cardiac catheterization technique is an effective treatment for
CAD.8, 9 However, cardiovascular adverse events can still
occur in some patients undergoing PCI. Therefore, it is partic-
ularly important to analyze the prediction of long-term
adverse outcomes in patients with CAD after PCI.

The prognostic nutritional index (PNI) is calculated by the
serum albumin concentration and total lymphocyte count in periph-
eral blood. This indicator quantifies nutritional and immunological
status.10 It was initially designed to evaluate the long-term out-
comes and prognoses in patients with gastrointestinal cancers.11

Since then, the significance of the PNI as a prognostic predictor
has been revealed in various types of human cancers.12–14

However, only a few studies have shown that the PNI is
associated with cardiovascular disease. Therefore, we con-
ducted a study with a larger sample size and aimed to investi-
gate the correlation between PNI and clinical outcomes in
patients with CAD who underwent PCI.

Methods

Study Design and Population
This is a large, single-center, retrospective cohort study. From
2013 to 2017, 3561 CAD patients hospitalized at the First
Affiliated Hospital of Zhengzhou University were initially
enrolled in the Clinical Outcomes and Risk Factors of Patients
with Coronary Heart Disease after PCI (CORFCHD-ZZ, identi-
fier: ChiCTR1800019699) study; 42 patients were subsequently

eliminated due to unavailable baseline Alb or TLC data. Finally,
there were 3519 patients who were enrolled in the present study.
All of the aforementioned results are shown in Figure 1.

The inclusion criteria for the study population were as follows:
(1) patients older than 18 years old and younger than 80 years
old; (2) at least one coronary artery with ≥50% stenosis confirmed
by coronary angiography; (3) at least one clinical phenotype of
CAD -- stable angina or acute coronary syndrome; (4) an objective
test with evidence of myocardial ischemia -- positive plate test, FFR
<0.8, OCT or IVUS suggestive of unstable plaque; and (5) treat-
ment with percutaneous coronary intervention (PCI) in our hospital.

The exclusion criteria for the study population were as
follows: (1) younger than 18 years of age or older than 80
years of age; (2) combined with severe valvular heart disease;
(3) combined with severe congenital heart disease; (4) combined
with hyperthyroidism, anemia or hyperdynamic heart disease; (5)
combined with pulmonary heart disease; (6) combined with hyper-
trophic obstructive cardiomyopathy; (7) combined with hepatic
insufficiency (defined as alanine aminotransferase or total bilirubin
more than 3 times the upper limit of normal); (8) combined with
renal insufficiency (defined as serum creatinine exceeding 1.5
times the upper limit of normal); (9) not infected 2 weeks prior
to onset; and (10) combined hematologic disorders, such as
various types of anemia, leukemia, lymphoma and other diseases.

Figure 1. The flowchart of patient’s enrollment.
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Definitions
Hypertension was defined as a previous definitive diagnosis that
referred to systolic blood pressure (SBP) of ≥140 mm Hg and/or
a diastolic blood pressure (DBP) of ≥90 mm Hg on at least three
resting measurements at no fewer than two separate health care
visits according to the American Heart Association (AHA) recom-
mendations.15 Diabetes was defined as a previous definitive diagnosis
that referred to fasting plasma glucose (FPG) ≥ 7.0 mmol/L or two-
hour postprandial glucose (2-h PG) ≥ 11.1 mmol/L during an oral
glucose tolerance test (OGTT) according to the American Diabetes
Association (ADA) recommendations.16 MACEs were defined as
cardiac death, heart failure, bleeding events and readmission.
MACCEs were defined as MACEs combined with stroke.

Clinical and Demographic Characteristics Collection
Data on clinical and demographic characteristics, including age,
sex, history of hypertension and diabetes, family history of
CAD, and smoking and drinking status, were collected from
the medical records of inpatients at the First Affiliated
Hospital of Zhengzhou University.

The laboratory data included plasma and biochemical
parameters, such as the levels of serum albumin (Alb), total
lymphocyte count (TLC), absolute neutrophil count (ANC),
platelet count (PLT), red blood count (RBC), globulin (Glb), tri-
glycerides (TG), total cholesterol (TC), low-density lipoprotein
cholesterol (LDL-C), high-density lipoprotein cholesterol
(HDL-C), blood urea nitrogen (BUN), creatinine (Cr), uric
acid (UA), glomerular filtration rate (GFR), glucose (GLU),
alanine aminotransferase (ALT), aspartate aminotransferase
(AST), and gamma-glutamyl transferase (GGT).

Patients were advised to fast for at least 12 h before blood
samples were collected.

Measurement of blood parameters was performed using a
standard method in accordance with the central laboratory

standard of the First Affiliated Hospital of Zhengzhou
University.

We also noted the angiographic results of the patients,
including lesion extent, lesion location, lesion stenosis, stent
implantation site and number, preoperative TIMI grading, etc,
which were obtained in the cardiac catheterization operating
rooms in the First Affiliated Hospital of Zhengzhou University.

Endpoints and Follow-up
The primary endpoint was long-term mortality, including all-
cause mortality (ACM) and cardiac mortality (CM). The sec-
ondary endpoints were major adverse cardiovascular events
(MACEs) and the composite of major adverse cardiovascular
and cerebrovascular events (MACCEs). The follow-up time
ranged from 15 to 50 months, and the mean value was 37.59
± 22.24 months. During the follow-up, compliance with drugs
and adverse events were carefully assessed by well-trained clin-
ical physicians.

Statistical Analysis
All data were analyzed using SPSS software, version 22.0. We
divided the PNI into three groups according to derived PNI
tertiles: the first tertile (PNI < 47.12, n= 1173), the second
tertile (47.12≤ PNI < 51.50, n= 1185) and the third tertile
(PNI≥ 51.50, n= 1161). This classification indicates the nutri-
tional status of the population: the first tertile (PNI1) repre-
sents the population of patients who are malnourished, the
second tertile (PNI2) represents the population of patients
who are nutritionally eligible, and the third tertile (PNI3) rep-
resents the population of patients who are well nourished.
Continuous variables are expressed as the mean± standard
deviation (normally distributed) and the median and interquar-
tile range (not normally distributed). They were compared
using ANOVA. Categorical variables are expressed as

Table 1. Baseline Characteristics of Patients.

Variables PNI < 47.12 47.12≤ PNI≤ 51.50 PNI>51.50 χ2 or F P-Value

Age,years 65.82± 10.28 63.35± 10.01 60.58± 10.83 74.512 <0.001
Gender(Male), n (%) 833(71.0) 797(67.3) 796(68.6) 4.002 0.135
Hypertension, n (%) 618(52.7) 678(57.2) 653(54.2) 5.413 0.067
Diabetes, n (%) 273(23.3) 270(22.8) 287(24.7) 1.314 0.518
Heart rate, bpm 74.82± 12.16 74.14± 10.73 74.87± 26.22 0.625 0.535
Smoking, n (%) 360(30.7) 352(29.7) 361(31.1) 0.567 0.753
Drinking, n (%) 176(15.0) 196(16.5) 198(17.1) 1.961 0.375
Cr, umol/L 71.00(60.90,82.90) 68.90(58.00,79.00) 68.80(59.00,80.00) 12.188 <0.001
UA, mmol/L 293.82± 90.49 295.50± 81.64 307.14± 85.34 2.063 <0.001
TG, mmol/L 1.18(0.91,1.68) 1.38(1.02,1.93) 1.60(1.14,2.19) 54.498 <0.001
TC, mmol/L 3.72± 0.99 3.92± 1.00 4.05± 1.05 28.131 <0.001
HDL-C, mmol/L 1.01± 0.27 1.04± 0.27 1.07± 0.34 8.913 <0.001
LDL-C, mmol/L 2.28± 0.79 2.24± 0.86 2.47± 0.86 14.037 <0.001

Data presented as mean± SD, median and interquartile range or n (%).
Abbreviation: PNI Prognostic nutritional index, HR Heart rate, BUN Blood urea nitrogen, Cr Creatinine, UA Uric acid, TG Triglyceride, TC Total cholesterol, HDL-C
High-density lipoprotein cholesterol, LDL-C Low-density lipoprotein cholesterol.
Note: The boldfaced P-Values are statistically different.
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frequencies and percentages. They were compared using the
chi-square test. The Kaplan-Meier method and the log-rank test
were used to estimate the cumulative incidence of long-term
adverse outcomes. A multivariate Cox proportional risk regres-
sion model was used to assess the independent predictive value
of the PNI for long-term adverse outcomes. A P value <0.05 indi-
cated that the data differences were statistically significant.

Results

Baseline Characteristics
In our study, the critical values of the baseline PNI were 47.12 and
51.50 according to the basic status of the population. A total of 3519
patients with CAD after PCI were divided into three groups accord-
ing to the derived PNI tertile: the first tertile (PNI<47.12, n=1173),
the second tertile (47.12≤PNI<51.50, n=1185) and the third
tertile (PNI≥51.50, n=1161). As shown in Table 1, we found
that there were significant differences in several variables among
the three groups, such as age, Cr, UA, TC, TG, HDL-C and
LDL-C (all P<0.05). However, the following variables were not
significantly different among the three groups: sex, hypertension,
diabetes, HR, smoking and drinking (all P≥0.05).

Outcomes
As shown in Table 2, for the primary end point, the incidences
of ACM (3.8% vs 1.8% vs 1.4%, P< 0.001) and CM (5.9% vs

3.1% vs 2.1%, P< 0.001) were significantly different among the
three groups, but for the secondary end points, we found that
there were no significant differences among the three groups
in the incidence of MACEs (11.8% vs 11.1% vs 10.8%, P=
0.691) and MACCEs (15.6% vs 14.7% vs 13.85%, P= 0.463).

Furthermore, as shown in Table 3, Figure 2 and Figure 3, the
Kaplan-Meier analyses showed that an elevated PNI was signif-
icantly related to long-term ACM (log-rank, P< 0.001) and CM
(log-rank, P< 0.001).

Multivariate Cox regression analyses showed that the PNI
was an independent predictor of long-term ACM and CM.

Multivariate Cox proportional hazards regression models
were conducted to evaluate the correlation between the PNI
and outcomes; the models were adjusted for confounding
factors, including age, sex, hypertension, diabetes, smoking,
drinking, Cr, UA, TG, TC, HDL-C and LDL-C. The results
suggested that, compared with the patients in the first tertile,
the risk of ACM was decreased to 60.9% (HR= 0.609, 95%
CI: 0.398–0.932, P= 0.029) in the second tertile and 40.3%
(HR= 0.403, 95% CI: 0.279–0.766, P= 0.003) in the third
tertile, while the risk of CM was decreased to 58.8% (HR=
0.588, 95% CI: 0.321–0.969, P= 0.038) in the second tertile
and 46.6% (HR= 0.466, 95% CI: 0.250–0.870, P= 0.017) in
the third tertile. Therefore, an increased PNI was an indepen-
dent predictor of long-term ACM and CM. In addition, con-
founding variables of long-term ACM and CM are shown in
Table 4 and Table 5.

Discussion
In our study, we found that the PNI was independently associ-
ated with the prognosis of CAD patients who underwent PCI
and found that a lower prognostic nutritional index (PNI1)
was independently associated with adverse outcomes.
Besides, there were differences in age, Cr, UA, TG, TC,
HDL-C and LDL-C among the three groups of patients.
Patients with younger age had a higher nutritional index and
a good prognosis. HDL-C is a protective factor for patients
with CAD, we found that patients in the higher PNI group
had higher HDL-C. But the patients in the higher PNI group
had higher TG,TC and LDL-C, these may indicated why PNI
was not significant associated with secondary endpoints.

Table 2. Outcomes Comparison Between Groups.

Outcomes
PNI <
47.12

47.12≤
PNI≤
51.50

PNI >
51.50 χ2 P-Value

ACM, n (%) 45(3.8) 21(1.8) 16(1.4) 17.937 <0.001
CM, n(%) 29(1.7) 37(3.1) 24(2.1) 25.514 <0.001
MACEs, n
(%)

139(11.8) 131(11.1) 123(10.8) 0.739 0.691

MACCEs,
n (%)

183(15.6) 160(14.7) 160(13.9) 1.542 0.463

Abbreviation: ACM All-cause mortality, CM Cardiac mortality, MACEs Major
adverse cardiovascular events, MACCEs Major adverse cardiovascular and
cerebrovascular events.
Note: The boldfaced P-Values are statistically different.

Table 3. Incidence of Outcomes on Multivariate Cox Proportional Hazards Regression Models and log-Rank Test.

Outcomes

Adjust-HR(95% CI) Adjust P-Value Log-rank

PNI2versusPNI1 PNI3versusPNI1 PNI2versusPNI1 PNI3versusPNI1 χ2 P-value

ACM 0.609(0.398–0.932) 0.403(0.279–0.766) 0.029 0.003 26.197 <0.001
CM 0.588(0.321–0.969) 0.466(0.250–0.870) 0.038 0.017 18.792 <0.001
MACEs 0.925(0.714–1.197) 0.878(0.670–1.151) 0.552 0.347 1.229 0.541
MACCEs 0.951(0.759–1.192) 0.892(0.703–1.131) 0.662 0.344 2.332 0.312

Abbreviation: ACM All-cause mortality, CM Cardiac mortality, MACEs Major adverse cardiovascular events, MACCEs Major adverse cardiovascular and
cerebrovascular events.
Note: The boldfaced P-Values are statistically different.
Adjusted for age, creatinine, uric acid, triglyceride, total cholesterol, high-density lipoprotein cholesterol and low-density lipoprotein cholesterol.
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Figure 2. Cumulative Kaplan–Meier estimates of the time to the first adjudicated occurrence of ACM. The X axis represents the follow-up
time, and the Y axis represents the cumulative incidence of ACM. The yellow line indicates the first tertile (PNI1),the green line indicates the
second tertile (PNI2) and the blue line indicates the third tertile (PNI3).

Figure 3. Cumulative Kaplan–Meier estimates of the time to the first adjudicated occurrence of CM. The X axis represents the follow-up
time, and the Y axis represents the cumulative incidence of CM. The yellow line indicates the first tertile (PNI1),the green line indicates the
second tertile (PNI2) and the blue line indicates the third tertile (PNI3).
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The most representative of these researchers is Wada H,
who found that the PNI had a significant relationship with
long-term outcomes in patients with stable CAD in a
Japanese population.17 Nevertheless, compared to our study,
the analysis method for determining the PNI cutoff value
was different, and their study had a smaller sample size.
Furthermore, our research is the first study to investigate the
relationship between the PNI and outcomes in CAD patients
after PCI in China, the nation with the largest population
worldwide.

Several mechanistic pathways could connect the PNI to
adverse prognosis in patients with CAD after PCI. Below are
explanations for the association between the PNI and patients
from the mechanistic point of view.

First, previous studies have suggested that the PNI can reflect
systemic inflammation and nutritional status to accurately predict
cancer patient prognosis.18, 19 Furthermore, Alparslan Kurtul
et al(2021) recently found that the PNI also reflected the
immunonutritional-inflammatory status in cardiovascular dis-
eases.20 Therefore, we strongly believe that adverse cardiovascular
events are associated with a reduction in the PNI through the
inflammatory response. Moreover, relevant research has stated
that serum albumin is a negative acute phase reactant. It has also
been reported that a decrease in serum albumin synthesis associated
with inflammation is followed by an increase in catabolism.21, 22

While serum albumin levels are reduced, proinflammatory cytokines
(eg, TNF-α, NF-kB, etc) are activated, thereby promoting the
development, formation, and rupture of atherosclerotic lesions

Table 4. Cox Regression Analysis Results for Long-Term ACM.

Variables B SE Wald P-Value HR 95%CI

Gender −0.447 0.331 1.824 0.177 0.639 0.344–1.224
Age 0.057 0.012 21.266 <0.001 1.059 1.033–1.085
Hypertension 0.126 0.248 0.258 0.612 1.134 0.697–1.846
Diabetes 0.583 0.253 5.299 0.021 1.791 1.090–2.940
Smoking 0.257 0.308 0.700 0.403 1.294 0.708–2.364
Drinking −0.182 0.371 0.240 0.624 1.295 0.802–2.090
Cr 0.005 0.001 15.163 <0.001 1.005 1.002–1.007
UA 0.002 0.001 2.859 0.091 1.002 1.000–1.005
TG 0.032 0.131 0.059 0.809 1.032 0.798–1.335
TC 0.027 0.295 0.008 0.928 1.027 0.576–1.830
HDL-C −0.680 0.571 1.416 0.234 0.507 0.165–1.552
LDL-C −0.029 0.313 0.008 0.927 0.972 0.526–1.795
PNI1 7.509 0.023 1.000
PNI2 versus PNI1 −0.584 0.282 4.294 0.038 0.558 0.321–0.969
PNI3 versus PNI1 −0.764 0.319 5.743 0.017 0.466 0.250–0.870

Abbreviation: ACM All-cause mortality, Cr Creatinine, UA Uric acid, TC Total cholesterol, TG Triglyceride, HDL-C High-density lipoprotein cholesterol, LDL-C
Low-density lipoprotein cholesterol, PNI Prognostic nutritional index.
Note: The boldfaced P-Values are statistically different.

Table 5. Cox Regression Analysis Results for Long-Term CM.

Variables B SE Wald P-Value HR 95%CI

Gender −0.140 0.242 0.333 0.564 0.870 0.541–1.397
Age 0.064 0.010 41.202 <0.001 1.066 1.045–1.087
Hypertension 0.119 0.196 0.370 0.543 1.126 0.768–1.653
Diabetes 0.483 0.201 5.767 0.016 1.621 1.093–2.404
Smoking −0.036 0.270 0.018 0.894 0.965 0.568–1.637
Drinking −0.295 0.305 0.941 0.332 1.344 0.740–2.441
Cr 0.006 0.001 39.432 <0.001 1.006 1.004–1.008
UA 0.001 0.001 0.571 0.450 1.001 0.999–1.003
TG −0.001 0.097 0.000 0.993 0.999 0.827–1.207
TC 0.262 0.167 2.462 0.117 1.300 0.937–1.804
HDL-C −0.439 0.415 1.122 0.290 0.645 0.286–1.453
LDL-C −0.276 0.187 2.178 0.140 0.759 0.526–1.095
PNI1 10.701 0.005 1.000
PNI2 versus PNI1 −0.496 0.217 5.215 0.022 0.609 0.398–0.932
PNI3 versus PNI1 −0.771 0.257 8.969 0.003 0.463 0.279–0.766

Abbreviation: CM Cardiac mortality, Cr Creatinine, UA Uric acid, TC Total cholesterol, TG Triglyceride, HDL-C High-density lipoprotein cholesterol, LDL-C
Low-density lipoprotein cholesterol, PNI Prognostic nutritional index.
Note: The boldfaced P-Values are statistically different.
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in coronary arteries.23 Therefore, decreased serum albumin levels
are considered a risk factor for CAD. Last but not least, an
increasing number of studies have shown that a decrease in
blood lymphocyte count is strongly correlated with the develop-
ment of premature CAD.24 The redistribution of T cells from the
circulation to lymphoid tissue could exacerbate lymphocyte
growth; it might induce compensatory proliferation of
antigen-experienced T cells, which could increase the risk of car-
diovascular disease.25Therefore, a low lymphocyte count is con-
sidered a risk factor for coronary heart disease. In summary, there
is much evidence that decreased serum albumin levels and low
lymphocyte counts are both risk factors that contribute to the
development of coronary atherosclerosis. Based on the PNI
being made up of Alb and TLC, we hold the view that the PNI
is related to inflammation and immunity.

The significance of our study was that we provide strong
support that the inflammatory response plays an important
role in the development of CAD. At the same time, we also
provide a simple and easy monitoring indicator for patients
after PCI to estimate the probability of adverse prognostic out-
comes. However, there were also some limitations to our
research, which are as follows. First, we only collected the base-
line data of Alb and TLC; the influence of dynamic changes in
the PNI on mortality was unclear. In addition, our study had a
single-center, retrospective cohort design; therefore, a multi-
center cohort design is needed in the future. Finally, the
follow-up data collection was incomplete in this study, which
could have caused selection bias. Therefore, the findings in
our study must be further demonstrated in different populations.

Conclusion
In conclusion, we found in the present study that the PNI is a
simple, reliable, inexpensive, effective and independent predic-
tor of adverse outcomes in patients with CAD after PCI.
However, we require more prospective trials to further demon-
strate the prognostic value of the PNI in CAD patients.
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