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Association of prognostic
nutritional index with long-term
mortality in patients receiving
percutaneous coronary
intervention for acute coronary
syndrome: a meta-analysis

Wei-Ting Chang¥23, Cheuk-Kwan Sun*>, Jheng-Yan Wu®, Chia-Hung Yu’, Ying-Jen Chang’,
Ming-Chung Lin’, Kuo-Mao Lan®, I-Wen Chen®° & Kuo-Chuan Hung”:%:10¢

The predictive value of the prognostic nutritional index (PNI) for the long-term prognosis of patients
with acute coronary syndrome (ACS) remains uncertain. Medline, Embase, Cochrane Library, and
Google Scholar were searched from inception until January 2023 to study the relationship between
all-cause mortality risk and PNI in patients receiving percutaneous coronary intervention for ACS
(i.e., primary outcome). Thirteen observational studies were included in this meta-analysis. Analysis
of seven studies using PNI as a categorical variable showed a pooled hazard ratio (HR) of all-cause
mortality of 2.97 (95% CI 1.65 to 5.34, p=0.0003, 1>=89%, n=11,245) for patients with a low PNI. The
meta-analysis also showed a higher risk of major adverse cardiovascular events (MACEs) in patients
with a low PNI (HR 2.04; 95% Cl 1.59 to 2.61; p<0.00001; I*=21%; n = 8534). Moreover, advanced age,
diabetes mellitus, and high Global Registry of Acute Coronary Events risk scores were associated with
a high risk of all-cause mortality, whereas a high body mass index was associated with a low risk of all-
cause mortality. The results showed an association between a low PNI and an increased risk of long-
term mortality in patients undergoing coronary interventions for ACS. Further randomized controlled
trials are necessary to confirm these findings.

Despite the dramatic reduction in cardiovascular disease-related mortality over the last few decades, ischemic
heart disease continues to be the leading cause of death worldwide', and significantly impairs the quality of life of
its survivors?. Although improvements in interventional and antithrombotic treatments, secondary prevention,
and risk factor modification during the past decade have decreased the short-term mortality rate, such as in-
hospital and 30 days mortality after myocardial infarction, to approximately 5-8% after myocardial infarction'?,
the relatively high long-term mortality (i.e., 10-12%)"* highlights the need to identify high-risk patients and
modify the risk factors at an early stage. Malnutrition, which is commonly observed in patients with acute
coronary syndrome (ACS), can lead to reduced immune function and increased inflammation, which negatively
impacts disease outcomes and increases the risk of complications>®. Indeed, poor nutritional status has been
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identified as an independent risk factor for the development and progression of ACS>”. Therefore, recognizing
and addressing the issue of malnutrition in patients with ACS is of paramount importance in enhancing overall
patient outcomes and alleviating the burden of complications.

The Prognostic Nutritional Index (PNT), which combines two nutritional markers, namely serum albumin and
total lymphocyte count, has been validated in evaluating the nutritional and inflammatory status of critically ill
patients to predict outcomes such as the length of hospital stay, postoperative delirium, and mortality and mor-
bidity in cancer and non-cancer surgical settings®-'>. Although a low PNI score (i.e., poor nutritional status) has
been shown to be related to increased morbidity and mortality in patients with malignancy, its role as an indicator
of the long-term outcome in patients receiving coronary interventions for ACS remains controversial®14-1¢, In
a recent study, Chen et al. demonstrated the potential benefits of incorporating PNI into the Global Registry of
Acute Coronary Events (GRACE) score for the prediction of long-term all-cause mortality in patients diagnosed
with ACS'S. In contrast, Basta et al.” utilized the Controlling Nutritional Status (CONUT) score as a measure of
nutritional status and observed that it exhibited a more robust and significant association with all-cause mortality
than the PNI in patients with ST-segment elevation myocardial infarction (STEMI).

Based on the evidence mentioned above, we propose that PNI could serve as a dependable factor for evaluat-
ing and predicting long-term outcomes in patients with ACS. To further explore this potential, we conducted
a meta-analysis incorporating updated data from published studies. The primary aim of our research was to
investigate the association between PNI and the risk of all-cause mortality in patients undergoing percutaneous
coronary intervention (PCI) for ACS. The secondary outcomes included (1) the correlation between a low PNI
and the risk of major adverse cardiovascular events (MACEs)/major adverse cardiac and cerebrovascular events
(MACCES), and (2) the relationship between other predictors and the risk of all-cause mortality.

Methods

Reporting guideline and registration. Details of the protocol registration are available in the Interna-
tional Prospective Register of Systematic Reviews (PROSPERO) (Registration Number: CRD42023392205). We
performed this meta-analysis according to the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) checklist.

Inclusion and exclusion criteria. The eligibility criteria for the current study were as follows: (1) studies
focusing on individuals with various types of ACS [for example, STEMI, or non-ST-segment elevation myo-
cardial infarction (NSTEMI)] undergoing PCI. Patient demographics, comorbidities, and study design (e.g.,
peer-reviewed randomized controlled trials or observational studies) were not subjected to any restrictions in
this meta-analysis; (2) studies investigating the correlation between PNI and all-cause mortality or MACEs/
MACCEs with a long-term follow-up; and (3) studies with data available for the calculation of hazard ratio (HR).

We excluded studies that (1) only reported in-hospital outcomes; (2) included patients undergoing cardiac
surgery; (3) were presented as case reports, review articles, conference abstracts, or letters; and (4) did not
involve PCL

Data sources and literature searches. The Embase (Ovid), Medline (Ovid), Cochrane Library, and
Google Scholar databases were searched from inception to January 17, 2023, using the following search terms:
(“prognostic nutrition index” OR “PNI”) AND (“coronary artery disease” OR “acute coronary syndrome” OR
“myocardial infarction” OR “coronary heart disease” OR “unstable angina pectoris”). Details of the search strate-
gies are summarized in Supplementary Table 1. To identify potentially missing articles, we screened the refer-
ence lists of the retrieved articles. No restrictions were placed on the publication year, language, or sample size
for this meta-analysis. Two independent reviewers performed a two-step selection process to determine article
eligibility: (1) initial screening of the titles and abstracts of the articles and (2) full-text review of the potentially
eligible articles. All disagreements were resolved by a third reviewer.

Outcomes and data extraction. The association between a low PNI and the risk of all-cause mortal-
ity served as the primary outcome, while the secondary outcomes included (1) the correlation between a low
PNI and the risk of MACEs/MACCEs, which was defined based on individual studies, and (2) the relationship
between other predictors and the risk of all-cause mortality. The data retrieved from the eligible studies included
the first author’s name/published year, country, study design, patient population and number, sex distribution,
mean or median age at baseline, PNI cutoff values for defining low or high PNI, and follow-up period. In our
data extraction process, for studies that categorized patients into tertiles or quartiles based on PNI, we collected
data from the lowest and highest tertiles or quartiles. By focusing on extreme groups, we aimed to minimize
the impact of potential confounding variables that could exist in the middle tertile or quartile. For studies that
provided both unadjusted and adjusted data, we collected adjusted data for analysis.

Quality of studies and certainty of evidence. In the current meta-analysis, we used the Newcastle-
Ottawa Scale (NOS)'”® to assess the quality of non-randomized studies. The NOS evaluates three key aspects:
selection of study groups, comparability of these groups, and ascertainment of exposure and outcome. Each
study was assigned a star rating for each category, with higher stars indicating better quality. Each study included
in our systematic review was independently assessed by two reviewers using these criteria to evaluate meth-
odological quality. Discrepancies in the quality assessment were resolved through discussion and consensus. As
previously reported, a study with an overall NOS score of > 7 was regarded as high-quality'”%.

Using the Grading of Recommendations Assessment, Development and Evaluation (GRADE) methodology,
the certainty of evidence for each outcome fell into the following four categories: very low, low, moderate, or
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high. Risk of bias and certainty of evidence assessments were performed by two independent reviewers, with
disagreements settled through consultation with a third author.

Statistical analysis. To assess the agreement between the two independent reviewers, we calculated the
kappa statistic, which is a commonly used measure to quantify the inter-rater agreement for categorical data. The
kappa statistic ranges from — 1 to 1, with 1 indicating perfect agreement, 0 indicating agreement due to chance,
and values of — 1 indicating complete disagreement. A kappa statistic of 0.8 or higher is generally considered to
be in good agreement, while a kappa statistic of 0.6 or higher is considered to be fair agreement.

The data analysis was performed using two software tools: Review Manager (RevMan) version 5.4 and the
“metaphor” package in R software version 4.2.1. A random-effects model was used for all the analyses. We made
a predetermined decision to employ a random-effects model for outcome evaluation, regardless of the presence
or absence of statistical heterogeneity, based on the assumption that heterogeneity might exist across the included
studies. The association of PNI with long-term outcomes was calculated using the PNI value as a continuous
(e.g., per point increase in PNI) or categorical (e.g., low vs. high PNI) variable. If several categories of PNI values
were provided in a study, the lowest and highest categories of PNT were used for the risk calculation. To evalu-
ate the degree of heterogeneity among the samples, the I? statistic was applied, with statistical significance set
at I2>50%"°. When significant heterogeneity was found for the primary outcome, the sources of heterogeneity
were identified using meta-regression analysis based on sample size, PNI cut-off value, and length of follow-up.
A sensitivity analysis was conducted to confirm the robustness of the outcome by sequentially removing one
study at a time. Funnel plots were visually examined to identify the risk of publication bias when more than 10
datasets were included in the pooled analysis®. Statistical p was set than 0.05.

Results

Selection, characteristics, and quality of studies. Of the 314 potentially relevant records initially
identified (Fig. 1), 51 duplicates and 223 irrelevant articles were excluded after screening their titles and abstracts.
Of the remaining 40 articles subjected to full-text review, 27 were excluded because of (1) being review articles
or letters (n=3), (2) no outcome of interest (n=12), (3) no use of PNI as the predictor (n=6), (4) recruiting
patients without ACS (n=4), and (6) unavailable data on long-term follow-up (n=2). Finally, 13 retrospective
observational studies published between 2017 and 2022 were included in the current meta-analysis and sys-
tematic review (Fig. 1)*>71%21-2, The calculated kappa statistic for the two-step selection process yielded a value
of 0.89, indicating a substantial agreement between the two reviewers in selecting studies for inclusion in the
systematic review.

The characteristics of the 13 eligible studies are summarized in Table 1. The studies were conducted in five
countries: Turkey (n=>5)?"*"2"%_ China (n=4)'%*>"*, Korea (n=2)>?, Italy (n=1)7, and Spain (n=1)°. A total
of 16,579 patients were included, with a male proportion of 51.6% and 81%, respectively. Seven of the analyzed
studies explicitly stated that they excluded patients with active infections'®?!-2>?>-?’_ Conversely, in the remain-
ing six studies, there was no explicit mention of the criteria regarding the exclusion of patients with active
infection®72*?%%_ In seven studies, the initial diagnosis of myocardial infarction included STEMI (n =4)"?%%7%
and NSTEMI (n =3)?>?%%_ Another six studies included patients with ACS without mentioning the type of
myocardial infarction®®621232% The mortality rate varied widely across the included studies (range: 3.6-19.6%),
with a pooled mortality rate of 7.5% (95% CI 5.6-10.0%) (Fig. 2). Table 1 summarize the PNI cut-off values in
individual study for calculation of the mortality risk. The follow-up period ranged from 6 months to a maximum
of 67.2 months. The quality of studies assessed using NOS is summarized in Table 1; 92.3% of the studies (that
is., 12 studies) were considered to have a low risk of bias (=7 stars).

Study outcomes. Primary outcome: risk of all-cause mortality. The association of PNI as a categorical
variable (i.e., low vs. high PNI) with the risk of all-cause mortality was available in seven studies®®?%%>26-28
(i-e., primary outcome). For patients with a low PNI, the pooled HR of all-cause mortality was 2.97 (95% CI
1.65 to 5.34, p=0.0003, I*=89%, seven studies, 11,245 patients) (Fig. 3)>%*>?*2¢-28_ Sensitivity analysis revealed
consistent results. The certainty of the evidence for this outcome was very low. Details regarding the certainty
of the evidence are summarized in Supplemental Table 2. Meta-regression analysis demonstrated no impact of
the included covariates, including PNI cut-off value (p =0.3) (Fig. 4), follow-up period (p=0.08) (Supplemental
Fig. 1), and sample size (p=0.95) (Supplemental Fig. 2), on the relationship between a low PNI and the risk of
all-cause mortality.

Similarly, six studies focusing on PNI as a continuous variable also demonstrated a reduced risk of all-cause
mortality with each unit increase in PNI (HR 0.94, 95% CI 0.91 to 0.97, p=0.0002, I>=87%, six studies, 6616
patients, certainty of evidence: very low) (Fig. 5)>7121%%29_ This finding was consistent with that of the sensitiv-
ity analysis.

Secondary outcome: risk of MACEs/MACCEs. Six studies reported an association between the risk of MACEs
(n=4)>%12* or MACCESs (n=1)* with PNI as a categorical variable (i.e., low vs. high) (three studies)>** or as a
continuous variable (three studies)?*>?%. Using PNI as a categorical variable (i.e., low vs. high), a meta-analysis
showed a higher risk of MACE:s in patients with a low PNI (HR 2.04, 95% CI 1.59 to 2.61, p<0.00001, I*=21%,
8534 patients, certainty of evidence: low) (Fig. 6a)>%**. The sensitivity analysis revealed a consistent finding, sug-
gesting the robustness of the evidence. In concert with this finding, analysis of the three studies that used PNI as
a continuous variable for MACE/MACCE risk prediction also demonstrated an inverse relationship between the
value of PNI and risk of MACE/MACCE (HR 0.95, 95% CI 0.94 to 0.97, p <0.00001, I>=0%; three studies, 2280
patients; certainty of evidence: low) (Fig. 6b)**>%,
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Figure 1. Flowchart of the database search and screening process. PNI: prognostic nutritional index.

Author year Age (years) | Male (%) | AMI N Mortality (%) | PNI cut-off values* | Outcomes Follow-up periodi | Country | NOS
Balaban Kogag 2022 59.6 77.9 ACSt 880 7.8 NA Mortality/ MACEs | 12m Turkey 5
Basta 2016 65.7 75 STEMI 945 5.9 NA Mortality 24m Italy 7
Chen 2017 58.3 80.9 STEMI 309 4.8 45 Mortality 19.5m China 9
Chen 2022 66.3 72.3 ACS% 799 5.8 NA Mortality 6m China 9
Cheng 2019 64.6 76.3 ACSt 598 |12.2 45 Mortality 14.8 m China 8
Fan 2022 NA 75 ACS# 1542 3.6 48.15 MACEs 38.1m China 8
Kalyoncuoglu 2021 68.5 71.5 NSTEMI | 253 |10.3 NA MACCEs 20.5m Turkey 7
Kang 2022 63 67.9 ACS# 1930 3.8 35vs. 38 Mortality/MACEs 67.2 m Korea 8
Karaaslan 2021 73 60 NSTEMI | 376 7.4 46 Mortality 112 m Turkey 8
Keskin 2017 58 81 STEMI 1823 | 49 44 Mortality 329m Turkey 9
Kim 2021 65.6 72.5 STEMI 1147 7.5 50 vs. 56 Mortality 12m Korea 9
Raposeiras Roubin 2020 66.2 74.5 ACSH 5062 | 16.4 35vs. 38 Mortality/MACEs | 43.2m Spain 8
Yildirim 2021 73.1 51.6 NSTEMI 915 |19.6 NA Mortality 64.5m Turkey 8

Table 1. Characteristics of studies (n=13). m months, NA not available, ACS acute coronary syndrome,
STEMI ST-segment elevation myocardial infarction, NSTEMI non-ST-segment elevation myocardial
infarction. "Mean or median; MACEs major adverse cardiovascular events, MACCEs major adverse cardiac and
cerebrovascular events, AMI acute myocardial infarction. *Patients with ST-elevation myocardial infarction,
non-ST elevation myocardial infarction, or unstable angina. *PNI cut-off values for mortality risk.
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Study Mortality events Total Proportion 95% ClI

Balaban Kocas 2022 69 880 — 0.078  [0.062; 0.098]
Basta 2016 56 945 —'— 0.059  [0.046; 0.076]
Chen 2017 15 309 —— 0.048  [0.029; 0.078]
Chen 2022 46 799 = 0.058  [0.044; 0.076]
Cheng 2019 73 598 R 0.122  [0.098; 0.151]
Fan 2022 56 1542 —+ 0.036  [0.028; 0.047]
Kalyoncuoglu 2021 26 253 — 0.103  [0.071; 0.147]
Kang 2022 73 1930 &+ | 0.038  [0.030; 0.048]
Karaaslan 2021 28 376 ——'— 0.074  [0.052; 0.105]
Keskin 2017 89 1823 =+ 0.049  [0.040; 0.060]
Kim 2021 86 1147 - 0.075  [0.061; 0.092]
Raposeiras Roubin 2020 830 5062 - 0.164 [0.154; 0.174]
Yildirim 2021 179 915 ' —=—— 0.196 [0.172; 0.223]
Random effects model 1626 16579 _— 0.075 [0.056; 0.100]

Heterogeneity: /2 = 98%, 1 = 0.3122, p < 0.01 ' ' ' '

0.05 0.1 015 0.2
Figure 2. Forest plot showing the pooled incidence of mortality rate (7.5%, 95% confidence interval 5.6-0.0%)

in patients receiving percutaneous coronary intervention for acute coronary syndrome.

Hazard Ratio Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE Weight [V, Random, 95% CI IV, Random, 95% CI

Chen 2017 0.8813 04415 12.5% 2.41[1.02, 5.74] I —

Cheng 2019 0.6254 0.4069 13.0% 1.87 [0.84, 4.15] T

Kang 2022 2.4051 0.3401 14.0%  11.08 [5.69, 21.58] e —
Karaaslan 2021 0.9768 0.3821 13.4% 2.66 [1.26, 5.62] —

Keskin 2017 1.8563 0.1912 16.0% 6.40 [4.40, 9.31] —_

Kim 2021 0.1398 0.307 14.5% 1.15[0.63, 2.10] B

Raposeiras Roubin 2020 0.6678 0.1171 16.7% 1.95 [1.55, 2.45] -

Total (95% Cl) 100.0% 2.97 [1.65, 5.34] N
Heterogeneity: Tau? = 0.53; Chi? = 53.94, df = 6 (P < 0.00001); I> = 89% o.Ios sz j 5 2’0

Test for overall effect: Z = 3.63 (P = 0.0003)

Favours [Low PNI] Favours [High PNI]

Figure 3. Forest plot comparing the risk of all-cause mortality between patients with a low and those with a
high prognostic nutritional index (PNI). IV inverse variance; CI confidence interval; SE standard error.

Secondary outcomes: other predictors of all-cause mortality. Other predictors of all-cause mortality are sum-
marized in Table 2. In brief, advanced age (HR 1.04, 95% CI 1.01 to 1.07), diabetes mellitus (HR=1.57, 95%
CI 1.08 to 2.3), and high GRACE risk scores (HR1.02, 95% CI1.02 to 1.03) were associated with a high risk of
all-cause mortality. In contrast, a high body mass index (HR0.87, 95% CI 0.76-0.98) was associated with a low
risk of all-cause mortality.

Discussion

This meta-analysis, which involved 13 retrospective studies including 16,579 patients receiving PCI for ACS
followed from 12 to 67.2 months, showed a positive correlation between a low PNI, either as a categorical or
continuous variable, and an increased risk of all-cause mortality. Likewise, our analysis of six studies focusing
on MACEs/MACCE:s revealed increased risks of these long-term complications in patients with a low PNIL. The
robustness of the evidence was supported by consistent results of the sensitivity analyses. In addition, our study
demonstrated a significant association between other risk factors, namely advanced age, diabetes, and high
GRACE risk scores, and elevated long-term mortality in patients with ACS. Interestingly, high body mass index
was associated with a reduced risk of all-cause mortality. Taken together, our study showed that poor nutritional
status, as reflected by a low PNI, correlated with an increased risk of mortality and long-term complications in
patients receiving PCI for ACS.

An analysis from the Korea Acute Myocardial Infarction Registry (KAMIR) reported an independent nega-
tive association between body mass index and risk of long-term cardiovascular events in patients with ACS®.
Consistently, the current study demonstrated a negative correlation between BMI and mortality risk. There-
fore, our findings provide robust evidence supporting the significance of a low PNI as a specific red flag for
predicting poor outcomes in patients with ACS after coronary interventions. Prior studies have shown that the
pathophysiological mechanisms by which nutrition is linked to ACS are complex and multi-faceted®*"*2. For
instance, chronic low-grade inflammation triggered by malnutrition can exacerbate the development of coronary
artery disease’>**. In addition, malnutrition can increase oxidative stress in the body, thereby contributing to the
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PNI cut-off values

Figure 4. Meta-regression plot for the risk of all-cause mortality by cut-off values of prognostic nutritional
index (PNI), showing non-significant coefficient for the PNI cut-off values (- 0.07; 95% confidence interval
[CI]-0.21 to 0.06, p=0.3).

Hazard Ratio Hazard Ratio
log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI

-0.0492 0.0148 17.7% 0.95[0.92, 0.98] -
-0.0202 0.0095 19.3% 0.98 [0.96, 1.00] =
-0.0769 0.0336 11.1% 0.93[0.87, 0.99] -
-0.1143 0.0133 18.2% 0.89[0.87, 0.92] -
-0.0834 0.0227 14.8% 0.92[0.88, 0.96] -
-0.0336 0.0107 18.9% 0.97 [0.95, 0.99] el

100.0%  0.94[0.91, 0.97] N o

0.85 0. 1 11 1.2
Favours [High PNI] Favours [Low PNI]

Figure 5. Forest plot showing reduction in the risk of all-cause mortality with per unit increase in prognostic
nutritional index (PNI). IV inverse variance; CI confidence interval, SE standard error.

development of ACS***. Oxidative stress, the accumulation of reactive oxygen species, causes damage to cells and
tissues, including the coronary arteries®. Furthermore, an inadequate supply of nutrients, such as glucose and
amino acids, can lead to cardiac muscle dysfunction®"**. Previous investigations have identified poor nutrition,
which has been frequently ignored as an important risk factor for negative cardiac remodeling and endothelial
dysfunction%’”. Moreover, poor nutritional status can result in muscle wasting and impaired immune function,
which negatively impacts recovery from ACS and increases the risk of complications such as infections®. Lastly,
malnutrition may predispose to disturbances in lipid metabolism and increase the levels of certain lipids [e.g.,
such as low-density lipoprotein (LDL) cholesterol], thereby affecting the equilibrium among different lipids in
the circulatory system in favor of cardiovascular diseases*’. Therefore, malnutrition can significantly impact the
development and progression of ACS. Understanding the mechanisms by which malnutrition contributes to
ACS is important for implementing appropriate preventive and therapeutic strategies.

A previous study reported that lower lymphocyte count was associated with an elevated risk of long-term
mortality and cardiovascular readmissions*'. Considering that the PNI is computed by summing the serum albu-
min (g/L) and five times the total lymphocyte count (10°/L), it is possible that the observed association between
low PNI values and increased mortality rates in the present meta-analysis could, in part, be attributable to a
diminished lymphocyte count. The comparative effectiveness of PNI in predicting mortality in patients with ACS
remains to be fully elucidated when compared with other nutritional indices. For instance, Basta et al. reported
that the CONUT index, which includes serum albumin, total cholesterol levels, and total lymphocyte count,
was superior to the PNI in predicting all-cause death in patients with STEMI’. Additionally, the proportion of
patients at risk of malnutrition, as evaluated using the CONUT index, was higher than that assessed using the PNI
index (60% vs. 52%)’. Further large-scale studies are required to comprehensively address these important issues.
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Hazard Ratio Hazard Ratio
log[Hazard Ratio] SE Weight IV, Random, 95% ClI 1V, Random, 95% CI
-0.0492 0.0097 67.7% 0.95[0.93, 0.97]
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Figure 6. Forest plots showing an association of the risks of major adverse cardiovascular events (MACEs)/
major adverse cardiac and cerebrovascular events (MACCEs) with prognostic nutritional index (PNI) as a (a)
categorical or (b) continuous variable. IV inverse variance; CI confidence interval, SE standard error.

Parameters Studies (n) Number of patients Effect estimate Hazard ratio [95%)] Pvalue Heterogeneity (%)
Age (years) 4 3049 1.04 [1.01, 1.07] 0.002 76
Male gender 2 1679 1.29 [0.80, 2.09] 0.29 0
Body mass index (kg/m?) 2 1513 0.87 [0.76, 0.98] 0.02 75
Hypertension 2 1679 1.41 [0.96, 2.06] 0.08 0
Diabetes mellitus 2 1679 1.57 [1.08, 2.30] 0.02 0
Previous MI 3 2055 1.44 [0.86, 2.40] 0.16 53
Creatinine (umol/L) 2 1189 1.12 [0.89, 1.41] 0.32 96
Ejection fraction (%) 5 3078 0.98 [0.91, 1.05] 0.52 96
Total cholesterol (mmol/L) 3 1706 1.01 [0.98, 1.04] 0.4 0
Triglyceride (mmol/L) 2 1397 0.93[0.73,1.17] 0.53 52
LDL (mmol/L) 2 1773 1.00 [0.99, 1.01] 0.69 0
GRACE risk score 3 1706 1.02 [1.02, 1.03] <0.00001 6

Table 2. Predictors of all-cause mortality in patients undergoing percutaneous coronary intervention for acute
coronary syndrome. MI myocardial infarction, LDL low-density lipoprotein, GRACE global registry of acute
coronary events.

As a previous study demonstrated an association between low serum albumin levels and adverse outcomes
in patients with STEMI*, it would be of interest to investigate the individual performance of albumin as a prog-
nostic indicator and compare it with that of the PNI. A meta-analysis, which included eight studies comprising
21,667 ACS patients, revealed that ACS individuals with low serum albumin levels were at an elevated risk of
long-term mortality (risk ratio:1.75)*. In the current meta-analysis, we found that a low PNI was associated
with significantly increased long-term mortality risk (hazard ratio: 2.97). While it may not be entirely rational to
directly compare the predictive strengths of the two parameters (i.e., PNI and albumin), these findings suggested
that the use of PNI to predict long-term outcome may be favorable.

In addition to PNI, risk assessment scores, including the Geriatric Nutritional Risk Index (GNRI), CONUT
score, Nutritional Risk Index (NRI), Subjective Global Assessment (SGA), and Nutritional Risk Screening, have
been introduced to predict the outcomes of patients diagnosed with CAD*****, Although GRACE risk scores
that consist of hemodynamic parameters and electrocardiographic and laboratory information have been used
and validated for the prediction of both all-cause mortality and MACEs in patients with acute myocardial
infarction®®, nutritional status was not taken into consideration. An observational study has shown enhanced
accuracy in predicting long-term outcomes in individuals with ACS by combining three nutritional scores,
namely the CONUT, NRI, and PNI scores, with the GRACE risk score®. Similarly, another study demonstrated
that a combination of PNI and GRACE score significantly improved the prediction of long-term mortality in
patients undergoing coronary interventions for ACS'S. However, the results of most studies have been derived
from a limited number of participants with heterogeneous characteristics®*‘. Therefore, although patients with
CAD in a poor nutritional status might generally have a worse prognosis?, there is no pooled evidence showing
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the sensitivity of these indices for the prediction of long-term outcomes in this patient population. Our meta-
analysis is the first to investigate the association of a low PNI with the risk of all-cause mortality as well as
MACEs/MACCEs.

The current meta-analysis has several limitations that deserve consideration. First, our analysis was based
solely on observational studies, which inherently carry a risk of bias and confounding factors. The lack of rand-
omized controlled trials may limit the strength of our conclusions and warrants caution when interpreting the
results. Second, the severity of myocardial injury varied among individual studies, with four and three focusing
on STEMI and NSTEMLI, respectively, while all the others did not mention the type of MI in their participants.
Because of the limited number of studies, subgroup analysis was not conducted to investigate the relationship
between low PNI and mortality based on the severity of myocardial injury. Third, despite the identification of
advanced age, diabetes, and high GRACE risk scores at baseline as risk factors for long-term mortality in patients
with ACS in the current meta-analysis, their predictive values may be weak because of the limited number of
studies that provide relevant data for the estimation of effect size. Fourth, while we attempted to address poten-
tial confounders by collecting adjusted data from studies that provided both unadjusted and adjusted estimates,
residual confounding may still exist because of unmeasured or unknown variables across the included studies.
For example, other confounding factors, such as smoking, family, and drug history were not included. Fifth,
active infection may have a potential influence on PNI, albumin and lymphocyte levels. In the current meta-
analysis, six studies did not explicitly mention the exclusion of patients with active infections. Consequently,
there is uncertainty regarding whether patients with infections were included in their study cohorts, which may
have introduced potential confounding factors. Finally, although combining the conventional risk scores (e.g.,
GRACE) and malnutrition may help differentiate ACS patients who are at high risk of mortality from MACEs/
MACCEs, the feasibility of such a combination approach was not evaluated in the current meta-analysis because
of alack of relevant information in individual studies.

Conclusions

This meta-analysis showed that patients with a low PNI who underwent coronary interventions had an elevated
risk of long-term mortality and MACEs/MACCE:s. In addition, other risk factors, namely advanced age, diabetes,
and high GRACE risk scores, were correlated with elevated long-term mortality in patients with ACS, while a
high body mass index was associated with a reduced risk of all-cause mortality. The results of our meta-analysis
provide clinical practitioners with an additional tool for assessing the risks of patients with ACS, going beyond
conventional cardiovascular risk factors. PNI showed potential as a straightforward and readily available prognos-
tic indicator, facilitating risk stratification and guiding personalized patient management strategies. To reinforce
the evidence base and achieve a more comprehensive understanding of the role of PNI in ACS outcomes, further
studies, including randomized controlled trials, are required.

Data availability
All data related to the present systematic review and meta-analysis are available from the corresponding author
upon reasonable request.
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