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Background: Malnutrition is a rising global health issue associated with
unfavorable outcomes of a variety of disorders. Currently, the prevalence and
prognostic significance of malnutrition to patients with acute coronary syndrome
(ACS) and chronic kidney disease (CKD) remained largely unclear.

Methods: A total of 705 patients diagnosed with ACS and CKD in the First Affiliated
Hospital of Wenzhou Medical University between 2013 and 2021 were included
in this retrospective cohort study. Malnutrition was assessed by the Controlling
Nutritional Status (CONUT), the Geriatric Nutritional Risk Index (GNRI), and
the Prognostic Nutritional Index (PNI), respectively. The relationships between
malnutrition and all-cause mortality and major cardiovascular events (MACEs)
were analyzed.

Results: During a median follow-up of 31 months, 153 (21.7%) patients died, and
165 (23.4%) had MACEs. The prevalence of malnutrition was 29.8, 80.6, and 89.8%
for the PNI, CONUT, and GNRI, respectively. All the malnutrition indexes were
correlated with each other (r=0.77 between GNRI and PNI, r=—0.72 between GNRI
and CONUT, and r=-0.88 between PNl and CONUT, all p<0.001). Compared with
normal nutrition, malnutrition was independently associated with an increased
risk for all-cause mortality (adjusted hazard ratio for moderate and severe degrees
of malnutrition, respectively: 7.23 [95% confidence interval (Cl): 2.69 to 19.49] and
17.56 [95% CI. 5.61 to 55.09] for the CONUT score, 2.18 [95% CI: 0.93 to 5.13]
and 3.16 [95% Cl: 1.28 to 7.79] for the GNRI, and 2.52 [95% CI: 1.62 to 3.94] and
346 [95% ClI: 2.28 to 5.25] for the PNI score. p values were lower than 0.05 for
all nutritional indexes, except for moderate GNRI p value=0.075). As for MACEs,
similar results were observed in the CONUT and PNI. All the risk scores could
improve the predictive ability of the Global Registry of Acute Coronary Events
(GRACE) risk score for both all-cause mortality and MACEs.

Conclusion: Malnutrition was common in patients with ACS and CKD regardless
of the screening tools used, and was independently associated with all-cause
mortality and MACEs. Malnutrition scores could facilitate risk stratification and
prognosis assessment.

acute coronary syndrome, chronic kidney disease, malnutrition, major adverse
cardiovascular events, all-cause mortality, global registry of acute coronary events
score
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1. Introduction

Chronic kidney disease (CKD) as a strong risk factor for
cardiovascular disease (1) affect approximately 30-40% of patients
with acute coronary syndrome (ACS) (2). Though advanced
medicine has been achieved through invasive procedures and
pharmacological therapy, patients with ACS and CKD face a high
risk of mortality and major adverse cardiovascular events (MACEs)
(3). However, patients with advanced CKD have been widely
excluded from clinical trials of cardiovascular interventions, which
may be owing to cautiousness in certain conditions (hyperkalemia,
anticoagulation, and high mortality) (4, 5). The performance of
existing risk score, the Global Registry of Acute Coronary Events
(GRACE) score, was impaired when predicting the prognosis of
patients combined with dialysis (6, 7). It is necessary for physicians
to identify high-risk patients based on modifiable clinical factors
such as malnutrition to guide treatment and improve the prognosis
of patients with ACS and CKD.

Malnutrition was found to be associated with poor prognosis of
cancer, kidney disease, heart failure, and acute coronary syndrome
(8-13). Malnutrition is a controllable risk factor based on which
doctors could intervene, but the screening of it is often overlooked in
clinical setting. Malnutrition screening is crucial because patients who
are at risk may benefit from clinical nutritional therapy. The
controlling nutritional status (CONUT) score (14), geriatric
nutritional risk index (GNRI) (15), and prognostic nutritional index
(PNI) (16) are tools that are comparatively easy to use and practical in
clinical environment for screening malnutrition. Malnutrition, which
is common among patients with ACS and patients with CKD, has
been found to play an important role in the interaction between the
heart and kidneys (9, 11, 17). However, the association between
malnutrition and prognosis in patients with ACS and CKD has not
been reported, and the prevalence of malnutrition in patients with
ACS and CKD remained unknown as well.

The current guidelines recommend using the GRACE score to
predict mortality and MACEs for ACS patients (6). Data from GRACE
indicated that major events of patients with dialysis were largely
underestimated when using the GRACE risk score (7). Hence, for
patients with ACS and CKD, evaluating the incremental effect of
nutrition scores in combination with the GRACE score is of great
clinical significance.

In this study, we aimed to explore the prevalence and prognostic
value of malnutrition in patients with ACS and CKD using different
malnutrition screen tools.

2. Methods
2.1. Study population

A total of 760 ACS patients were diagnosed as having CKD and
underwent PCI, among them 7 were combined with lymphoma or
leukemia, 32 showed missing data of ALB, total cholesterol, height,
and weight, 16 lost to follow-up, and eventually 705 were included in
this retrospective cohort study (Figure 1). This study was carried out
in the First Affiliated Hospital of Wenzhou Medical University
between February 2013 and August 2021. The local ethics committee
approved the study protocol.
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2.2. Definition of clinical diseases

According to the current guidelines (18), ACS was comprised of
ST-segment elevation myocardial infarction (STEMI) and non-
ST-segment elevation acute coronary syndrome (NSTE-ACS).
NSTE-ACS includes unstable angina and non-ST-segment elevation
myocardial infarction (NSTEMI). STEMI was defined as chest
discomfort or other ischaemic symptoms with new ST-segment
elevations in 2 contiguous leads or new bundle branch blocks, and
elevated cardiac markers. NSTEMI was defined as chest discomfort or
other ischaemic symptoms with elevated cardiac markers and without
ST-segment elevation on the electrocardiogram. UA was defined as
newly developed or accelerated chest symptoms during 2 weeks of
exertional or resting angina without elevated cardiac biomarkers.
CKD was defined by an estimated glomerular filtration rate (eGFR)
<60 mL/min/1.73 m? including uremia. Uremia was defined as eGFR
<15mL/min per 1.73m?’ or receiving renal replacement therapy.The
baseline SCr was measured at hospital admission. The glomerular
filtration rate was calculated by serum creatinine level upon admission,
according to the Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) (19). To avoid the inclusion of patients with acute kidney
injury (AKI), we dynamically followed their renal function for
2 months after the inclusion of patients with baseline eGFR less than
60 mL/min per 1.73 m Those patients with recovered renal function
and an eGFR greater than or equal to 60mL/min per 1.73m’
were excluded.

2.3. Malnutrition assessment

The nutritional status of the enrolled patients was analyzed based
on the three easy-to-use scores that are effective to identify patients
facing a high risk of malnutrition.

As a screening tool for the nutritional condition of hospitalized
patients, the Controlling Nutritional Status (CONUT) (14) consisted
of serum albumin, total cholesterol (TC) level, and lymphocyte count
has been created. A score between 0 and 1 is regarded as normal;
scores between 2 and 4, 5 to 8, and 9 and 12 indicate different degrees
of malnutrition, including mild, moderate, and severe, respectively.
The CONUT
Supplementary Table S1.

The Geriatric Nutritional Risk Index (GNRI) was calculated using
the following formula: 1.489*serum albumin (g/1) +41.7*weight (kg)
/ ideal body weight (kg) (15). The ideal body weight was determined
as follows: H-—100-[(H—150)/4] for men and H-—100-
[(H—150)/2.5] for women, where H indicates height (cm). If the
actual body weight was more than the ideal body weight, the weight-

score was calculated according to the

to-ideal body weight ratio was set to 1 (10, 11). These factors were
obtained during the baseline assessment. Patients were categorized
using the following thresholds following previous studies (10, 11):
severe nutritional risk (GNRI <83.5), moderate nutritional risk
(83.5 <GNRI <97.5), mild nutritional risk (97.5 < GNRI <100), and
no nutritional risk (GNRI >100).

The Prognostic Nutritional Index (PNI) was obtained using the
formula: 10*serum albumin (g/dl) +0.005*total lymphocyte count
(mm?®) (16). A score of >38 is regarded as normal, whereas scores
between 35 and 38 and < 35 indicate moderate and severe malnutrition,
respectively. It should be noted that the PNT lacks a mild category.
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Total Cohort (N =760)
Patients with acute coronary syndrome and chronic
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FIGURE 1

Flow chart of the study population.

Venous blood samples (including total cholesterol, total
lymphocyte count, and serum albumin) were taken following an
overnight fast at admission. To prevent variations due to measurement
scale or location between laboratories, all the measurements were
examined and standardized in one central laboratory.

2.4. Outcomes and follow-up

The primary outcome was all-cause mortality. The secondary
outcome was major adverse cardiovascular events (MACEs) consists
of cardiovascular death, re-infarction, or ischemic stroke.
Cardiovascular death was defined as any death from cardiovascular
causes. Re-infarction was defined as an recurrent elevation of cardiac
enzymes greater than the upper limit of the normal range with at least
one of the following: (1) recurrent ischemic symptoms, (2)
electrocardiograph changes implicating ischemia, (3) development of
pathological Q waves, and (4) coronary thrombus proved by
angiography. Ischemic stroke was defined as ischemic lesion
demonstrated by the evidence of neurological dysfunction or clinically
documented lesions on imaging. Outcome information was acquired
from medical records or by telephone follow-up at 1 month and then
every 6 months after discharge. All patients were followed up for at
least 1month unless they died within 1month. Follow-up was
continued from the date of admission to the date of death. If there

were no endpoints happened, time at the last medical encounter in
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primary or secondary care was taken. The median follow-up time was
31 months (inter-quartile range: 17 to 53 months). The rate of lost
follow-up was 2.1%.

2.5. Statistical analysis

Continuous variables were expressed as the mean *standard
deviation if normally distributed or otherwise median with
interquartile range (25th to 75th percentiles). Categorical variables
were presented as n (%). The groups were compared using the
chi-square test, the student t-test, and the Mann-Whitney U test for
categorical data, normally distributed continuous data, and skewed
data, respectively. In order to determine the relationships between
nutritional indices, c-reactive protein (CRP), and eGFR, Spearman
(skewed variables) correlation analysis was employed. Venn diagram
was used to show how the three nutritional indexes were related to the
status of malnutrition.

To show the distribution of events over time, Kaplan-Meier
curves were created. Log-rank test was then used to compare groups
with various nutritional statuses, followed by performing Cox
proportional hazards regression analysis. Variables associated with
known poor prognosis, clinical plausibility, or p value less than 0.05 in
the univariable Cox regression analyzes were chosen for the adjusted
model. The following variables were selected as covariates for the
adjusted model in the present research: age, sex, BMI, hypertension,
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diabetes, hyperlipidemia, prior myocardial infarction, prior PCI or
CABG, type of ACS, Killip class > II, serum creatinine, left ventricular
eject fraction (LVEF)<40%, multivessel disease, medications at
discharge including beta-blockers, ACEI/ARBs and statins, and
GRACE risk score. The possible nonlinear relationships between
malnutrition scoring systems and outcomes were further analyzed on
a continuous scale with restricted cubic spline (RCS) curves after
adjusting the variables described above, with 3 nodes at the fixed
percentiles of 25, 50, and 75% of the distribution of malnutrition scores.

To assess the discrimination and reclassification performance of
malnutrition scores, we combined the three scores with the GRACE
score and calculated the C-statistic, continuous net reclassification
improvement (NRI), and integrated discrimination improvement
(IDI). The C-statistics were compared by using the Delong test (20).
The GRACE score was first established for predicting 6-month
mortality (6), which is derived from several clinical factors (age, heart
rate, systolic blood pressure, serum creatinine, congestive heart failure,
in-hospital percutaneous coronary intervention, in-hospital coronary
aortic bypass grafting, history of MI, ST-segment depression, and
elevated cardiac enzyme/marker levels). The web-based calculator was
applied to calculate the mortality and MACEs at 6 months (6). A
two-sided value of p of 0.05 was considered as statistically significant.
R 4. 0.3 and SPSS 25. 0 were used for all the analyzes.

3. Results

3.1. Baseline characteristics of the study
population

Among the 705 participants with ACS and CKD in this study, 442
(62.7%) had STEMI and 263 (37.3%) had NSTE-ACS. 528 (74.89%)
of the patients were male, the median BMI was 23.64kg/m? and the
median age was 73years old. Most of them were combined with
hypertension (77.45%) and about one-half of the patients had
hyperlipidemia (51.63%). There are 67 dialysis patients, accounting for
9.5% of the total number. Table | provides more details regarding the
baseline characteristics.

Patients with malnutrition determined by any of the three
malnutrition scores were older and were more likely to be female with
lower BMI, higher CRP level, and higher GRACE risk scores than
those with normal nutritional status. They also had worse clinical
presentations, worse cardiac and renal functions, and were less likely
to receive statins at discharge (Supplementary Tables 52-54).

3.2. Prevalence of malnutrition and the
population distribution

Figures 2A-C display the distributions of COUNT, GNRI, and
PNI scores. Malnutrition prevalence varied from 29.8% with the PNI,
to 80.6% with the CONUT, and to 89.8% with the GNRI score, as
shown in Figure 2D. In addition, the CONUT and GNRI scores
revealed that 225 (31.9%) and 567 (80.4%) of the patients had
moderate to severe malnutrition, as shown in Figure 2E. The
correlation coefficients were 0.77 between GNRI and PNI, —0.72
between GNRI and CONUT, and — 0.88 between PNI and CONUT,
all with a p value <0.01, as shown in Figure 3. Although the
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TABLE 1 Baseline characteristics of the study population.

Variables

Demographic data

Age (years) 73 (65,80)
Male 528 (74.89%)
Height (cm) 165 (158,168)
Weight (kg) 64 (56,69)
BMI (kg/m?) 23.64 (21.3,25.34)

Cardiovascular risk factors and prior procedural

Hypertension 546 (77.45%)
Diabetes 279 (39.57%)
Hyperlipidemia 364 (51.63%)
Dialysis 67 (9.50%)

Prior myocardial infarction 14 (1.99%)

Prior PCI 41 (5.82%)
Prior CABG 7 (0.99%)
Smoking 262 (37.16%)
ACS presentation

Type of ACS

NSTE-ACS 263 (37.3%)
STEMI 442 (62.7%)

Killip class >=1I 380 (53.9%)

Laboratory data

WBC (x10°/L) 9.71(7.53,12.62)
Hb (g/L) 118 (101,133)
Platelet (x10°/L) 202 (165,252)
Lymphocyte (x10°/L) 1.29 (0.92,1.7)
Creatinine (mg/dL) 1.5 (1.28,2.17)

eGFR (mL/min/1.73m?) 43.54 (26.18,52.92)

TC (mg/dL) 174.02 (144.76,206.74)
Albumin (g/L) 34.4 (31.3,37.2)
CRP (mg/L) 24.5(8.7,58.7)

FBG (mmol/l) 6.8 (5.5,9.2)

Echocardiographic and angiographic data

LVEF <40% 159 (22.55%)

Multivessel disease 309 (43.83%)

LAD stenosis >=50% 577 (81.84%)

LCX stenosis >=50% 457 (64.82%)

RCA stenosis >=50% 515 (73.05%)

Calcified lesions 102 (14.47%)

Thrombosis 121 (17.16%)
Medical therapy

DAPT 698 (99.01%)
Beta blocker 367 (52.06%)
ACEI/ ARB 211 (29.93%)
Statin 638 (90.5%)

(Continued)
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TABLE 1 (Continued)

Variables

GRACE risk score 135 (120,152)

Nutrition status
CONUT

Normal nutrition 137 (19.43%)

Mild malnutrition 343 (48.65%)

Moderate malnutrition 206 (29.22%)

Severe malnutrition 19 (2.7%)

PNI

Normal nutrition 495 (70.21%)

Moderate malnutrition 104 (14.75%)

Severe malnutrition 106 (15.04%)

GNRI

Normal nutrition 72 (10.21%)

Mild malnutrition 66 (9.36%)

Moderate malnutrition 470 (66.67%)

Severe malnutrition 97 (13.76%)

BMI, body mass index; PCI, percutaneous coronary intervention; CABG, coronary artery
bypass graft; ACS, acute coronary syndrome; NSTE-ACS, non-ST-segment elevation acute
coronary syndrome; STEMI, ST-segment elevation myocardial infarction; Hb, hemoglobin;
eGFR, estimated glomerular filtration rate; TC, total cholesterol; CRP, c-reactive protein;
FBG, fasting blood glucose; LVEE, left ventricular eject fraction; LAD, left anterior
descending coronary; LCX, left circumflex artery; RCA, right coronary artery; DAPT, dual
antiplatelet therapy; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin IT
receptor blocker; GRACE, Global Registry of Acute Coronary Events; CONUT, controlling
nutritional status; PNI, prognostic nutritional index; GNRI, geriatric nutritional risk index.

malnutrition scores were correlated with each other, only 210 (29.8%)
participants showed different degrees of malnutrition, and 178
(25.2%) participants showed moderate to severe malnutrition by all
three nutritional scores, and only 37 (5.2%) individuals were not
malnourished as calculated by any score. Furthermore, a significant
correlation between CRP and the three scores was discovered
(CONUT: r=0.32; PNI: r=—0.31; GNRL r=-0.28, all p<0.01,
Figure 3).

3.3. Malnutrition and clinical outcomes

During a median follow-up of 31 months (inter-quartile range: 17
to 53 months), all-cause mortality occurred to 153 (21.7%) patients
and MACE:s occurred to 165 (23.4%) patients. The percentage (and
number) of each cardiovascular event was as follows: 12.5% (1= 288)
cardiovascular deaths, 7.8% (n=>55) re-infractions, and 4.0% (n=28)
ischemic strokes.

After adjusting the variables involved in the multivariable analysis,
we used restricted cubic splines (RCS) in Figure 4 to flexibly model
and illustrate the relationships of the three scoring systems with
all-cause mortality and MACEs. The three indices and clinical
outcomes showed no non-linear connection (all P for non-linear
>0.05). Patients with any degree of malnutrition determined by the
three scores had a worse prognosis for all-cause mortality and MACEs
than those who did not (log-rank test, all p<0.001), as demonstrated
by the Kaplan-Meier analysis (Figure 5). Regardless of the
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malnutrition scores utilized or whether the scores were used as a
continuous (Figure 4) or categorical variable (Figure 5), a worse
nutritional status was linked to a higher incidence of all-cause death
and MACEs.

Supplementary Table S5 displays the results of univariable Cox
regression analyzes of variables in the adjusted model. The adjusted
impact of the 3 malnutrition indexes on all-cause mortality and
MACEs is shown in Table 2. Continuous variables of the three scores
were all related to the incidence of all-cause mortality and MACEs
even after adjusting (all p <0.001). As for categorical variables, mild,
moderate, and severe malnutrition defined by CONUT score were all
independently associated with the all-cause mortality and MACE:s (all
p<0.05), except for mild malnutrition with MACEs (HR: 1.21, 95%
CI0.67-2.17, p=0.53). As for PNI, moderate and severe malnutrition
were both independently associated with increased risk of mortality
and MACEs when compared with normal nutrition (all p<0.05). As
for GNRI, only the association between severe malnutrition and
all-cause mortality was statistically significant (HR: 3.16, 95% CI
1.28-7.79, p=0.013).

Moreover, the association between malnutrition degrees and each
cardiovascular outcomes is shown in Supplementary Table S6.
Subgroup analysis revealed that continuous variables of the three scores
had a relatively consistent risk of MACEs across different subgroups
(Age, Sex, BMI, Type of ACS, and eGFR). Also, significant interaction
(P for interaction=0.005) was observed between GNRI and BMI
(Figure 6).

3.4. Comparative analysis and incremental
value of the three nutritional scores

In Table 3, we compared the results of the three scoring systems in
predicting all-cause mortality and MACEs at medium follow-up time
(31 months). The discrimination index values showed that the CONUT
score and PNI outperformed the GNRI for predicting all-cause
mortality. For MACEs risk prediction, only the PNI was found to
be significantly better than the GNRI in reclassification ability (NRI:
0.217, p=0.02; IDI: 0.024, p=0.02). However, the CONUT showed a
higher sensitivity than the PNI, which had was of a higher specificity
than the CONUT for both outcomes (all-cause death and MACEs).

Each of the three measures provided strong predictive value on
the GRACE risk score for both 6-month all-cause mortality and
MACEs risk prediction. The PNI showed the greatest additional value
as it improved the C-statistics from 0.696 to 0.773 and from 0.653 to
0.710 for predicting mortality and MACEs, respectively. More detailed
data about the incremental value are presented in Table 4.

4. Discussion

To the best of our knowledge, this is the first study to report the
prevalence and prognostic value of malnutrition among patients with
ACS and CKD. Based on the three different malnutrition scores, the
predicted prevalence of any degree malnutrition in patients with ACS
and CKD varied from 29.8 to 89.8%. Depending on the scores used,
the prevalence of moderate to severe malnutrition ranged from 29.8
to 80.4%. Even after adjusting age, sex, the GRACE score and other
potential risk factors, malnutrition was still associated with
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FIGURE 2
Population distribution and prevalence of malnutrition according to three different scoring systems. Histograms show the population distribution of
CONUT (A), GNRI (B), and PNI (C). The numbers reported outside each circle indicate the cumulative frequency of malnutrition. Any degree (D) vs.
moderate—severe (E) according to each malnutrition score. The overlapping area of the circles reflects the frequency with which the diagnosis of
malnutrition with 1 score overlaps with the others. CONUT, Controlling Nutritional Status score; GNRI, Geriatric Nutritional Risk Index; PNI, Prognostic
Nutritional Index.

unfavorable outcomes as predicted by any of these scores. Similar
results were observed in subgroup analysis and the association
between GNRI and MACEs was more pronounced in patients with
BMI >25kg/m® The addition of nutrition scores to the GRACE
significantly enhanced the ability to predict all-cause mortality and
MACEs. Accordingly, the current findings revealed that malnutrition
were prevalent in patients with ACS and CKD, and that malnutrition
was an independent risk factor for all-cause mortality and MACEs
regardless of the screening tools used. The addition of malnutrition
scores to the existing risk score could help in better identification of
high-risk patients with ACS and CKD.

Though some studies have demonstrated the benefits of invasive
management of ACS in patients with CKD (21, 22), others indicated
that the benefits of it in patients with impaired renal function are in
fact limited (23). The management of ACS patients with CKD still
remains controversial. The term “cardiorenal syndrome” describes the
intricate connections between cardiac and renal disorders (24). There
are numerous interfaces where cardiovascular and renal illnesses
coexist. Malnutrition is one of the pathophysiologic mechanisms
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underlying the combined dysfunction of heart and kidneys (17).
However, a large number of studies focusing on cardiovascular disease
excluded patients with kidney disease, resulting in a discrepancy
between clinical reality and evidentiary base, especially for patients
with ACS and CKD (4). Therefore, it is necessary to investigate
malnutrition in patients with ACS and CKD.

Significant correlations among the three different scores were
found (Figure 3), but the prevalence of malnutrition varied
depending on the nutritional screening tools. A total of 668
(94.6%) patients were diagnosed as having different degreed of
malnutrition by at least one of the nutritional scores, indicating
that malnutrition was prevalent in patients with ACS and CKD. The
prevalence of malnutrition in patients with ACS and CKD has not
been adequately studied. A previous study (25) reported that 58.5%
of the participants were at moderate to severe risk of malnutrition
using the GNRI score to assess a cohort of 58 patients with ACS
and hemodialysis. Another study included patients with CKD
detected a malnutrition rate of 94.3% among 53 patients combined
with coronary artery disease (26). Our presented study
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demonstrated the prevalence of malnutrition in patients with ACS
and CKD in a relatively larger cohort and evaluated the
performance of three scores in screening malnutrition.

5
o x = - [id
4 o [o} Z z
(6] ) (6] o o
1
CRP *x *=x *x == 08
06
eGFR 014 = = = 04
02
0.2
PNI 0.31 0.23 -0.88 . . -0.4
-0.6
GNRI 0.28 0.21 0.72 0.77 0.8
-1
FIGURE 3
Correlation between different malnutrition indexes, CRP, and eGFR.
CRP, c-reactive protein; eGFR, estimated glomerular filtration rate;
CONUT, Controlling Nutritional Status score; GNRI, Geriatric
Nutritional Risk Index; PNI, Prognostic Nutritional Index.

10.3389/fnut.2023.1187672

We discovered that even after adjusting demographic and clinical
risk factors, malnutrition was still linked to all-cause mortality and
MACEs. A retrospective cohort included patients with coronary heart
disease (27), showed that malnutrition defined by the CONUT score
was associated with all-cause mortality, and that the association was
also observed among CKD patients. In addition, research from Tokyo
(28) also showed that malnutrition was a strong risk factor for MACEs
among patients with stable coronary heart disease, and that the
association remained even stratified by CKD. However, the findings
of the two researches are not in line with a past report (25), in which
malnutrition was not linked to in-hospital and long-term mortality in
patients with ACS and hemodialysis after adjustment. Due to its
relatively small sample size (n=58) and less representative CKD
population, the last study (25) should be treated with caution.

Malnutrition is a complex pathological condition. Nutritional
status may be a proxy indication of inflammation, which could explain
the association between unfavorable prognosis and malnutrition in
ACS and CKD patients (29). The present study observed a significant
correlation between CRP levels and malnutrition (Figure 2). ACS is
the result of atherosclerotic plaque rupture caused by chronic
inflammatory response (30). As two proven non-traditional risk
factors for people with CKD, inflammation and malnutrition could
interact with each other and promote the development of
atherosclerosis, resulting in cardiovascular events or death (9, 31, 32).
This progress becomes even worse with the decline in renal function.
‘Worse malnutrition is associated with elevated levels of inflammation,
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which accelerates the progress of atherosclerosis. The relationship
between these three conditions has been currently defined as
Syndrome  (33).
Moreover, malnutrition is a complex disorder that includes decreased

Malnutrition-Inflammation-Atherosclerosis

protein reserves and caloric collapse, both of which could impair
immune system. Several chronic diseases emerge and develop as a
result of the collapse of immune system. Reduced nutritional intake,
poor nutrient absorption, and disorders of neurohormonal and
promote the progression of malnutrition (17). Consequently, a vicious
cycle could be resulted from a positive feedback loop between immune
defense, malnutrition, inflammation, and unfavorable consequences.

Standards for malnutrition screening tools have not been
established yet. In our study, the PNI demonstrated the strongest
predictive performance for both all-cause mortality and MACEs,
while the predictive ability of GNRI was the lowest (Tables 3, 4). The
CONUT contained serum albumin, total cholesterol levels, and total
lymphocyte count for assessing nutritional status. The PNI consisted
of albumin and lymphocyte count, and the GNRI considered serum
albumin levels, body weight, and height (14-16). The common
element among the three nutritional indices, that is, albumin, reflected
both systemic inflammation and nutritional status (34). Even among
healthy people, hypoalbuminemia was linked to death regardless of
the underlying illness (35). The immunological regulatory response
could be represented in lymphocytes. Lymphocyte count decline is
thought to be a result of acute stress or gradual depletion of bodily
reserves, and it is linked to unfavorable prognosis of those with kidney
disease and cardiovascular disease (36, 37). Recent studies showed
that patients with ACS or CKD who had lower BMI were more likely
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to die and experience cardiovascular events (11-13, 38), which was
consistent with our finding in the unadjusted Cox regression analyzes
that BMI was negatively associated with all-cause mortality
(Supplementary Table S4). However, it is essential to emphasize that
body weight is influenced by edema and urine output, which may
increase the measured weight of participants with CKD than their
actual weight and therefore affect the predictive ability of the GNRI. In
addition, GNRI was found to interacted with BMI (p for
interaction =0.005) regarding MACEs, which was due to the fact that
GNRI was created to address the challenges associated with
determining appropriate weight, and that both GNRI and BMI
estimates consider height and weight (15). Our research indicated that
PNI outperformed the COUNT score in terms of predicting all-cause
mortality and MACEs. We speculated that this was because certain
factors, such as dietary choices, drug usage, alcohol use, smoking, and
lifestyle choices, can affect total cholesterol (TC), a component of the
CONUT score. Moreover, serum albumin concentrations, total
lymphocyte count, and TC were all categorical variables in the
COUNT score, making it a rough measure to capture the additional
predictive information. Based on our findings, we recommended the
application of the PNI for the first time, which only requires two
laboratory indices and was relatively simple to calculate—even
without specialized automatic calculators.

The GRACE score is reccommended in the current guidelines for
risk stratification and prognostic evaluation in ACS patients (6, 39).
The components of the GRACE score include serum creatinine level
and cardiac biomarker level, which could be elevated with the
decline in renal function (40). Hence, the prognostic impact of
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TABLE 2 Multivariate Cox regression analyzes for all-cause mortality and MACE.

Multivariable analysis

All-cause mortality
HR [95% Cl] p-value HR [95% Cl]

CONUT (continuous) 1.3 [1.2,1.4] <0.001 1.15 [1.06, 1.24] <0.001

CONUT (categorical; normal nutrition as reference)

Mild risk 3.23 [1.24, 8.41] 0.017 1.21 [0.67, 2.17] 0.53
Moderate risk 7.23[2.69, 19.49] <0.001 2.08[1.1,3.9] 0.023
Severe risk 17.56 [5.6, 55.09] <0.001 3.37[1.31,8.68] 0.012
GNRI (continuous) 0.95 [0.92,0.97] <0.001 0.97 [0.95,0.99] 0.018

GNRI (categorical; normal nutrition as reference)

Mild risk 1.40.43,4.5] 0.576 1.1[0.39,3.1] 0.857
Moderate risk 2.18 [0.93,5.13] 0.075 1.75 [0.83, 3.68] 0.139
Severe risk 3.16[1.28,7.79] 0.013 2.05[0.91,4.63] 0.085
PNI (continuous) 0.89 [0.86, 0.92] <0.001 0.93 [0.91,0.96] <0.001

PNI (categorical; normal nutrition as reference)

Moderate risk 2.52[1.62,3.94] <0.001 2.1[1.4,3.16] <0.001

Severe risk 3.46 [2.28, 5.25] <0.001 1.94 [1.26, 2.98] 0.003

Adjusted by age, sex, BMI, hypertension, diabetes, hyperlipidemia, prior myocardial infarction, prior PCI or CABG, type of ACS, Killip class > = II, creatinine, left ventricular eject fraction
(LVEF) <40%, multivessel disease, medications at discharge including beta-blockers, ACEI/ARBs and statins, and GRACE risk score. HR, hazard ratio; CI, confidence interval; MACE, major
adverse cardiovascular event; other abbreviations as in Table 1.

A conut B GNRI
group HR(95%CI) Number p for interaction group HR(95%CI) Number p for interaction
All patients _— 1.15(1.06,1.24) 705 All patients - 0.97(0.95,0.99) 705
Age,years 0.228 Age.years 0.989
<65 — 1.39(1.1,1.76) 179 <65 —_— 0.95(0.87,1.04) 179
>65 —— 1.11(1.02,1.21) 526 >65 —— 0.98(0.95,1) 526
Sex 0.709 Sex 0.301
male —_— 1.14(1.04,1.25) 528 male —— 0.97(0.94,1) 528
female — 1.2(1.03,1.39) 177 female — 0.96(0.91,1.02) 177
BMILkg/m2 0.709 BMIkg/m2 0.005
225 ——  1.36(1.09,1.7) 195 225 -— 0.87(0.81,0.94) 195
<25 —— 1.12(1.03,1.22) 510 <25 i 0.98(0.96,1.01) 510
Type of ACS 0.111 Type of ACS 0.712
STEMI — 1.18(1.07,1.3) 442 STEMI —— 0.97(0.94,1) 442
NSTE-ACS — 1.03(0.9,1.17) 263 NSTE-ACS —— 0.98(0.93,1.03) 263
eGFR,mL/min/1.73m2 0.306 eGFR,mL/min/1.73m2 0.176
>30 —— 1.15(1.04,1.27) 503 >30 —— 0.97(0.94,1.01) 503
<30 —_— 1.11(0.96,1.29) 202 <30 —— 0.98(0.94,1.03) 202
e —r—r——
0901011 13 15 085090095 10105
C pNI
group HR(95%Cl1) Number p for interaction
All patients — 0.93(0.91,0.96) 705
Age,years 0.817
<65 —_— 0.89(0.81,0.98) 179
>65 —— 0.94(0.91,0.98) 526
Sex 0.451
male — 0.93(0.89,0.96) 528
female —s—  0.93(0.88,0.99) 177
BMIkg/m2 0.369
225 _— 0.87(0.8,0.96) 195
<25 i 0.95(0.92,0.98) 510
Type of ACS 0.501
STEMI —— 0.93(0.89,0.97) 442
NSTE-ACS —e—  0.95(0.9,1.01) 263
eGFR,mL/min/1.73m2 0.359
>30 —-— 0.93(0.9,0.97) 503
<30 — 0.94(0.88,1) 202
P & 1
080 08509009510
FIGURE 6
HR for MACE in different subgroups according to malnutriton scores. HR of CONUT (A), GNRI (B), and PNI (C) were adjusted by the variables as presented
in Table 2, except for variable that is stratified by itself. CONUT, Controlling Nutritional Status score; GNRI, geriatric nutritional risk index; PNI, prognostic
nutritional index; MACE, major adverse cardiovascular events; HR, hazard ratios; BMI, body mass index; ACS, acute coronary syndrome; NSTE-ACS, non—
ST-segment elevation acute coronary syndrome; STEMI, ST-segment elevation myocardial infarction; eGFR, estimated glomerular filtration rate.
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TABLE 3 Comparative analysis of malnutrition scores for predicting all-cause mortality and MACE at medium follow-up time.

Discrimination Ability

All-cause mortality

CONUT

C-statistic (95%CI)

0.735 (0.688-0.782)

0.673 (0.623-0.724)

0.743 (0.697-0.790)

Sensitivity

0.758

0.436

0.653

1-Specificity

0.415

0.175

0.275

All-cause mortality

. CONUT vs GNRI CONUT vs PNI PNI vs GNRI
Comparison . . .
Difference p value Difference p value Difference p value
C-statistic 0.062 0.001 0.008 0.514 0.070 <0.001
NRI 0.169 0.007 0.06 0.445 0.346 <0.001
DI 0.059 <0.001 0.006 0578 0.065 <0.001

Discrimination ability

C-statistic (95%CI)

0.675 (0.623-0.727)

0.657 (0.606-0.709)

0.690 (0.639-0.742)

Sensitivity

0.856

0.429

0.648

1-Specificity

0.586

0.189

0.342

MACE
. CONUT vs GNRI CONUT vs PNI PNI vs GNRI
Comparison . . .
Difference p value Difference p value Difference p value
C-statistic 0.018 0.373 0.015 0.274 0.033 0.071
NRI 0.07 0.299 0.106 0.193 0217 0.02
DI 0.012 0.266 0.011 0.159 0.024 0.02

NRI, net reclassification improvement; IDI, integrated discrimination improvement; other abbreviations as in Tables 1, 2.

TABLE 4 Model performance after the addition of malnutrition indexes to the GRACE Risk score for predicting 6-month all-cause mortality and MACEs.

Model C-statistics p value NRI p value IDI p value
All-cause mortality

GRACE 0.696 ref ref ref
GRACE+CONUT 0.772 <0.001 0.264 <0.001 0.077 <0.001
GRACE+GNRI 0.735 0.031 0.187 <0.001 0.044 <0.001
GRACE+PNI 0.773 <0.001 0.269 <0.001 0.092 <0.001
MACE

GRACE 0.653 ref ref ref
GRACE+CONUT 0.701 0.024 0.204 <0.001 0.034 <0.001
GRACE+GNRI 0.694 0.034 0.203 <0.001 0.031 <0.001
GRACE+PNI 0.710 0.019 0.235 <0.001 0.047 <0.001

Abbreviations as in Tables 1-3.

these variables would be reduced among patients with
CKD. Moreover, the GRACE score is generated using unselected
and generalizable patients (6), which may limit its application
among specific populations such as those with CKD (7). Our
findings indicated that the GRACE score could be greatly improved
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by including the malnutrition score for a better prediction of
MACESs and all-cause mortality. Thus, we highlighted the necessary
for physicians to incorporate the detection of malnutrition into
their routine practice to enhance risk stratification and guide the
following secondary prevention interventions.
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How to prevent and treat malnutrition? Various strategies have
been developed including oral nutritional supplements, dietary
interventions, food/liquid fortification or enrichment, and certain
public health measures (41). Certain diets are associated with the
risk of malnutrition and cardiovascular complications. The
ketogenic diet (KD) is protective for malnutrition risk and
cardiovascular complications like diabetes and obesity, by altering
the homeostasis of metabolites and regulating the level of glucose
sugar and insulin (42-44). In contrast, the high sugar diet mediates
insulin resistance, reduced fatty acid oxidation, and dyslipidemia
(45), and is associated with an increased risk of sarcopenia and
major cardiovascular events, both among participants with
preexisting cardiovascular disease and those without such disease
(46, 47). Government departments should implement public health
measures like providing education/information on healthy diets,
implementing nutrition labeling in processed food, exploring oil of
high antioxidant activity, and encouraging the cultivation of plants
with high protein content to promote protein intake in patients with
malnutrition (48-50). Although dietary supplements could treat
malnutrition, they should be considered as part of the whole
medication. Elderly people, especially patients with cardiovascular
comorbidities, have a high risk of inappropriate and excessive
medication (51). Excess medication interacts with the cytochrome
P450 enzyme system of the liver and affects absorption (52).
Cardiovascular comorbidities and malnutrition can lower serum
albumin levels, and renal function can decline with aging, which in
turn increases the toxicity, alter the pharmacodynamics of drugs,
and eventually lead to prolonged admission, greater hospital costs,
and high mortality for elderly patients (52, 53). Medications such
as glucagon-like peptide 1 (GLP-1) agonists, glucose-dependent
insulinotropic polypeptide (GIP) agonists, and dual GLP-1/GIP
agonists could benefit patients with diabetes, obesity, and
cardiovascular disease (54). In the future, novel medications that
have pleiotropic effects are warranted to reduce the number of
administered drugs.

The current study has several limitations to be noted. Firstly, the
single-centered and retrospective design of this study has certain
inherent drawbacks including differences in medical level in different
periods. However, it included patients treated in actual clinical settings
in accordance with standardized institutional protocols, thereby
eliminating many possible confounding factors from selection bias
and heterogeneous clinical practice. Secondly, Malnutrition data was
only collected at the baseline, making it difficult to theoretically
explain potential changes in each parameter over time, but it was still
a reliable approach to assessing long-term effects of malnutrition
according to previous reports (5, 10, 11). Thirdly, we did not compare
indicators with more complex comprehensive nutritional assessments,
such as GLIM criteria and NRS-2002. Lastly, further studies are
encouraged to ascertain whether the preoperative correction of
malnutrition and initial nutritional intervention could enhance
postoperative outcomes.

Conclusively, the current findings revealed that malnutrition
scores were applicable to screen for malnutrition in patients with ACS
and CKD, and that malnutrition was an independent risk factor for
all-cause mortality and MACEs regardless of the screening tools used.
Identifying malnutrition and those who might benefit from nutritional
supplement is significant for a favorable prognosis of patients with
ACS and CKD.
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