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Inflammation and nutritional
status in relation to mortality risk
from cardio-cerebrovascular
events: evidence from NHANES
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Chao Liu!, Shuyuan Liu'? and Hongping Li*

!Guang'anmen Hospital, China Academy of Chinese Medicine Sciences, Beijing, China, 2College of
Traditional Chinese Medicine, Hubei University of Chinese Medicine, Wuhan, China

Objective: Inflammation and nutritional status are closely associated with the
mortality risk of survivors of cardio-cerebrovascular events. This study aims
to evaluate the relationship between inflammation and nutritional indices and
mortality among, identifying the most predictive indices.

Methods: This study included cohort data of the survivors of major adverse
cardiovascular and cerebrovascular events (MACCE) from the National Health
and Nutrition Examination Survey (NHANES) in 1999-2010. MACCE is defined
as a composite of myocardial infarction, heart failure and stroke, and at least
one of the three events occurs. The main outcomes were all-cause mortality
and cardiovascular mortality. Kaplan—Meier analysis and receiver operating
characteristic curves were used to compare the correlation between seven
inflammatory nutritional indices (such as Advanced Lung Cancer Inflammation
Index, ALI) and mortality among the survivors. A multivariable-adjusted Cox
regression and restricted cubic splines analysis identified the most predictive
index, with the optimal number of nodes determined by the Akaike information
criterion. Subgroup and sensitivity analyses were conducted to assess model
stability.

Results: A total of 2,045 MACCE survivors were included. The higher levels
of ALl and serum albumin were significantly associated with lower risks of
all-cause and cardiovascular mortality among these individuals. Increases in
C-reactive protein to Lymphocyte Ratio, Neutrophil to Serum Albumin Ratio,
Neutrophil-to-Lymphocyte Ratio, Systemic Immune-Inflammation Index (Sll),
and C-reactive protein were similarly correlated with higher mortality risk. ALI
outperformed other indices, displaying a distinct L-shaped nonlinear relationship
with both all-cause and cardiovascular mortality among MACCE survivors, with
an inflection point at 90 indicating the lowest risk. To the left of this inflection,
each unit increase in ALI was associated with a 1.3% decrease in all-cause and
cardiovascular mortality risk among MACCE patients. To the right, the risk might
increase by 0.2%, although the change was not statistically significant. Subgroup
analyses and sensitivity analyses showed that the association between ALl and
risk of mortality remained stable in most MACCE survivor populations.

Conclusion: Routine and dynamic monitoring of ALl is helpful for clinicians to
assess the mortality risk among MACCE survivors. Anti-inflammatory therapies
and appropriate nutritional support are crucial for reducing mortality in these
individuals.
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1 Introduction

Cardio-cerebrovascular diseases are among the principal causes
of mortality worldwide (1). Despite a 34.9% reduction in the
age-standardized mortality rate from cardiovascular diseases globally
over the past 30 years, the absolute number of deaths has increased by
7.4 million, reaching 19.8 million in 2022 (2). Currently, ischemic
heart disease and stroke are the primary threats to the health and
longevity of the middle-aged and elderly populations (3), with patients
in the terminal stages of various cardiovascular diseases exhibiting a
five-year survival rate of only 50% (4). The related complications, such
as cognitive and motor disorders, seriously affect patients” quality of
life (5).

Inflammation and nutritional status are closely associated with
the risk of death from cardio-cerebrovascular diseases (6).
Immune-inflammatory responses are a critical pathological
mechanism in these diseases. Following a cardiovascular event, the
interaction between circulating platelets and neutrophils initiates
the immune-inflammatory response, directly causing endothelial
dysfunction (7). Moreover, the local infiltration of monocytes,
lymphocytes, and macrophages promotes the secretion of
pro-inflammatory factors, triggering a cascade of inflammatory
responses that exacerbate arteriosclerosis in the cardio-
cerebrovascular system. Chronic inflammation can also induce
immunosuppression, exacerbating cardiac remodeling and
adversely affecting outcomes (8-10). Notably, inflammatory
responses disrupt energy metabolism, as evidenced by the rapid
consumption of oxygen and nutrients in myocardial infarction
sites, presenting challenges for leukocyte-mediated tissue repair
(11). Additionally, the long-term burden of disease can lead to
nutritional imbalances in survivors of cardio-cerebrovascular
events, characterized by excessive consumption and redistribution
of proteins and other nutrients (12-14).

Some circulating immune inflammatory cells, serum albumin,
body mass index (BMI) and other indicators reflecting the
inflammation and nutritional status of the body are closely related to
the prognosis of cardio-cerebrovascular diseases. Advanced Lung
Cancer Inflammation Index (ALI) is a new index, which incorporates
serum albumin (ALB), BMI and the neutrophil-to-lymphocyte ratio
(NLR), are closely linked to the prognosis of cardio-cerebrovascular
diseases and was initially used to assess inflammation, nutritional
status and prognosis of lung cancer patients (15, 16). Recent studies
have shown its relevance to the prognosis of acute coronary syndrome,
heart failure, hypertension, and stroke (17-20). Furthermore, a cross-
sectional cohort study involving 12,615 participants identified the
C-reactive protein to Lymphocyte Ratio (CLR) as a potential new
inflammatory marker for myocardial infarction (21). Additionally, the
Neutrophil to Serum Albumin Ratio (NPAR), NLR, and ALB have
been reported to correlate with mortality in heart failure patients
(22-24). Some composite inflammatory indices, such as the Systemic
Immune-Inflammation Index (SII), which integrate platelet and
neutrophil counts along with other inflammatory cell parameters, as
well as single indices, C-reactive protein (CRP), have been associated
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with the occurrence of stroke and adverse outcomes such as vascular
recurrence (25-27).

The above research suggests that nutrition and inflammation are
closely related to the occurrence of MACCE. However, research on the
relationship between nutritional inflammatory state and the risk of
cardiovascular mortality remains limited, particularly in MACCE
survivors. Additionally, the predictive accuracy of certain composite
nutritional inflammatory indices, such as the Advanced Lung Cancer
Inflammation Index (ALI), compared to single indicators, C-reactive
protein (CRP), remains unclear. Therefore, building on previous
related studies, we conducted an analysis using data from the National
Health and Nutrition Examination Survey (NHANES). This study
included composite indices such as ALI, CLR, NPAR, NLR, and SII,
along with single inflammation and nutritional markers CRP and
ALB. The aim was to evaluate the effects of different nutritional and
inflammatory states on all-cause mortality and cardiovascular
mortality in MACCE survivors, and to determine the most valuable
and predictive indicators. It could offer new insights for managing and
treating these patients, potentially enhancing their overall health
management strategies and reducing mortality risks.

2 Methods

The study utilized the NHANES database conducted by the
National Center for Health Statistics (NCHS). NHANES is a
comprehensive survey designed to gather nationally representative
data on the health and nutritional status of the civilian U.S. population,
encompassing demographic, socioeconomic, dietary, and health-
related information. To ensure the diversity of its sample, NHANES
employs a stratified, multistage probability sampling method to select
participants from across the nation. The study protocol was approved
by the NCHS Research Ethics Review Board, and all participants
provided written informed consent. Detailed information on the
survey methodology can be accessed on the NHANES website.

2.1 Data and sample sources

This study utilized publicly available data from NHANES
spanning the years 1999-2010. The inclusion criteria for the study
population were individuals who had survived major adverse
cardiovascular and cerebrovascular events (MACCE), defined as a
composite of myocardial infarction, heart failure and stroke, and at
least one of the three events occurs (28). Screening criteria were as
follows: (a) a clinical diagnosis of myocardial infarction; (b) a clinical
diagnosis of heart failure; (¢) a clinical diagnosis of stroke. Considering
the reality of the NHANES database and requirements such as medical
ethics, the following populations were excluded from this study. (a)
individuals younger than 20 years old; (b) pregnant participants; (c)
participants lacking data necessary to calculate Inflammation and
nutritional indices; (d) unknow data of survival; (e) participants
missing any required covariates. In the NHANES database, the
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starting point of the adult group is often 20 years old, and in many
regions and states of the United States, smoking and drinking are
allowed only after 20 years old. After applying these criteria, a total of
2,045 individuals were included in the final analysis. The detailed
screening process is illustrated in

2.2 Assessment of inflammation and
nutritional indices

To comprehensively investigate the influence of inflammation and
nutrition on health outcomes, this study incorporated seven indices
related to inflammatory and nutritional status for comparative
analysis. These included five composite indices and two conventional
indices: ALI, CLR, NPAR, NLR, SII, CRP, and ALB. The formulae for
calculating the composite indices are as follows:

10.3389/fnut.2024.1504946

RP L
CLR - CRP(mg/dL)
Lymphocyte (1000 cells / 1L )
NPAR — Neutrophil (.1000 cells / uL)
Albumin ( g/ dL)
NLR = Neutrophil (1000 cells / 4L )

" Lymphocyte (1000 cells / uL)

Neutrophil (1000 cells / 2L ) x Platelet (1000 cells / L)

SII =
Lymphocyte (1000 cells / L)

Subsequently, the most effective index (highest AUC value) was

Weight (k Lymph 1000 cells / L i ime- i i isti
ALI= Yeig ( gz) x Albumin (g / dL) x ymp 00)'.16( cells/ pL) selected using time-dependent receiver operating characteristic
Height (m) Neutrophil (1000 cells / L) (ROC) analysis. Based on the quartiles of this indicator, participants
[ Inculed ] [ Exclude ]
MACCE participant _
From NHANES 1999 to 2010, y . Age T 20,n (i 3
N=3.097 regnant now, n
Participant Missing data of Inflammation indicators, n=628
N=3,044 Unknow data of survival, n=1
.. Missing data of other covariates, including PIR(205),
Participant . .
- Educational level(5), Drinking(136),CKD(20),
N=2,415
Cancer(4)
Finally data
n=2,045
FIGURE 1
Flow chart of the participants selection process.
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were divided into four groups (Q1, Q2, Q3, Q4), with the first quartile
group (Q1) serving as the reference group.

2.3 Assessment of mortality rates

Mortality data was linked to the NHANES dataset using identifiers
provided by NCHS. This linkage utilized the National Death Index
(NDI) to ascertain participants’ survival status, with follow-up data
complete through December 31, 2019. Participants not found in the
NDI were considered to be alive. Mortality assessment was conducted
using the latest available NDI public mortality dataset, with causes of
death classified according to the International Classification of
Diseases, Tenth Revision (ICD-10). Cardio-cerebrovascular disease-
related death codes included 100-109, 111, 113, 120-151, 160-169 (29).

2.4 Covariates

This study considered multiple variables that could influence the
relationship between inflammation, nutritional status, and the risk of
cardio-cerebrovascular and all-cause mortality. These variables
encompassed a range of demographic characteristics such as age,
gender, race, marital status, education level, and poverty-income ratio,
as well as smoking and drinking habits, and comorbid conditions like
kidney disease, diabetes, hypertension, and cancer. Smoking history
was determined by whether an individual had smoked more than 100
cigarettes in their lifetime, while drinking history was based on
whether they had consumed at least one 12-ounce beer, a 5-ounce
glass of wine, or a 1.5-ounce shot of liquor within a year. Cancer and
cardio-cerebrovascular disease statuses were ascertained through self-
reported questionnaires, kidney disease was identified by an eGFR
<60 mL/min/1.73 m*> and a UACR >30 mg/g, and diabetes was
diagnosed based on self-reported surveys, glycosylated hemoglobin
levels, and fasting glucose levels. Further details are available on the
NHANES official website.

2.5 Statistical analysis

The statistical analysis strictly followed the recommended design
methods of the NHANES database, employing appropriate weights for
each study component. For variables that conformed to a normal
distribution, data were described as mean + standard deviation (x *
s); for non-normally distributed variables, frequency and percentage,
median, and quartile ranges [M(P25, P75)] were used. Baseline
differences in continuous variables were assessed using analysis of
variance, while categorical variables were evaluated through the
test, with results presented as percentages.

To determine the relationship between inflammation and
nutritional statuses and mortality among MACCE survivors and to
identify the most suitable indicators, the study initially employed
Kaplan—-Meier analysis to explore the relationships between seven
inflammation and nutrition indices and all-cause and cardio-
cerebrovascular mortality among MACCE survivors. ROC curve
analysis was then used to compare the predictive value and efficacy of
these indices for mortality. For the most effective index, a
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multivariable-adjusted Cox regression model further evaluated its
association with all-cause and cardiovascular mortality among
MACCE survivors, with results expressed as hazard ratios (HR) and
95% confidence intervals (CI). Three models were used for analysis: a
crude model without any adjustments for confounders; Model 1
adjusted for demographic factors such as age, gender, race, poverty-
income ratio (PIR), and education level; Model 2, which further
adjusted for smoking, alcohol consumption, diabetes, hypertension,
chronic kidney disease, and cancer history to control for these factors’
impact on the outcomes.

Additionally, the study combined restricted cubic spline (RCS)
analysis and a multivariable-adjusted Cox regression model to
evaluate the nonlinear relationships between inflammation,
nutritional status and mortality rates among MACCE survivors, and
determined the optimal number of nodes with Akaike information
criterion. Recursive algorithms were used to determine inflection
points in the presence of nonlinear relationships, further examining
threshold effects. Subgroup analyses and sensitivity analyses were
performed to evaluate factors that might affect model stability,
ensuring the robustness and reliability of the findings. All analyses
were conducted using R software (version 4.3.1), with a significance
level set at p < 0.05 on a two-sided test.

3 Results
3.1 Baseline characteristics of participants

The study ultimately included 2,045 participants with an average
age of 63.957 years, 54.657% of whom were male, and an average ALI
of 63.396. Based on the quartiles of AL participants were subdivided
into four groups (Q1, Q2, Q3, Q4). Compared to those in the lowest
quartile (Q1 group), participants with higher ALI (Q2, Q3, and Q4
groups) were generally younger, had a higher proportion of females,
and had higher average lymphocyte counts (LYM), body mass index
(BMI), and albumin levels. However, they had a lower proportion of
Caucasians, lower counts of neutrophils (NEU), C-reactive protein
(CRP), CLR, NPAR, NLR, SII, and lower prevalence of chronic kidney
disease and cancer, indicating lower risks of cardiovascular and
all-cause mortality. There were no statistically significant differences
among the four groups in terms of poverty-income ratio (PIR),
educational level, platelet counts (PLT), smoking and drinking habits,
or history of hypertension, diabetes, myocardial infarction, heart
failure, and stroke. The detailed results are presented in Table 1.

3.2 Diagnostic efficacy of indicators

To ascertain which inflammation and nutritional index most
sensitively and effectively predicts mortality risk among MACCE
survivors, we performed a time-dependent ROC analysis. The results
revealed that the AUC values for ALI were superior in predicting both
all-cause and cardiovascular mortality compared to composite indices
such as NLR, NPAR, and CLR, as well as single indices like albumin
and C-reactive protein. This proves that ALI is superior to the other
indexes in predicting mortality risks. The specific results are illustrated
in Figure 2.
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TABLE 1 Characteristics of participants.

Characteristics

Quiartiles of Ali total

Q2

>=377,<54.1

(@K1
>=541, <758

Participants, n 2045 512 511 511 511
ALI 63.396 = 0.968 27.500 +0.389 46.118 £ 0.233 63.771 £ 0.361 109.981 +2.458 <0.0001
Age, year 63.957 £ 0.473 69.243 +0.843 65.400 £ 0.682 62.310 £0.912 59.606 £ 0.750 <0.0001
PIR 2.537 £ 0.056 2.503 +£0.092 2.371 £0.093 2.642 +0.090 2.622 +0.105 0.088
Sex, n (%) 0.025
Male 1,219 (54.657) 333 (58.496) 329 (58.976) 287 (52.421) 270 (49.478)
Female 826 (45.343) 179 (41.504) 182 (41.024) 224 (47.579) 241 (50.522)
Race, n (%) <0.0001

Mexican American 252 (3.490) 42 (2.340) 64 (3.320) 82 (4.879) 64 (3.336)

Non-Hispanic Black 390 (10.617) 55 (5.369) 73 (8.408) 93 (9.462) 169 (18.277)

Non-Hispanic White 1,264 (79.294) 390 (87.090) 340 (82.782) 301 (78.704) 233 (69.896)

Other Hispanic 82 (2.603) 13 (1.762) 20 (2.079) 25(3.401) 24 (3.060)

Other race 57 (3.996) 12 (3.438) 14 (3.411) 10 (3.553) 21 (5.432)
Education, n (%) 0.068

< High school 409 (12.616) 95 (13.679) 117 (15.249) 100 (10.916) 97 (10.885)

High school 893 (46.319) 232 (49.867) 226 (47.571) 226 (44.699) 209 (43.623)

> High school 743 (41.065) 185 (36.455) 168 (37.180) 185 (44.385) 205 (45.492)
LYM (1,000 cells/uL) 2.074 £0.031 1.419 £0.029 1.849 £ 0.028 2.171 £ 0.036 2.755+0.103 <0.0001
NEU (1,000 cells/uL) 4.527 £0.039 5.702 £ 0.099 4.751 £ 0.077 4.357 £0.076 3.464 £ 0.067 <0.0001
PLT (1,000 cells/pL) 248.943 +2.133 245.292 + 4.340 249.448 + 4.149 253.349 £+ 3.580 247.491 £5.032 0.493
Albumin, g/dL 4.177 £0.010 4.104 £ 0.020 4.169 = 0.016 4.178 £ 0.019 4.247 £ 0.020 <0.0001
CRP, mg/dL 0.587 £ 0.022 0.766 + 0.062 0.496 + 0.046 0.579 £ 0.048 0.521 £ 0.041 0.004
BMI, kg/m? 29.948 +0.197 26.690 + 0.302 28.874 +0.332 31.011 +0.363 32.755 +0.375 <0.0001
NPAR 1.093 £0.010 1.400 £ 0.025 1.147 £ 0.020 1.050 £ 0.018 0.820 £ 0.015 <0.0001
CLR 0.339 £0.016 0.617 + 0.050 0.277 £ 0.026 0.276 £ 0.023 0.212£0.018 <0.0001
NLR 2.558 +0.045 4.432+0.119 2.620 +0.029 2.038 +0.025 1.367 +0.022 <0.0001
SIT 633.681 = 13.271 1079.537 + 39.627 650.913 + 15.064 520.797 £+ 10.605 337.988 £9.020 <0.0001
Smoke, 1 (%) 0.436

No 744 (36.582) 169 (33.509) 178 (35.143) 194 (38.391) 203 (38.860)

Yes 1,301 (63.418) 343 (66.491) 333 (64.857) 317 (61.609) 308 (61.140)

(Continued)

“|e19 NnoH

9t6¥0ST'#202'INU/6855°0T


https://doi.org/10.3389/fnut.2024.1504946
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

UONRLIINN Ul SI913U0.4

90

610 uISI13UO0L

TABLE 1 (Continued)

Characteristics Quartiles of Ali total Q2 (@K
>=377<54.1 >=541, <758

Drinking, 1 (%) 0.395
No 300 (13.911) 64 (12.909) 76 (13.595) 80 (12.561) 80 (16.341)
Yes 1745 (86.089) 448 (87.091) 435 (86.405) 431 (87.439) 431 (83.659)

Hypertension, 7 (%) 0.632
No 470 (27.187) 121 (25.569) 126 (27.049) 119 (30.111) 104 (25.961)
Yes 1,575 (72.813) 391 (74.431) 385 (72.951) 392 (69.889) 407 (74.039)

DM, n (%) 0.168
No 1,297 (67.804) 354 (72.027) 328 (66.770) 298 (63.959) 317 (68.716)
Yes 748 (32.196) 158 (27.973) 183 (33.230) 213 (36.041) 194 (31.284)

CKD, n (%) <0.0001
No 1,074 (59.189) 210 (47.208) 250 (54.173) 280 (63.275) 334 (70.318)
Yes 971 (40.811) 302 (52.792) 261 (45.827) 231 (36.725) 177 (29.682)

Cancer, n (%) <0.001
No 1,617 (79.238) 361 (70.924) 404 (79.870) 415 (81.062) 437 (84.144)
Yes 428 (20.762) 151 (29.076) 107 (20.130) 96 (18.938) 74 (15.856)

Myocardial infarction, n (%) 0.209
No 972 (46.143) 243 (47.308) 216 (42.554) 256 (49.991) 257 (45.510)
Yes 1,064 (53.462) 266 (52.692) 294 (57.446) 252 (50.009) 252 (54.490)

Heart failure, n (%) 0.177
No 1,304 (65.156) 298 (60.997) 338 (67.293) 331 (66.105) 337 (68.397)
Yes 715 (33.822) 206 (39.003) 165 (32.707) 174 (33.895) 170 (31.603)

Stroke, n (%) 0.907
No 1,196 (59.632) 304 (59.794) 310 (60.656) 290 (58.178) 292 (60.019)
Yes 846 (40.326) 208 (40.206) 200 (39.344) 220 (41.822) 218 (39.981)

ALL-cause death, 7 (%) <0.0001
No 791 (44.281) 112 (27.175) 174 (38.282) 231 (51.298) 274 (57.986)
Yes 1,254 (55.719) 400 (72.825) 337 (61.718) 280 (48.702) 237 (42.014)

CVD-cause death, n (%) <0.001
No 1,528 (77.686) 346 (70.819) 367 (75.350) 391 (78.686) 424 (84.836)
Yes 517 (22.314) 166 (29.181) 144 (24.650) 120 (21.314) 87 (15.164)

The data are presented as the X + s or 1 (%). Continuous variables were analysis of variance, and categorical variables were analysis of y2 tests.

ALI Advanced lung cancer inflammation index; PIR, Poverty-income ratio; LYM, lymphocyte; NEU, neutrophil; PLT, platelet; CRP, C-Reactive Protein; BMI, Body mass index; NPAR, Neutrophil to Serum Albumin Ratio; CLR, C-reactive protein to Lymphocyte Ratio;

NLR, Neutrophil to Lymphocyte Ratio; SII, Systemic Immune-Inflammation Index; DM, Diabetes Mellitus; CKD, Chronic Kidney Disease; CVD, Cardiovascular Disease.
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TABLE 2 Relationship between ALI and mortality in different models.

Outcome Exposure Crude Model 1 HR Model 2 HR
model HR (95% ClI) (95% ClI)
(95% Cl)
0.990 (0.987, 0.996 (0.992, 0.996 (0.993,
ALL-cause <0.0001 0.012 0.022
0.994) 0.999) 0.999)
AL
0.988 (0.982, 0.994 (0.989, 0.994 (0.990,
CVD-cause <0.0001 0.032 0.041
0.993) 0.999) 0.999)

Crude model: no-adjust; Model 1: age, sex, race, PIR, educational level; Model 2: age, sex, race, PIR, educational level, smoke, drinking, DM, Hypertension, CKD, cancer.

3.3 Kaplan—Meier survival analysis

This study included data from 2,045 participants collected by
NHANES from 1999 to 2010. During a median follow-up of
119 months for the participants at baseline, we identified 1,254 deaths
from all causes, 517 deaths from CVD. To explore the health
implications of inflammation, nutritional status on the MACCE
population, the study initially employed Kaplan-Meier analysis to
assess the association between seven inflammation, nutritional indices
with all-cause and cardiovascular disease (CVD) mortality. The results
revealed that the higher ALI level was significantly associated with
lower risk of all-cause and CVD mortality (P < 0.0001,
Pcyp < 0.0001). In contrast, higher levels of composite inflammatory
indices such as CLR, NPAR, NLR, and SII were associated with a higher
risk of mortality, specifically CLR (Py; = 0.001, Peyp = 0.112); NPAR
(Py1 < 0.0001, Peyp = 0.009); NLR (Pyy; < 0.0001, Peyp, < 0.0001); SIT
(Py1. < 0.0001, Peyp = 0.034). The individual markers CRP and ALB
also showed correlations with mortality risks, with CRP (Py;;, = 0.002,
Peoyp =0.241) and ALB (Puy; < 0.0001, Peyp =0.005) respectively.
Detailed results are depicted in Supplementary Figure 1.

3.4 Relationship between ALl and mortality

Upon establishing ALI as the best predictor of long-term prognosis
among MACCE survivors, we utilized a multivariable Cox regression
model to quantify the relationship between ALI and both cardiovascular
and all-cause mortality within the population. Model 2, incorporating
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a comprehensive set of covariates potentially affecting exposures and
outcomes, served as the primary focus, showing that higher levels of
ALI are associated with lower risks of all-cause and cardiovascular
mortality among MACCE survivors. Specifically, for each unit increase
in ALL there is a 0.4% reduction in all-cause mortality and a 0.6%
reduction in cardiovascular mortality risk, with results from Model 1
consistent with those of Model 2 (Table 2). As shown in Table 3, this
trend was also significant across ALI quartiles; compared to the Q1
group, the hazard ratios (HR) for Q2, Q3, and Q4 were 0.730 (0.596,
0.894), 0.670 (0.561, 0.800), and 0.595 (0.467, 0.757) for all-cause
mortality (P for trend <0.0001), and 0.717 (0.538, 0.957), 0.763 (0.571,
1.018), and 0.561 (0.376, 0.836) for cardiovascular mortality (P for
trend = 0.006). Thus, compared to the Q1 group, the Q4 group’s
all-cause and cardiovascular mortality rates decreased by 40.5 and
43.9%, respectively. Results of the Cox multivariable regression analysis
for the other indices are available in Supplementary Tables S1, S2.

3.5 Nonlinear relationship between ALl and
mortality

Cox multivariable regression analysis indicated a nonlinear
relationship between ALI and the long-term prognosis of MACCE
survivors. To further elucidate this nonlinear association with
survivorship, we employed RCS analysis to calculate inflection
points while examining threshold effects. Our findings suggest a
nonlinear association between ALI and both all-cause and
cardiovascular mortality among MACCE survivors, as detailed in
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TABLE 3 Relationship between ALI quartile groups and mortality in different models.

10.3389/fnut.2024.1504946

Outcome ALI groups Crude Model 1 HR Model 2 HR
model HR (95% Cl) (95% Cl)
(95% ClI)
Q1 ref ref ref ref ref ref
0.653 (0.534, 0.718 (0.590, 0.730 (0.596,
Q2 <0.0001 <0.0001 0.002
0.797) 0.875) 0.894)
0.466 (0.375, 0.642 (0.542, 0.670 (0.561,
ALL-cause Q3 <0.0001 <0.0001 <0.0001
0.578) 0.762) 0.800)
0.367 (0.298, 0.573 (0.450, 0.595 (0.467,
Q4 <0.0001 <0.0001 <0.0001
0.453) 0.729) 0.757)
p for trend <0.0001 <0.0001 <0.0001
Q1 ref ref ref ref ref ref
0.659 (0.497, 0.728 (0.549, 0.717 (0.538,
Q2 0.004 0.027 0.024
0.873) 0.965) 0.957)
0.515 (0.383, 0.741 (0.557, 0.763 (0.571,
CVD-cause Q3 <0.0001 0.04 0.066
0.693) 0.986) 1.018)
0.339 (0.233, 0.559 (0.371, 0.561 (0.376,
Q4 <0.0001 0.005 0.004
0.493) 0.842) 0.836)
p for trend <0.0001 0.005 0.006
Crude model: no-adjust; Model 1: age, sex, race, PIR, educational level; Model 2: age, sex, race, PIR, educational level, smoke, drinking, DM, Hypertension, CKD, cancer.
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FIGURE 3

(B) RCS curve of ALI and CVD-cause mortality.

RCS curves of ALl impact on long-term ALL-cause and CVD-cause mortality in MACCE survivors: (A) RCS Curve of ALI and ALL-cause Mortality.

Figure 3. Recursive algorithms determined the inflection point for
ALI with all-cause mortality at 90; to the left of this point, each unit
increase in ALI resulted in a 1.3% decrease in all-cause and
cardiovascular mortality risk among MACCE patients. However,
beyond this inflection point, the relationship between ALI and
both all-cause and cardiovascular mortality became nonsignificant
(p > 0.05), as shown in Table 4.

3.6 Subgroup analysis
To ensure the stability of ALI’s predictive outcomes for the

long-term prognosis of MACCE survivors, we conducted a
subgroup analysis, basing it on the MACCE population to the right
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of the inflection point, and examining the death risk among
different populations to the left of the inflection point. Figure 4
indicated that age, BMI, cancer, and chronic kidney disease might
influence the predictive accuracy of ALI for all-cause mortality
among MACCE survivors (P for interaction <0.05). Specifically, for
individuals aged over 60, an ALI below 90 increased mortality risk
by 38.6% [HR: 1.386, 95% CI (1.057, 1.186, p < 0.05)], but no such
association was found in individuals under 60; for obese patients,
compared to those with ALI above 90, all-cause mortality risk
increased by 64.8% [HR: 1.648, 95% CI (1.211, 2.243, p < 0.05)],
while no such relationship was observed in normal-weight or
overweight individuals; patients with cancer and chronic kidney
disease had 2.4 times [HR: 2.443, 95% CI (1.538, 3.880, p < 0.05)]
and 74.7% [HR: 1.747, 95% CI (1.267, 2.408, p < 0.05)] higher

frontiersin.org


https://doi.org/10.3389/fnut.2024.1504946
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Hou et al.

TABLE 4 Threshold effect analysis of ALI on ALL-cause and CVD-cause mortality in MACCE survivors.

10.3389/fnut.2024.1504946

Inflection point HR (95% ClI) p p for interaction
ALL-cause <90 0.987 (0.983, 0.991) <0.0001 <0.0001
>=90 1.002 (0.999, 1.005) 0.141
CVD-cause <90 0.987 (0.980, 0.993) <0.0001 0.012
>=90 1.002 (0.998, 1.006) 0.409
ALL HR(95% CI) P p for interaction
ALI>=90 ALI<90 1
Age | 0.043
<60 Ref. 0.793(0.480,1.310) -—.I—- 0.365
>=60 Ref. 1.386(1.057,1.816) r——t 0.018
Sex ! 0.566
male Ref. 1.614(1.145,2.275) lr—— 0.006
female Ref. 1.434(1.099,1.872) I—— 0.008
BMI | 0.013
normal Ref. 1.218(0.689,2.152) —— 0.498
overweight Ref. 0.843(0.554,1.282) -or— 0.424
obesity Ref. 1.648(1.211,2.243) | —— 0.001
Diabete | 0.832
No Ref. 1.492(1.165,1.911) —— 0.002
Yes Ref. 1.547(1.113,2.150) I'—.—' 0.009
Hypertension ! 0.205
No Ref. 1.188(0.736,1.918) —lo—— 0.481
Yes Ref. 1.643(1.342,2.012) I —— <0.0001
Cancer 1 0.007
No Ref. 1.304(1.050,1.620) o 0.016
Yes Ref. 2.443(1.538,3.880) | ———— <0.001
CKD | 0.039
No Ref. 1.185(0.908,1.545) TQ—- 0.211
Yes Ref. 1.747(1.267,2.408) —— <0.001
Smoke ! 0.744
No Ref. 1.572(1.088,2.271) l—— 0.016
Yes Ref. 1.456(1.141,1.858) | —— 0.003
Drinking I 0.312
No Ref. 1.253(0.793,1.980) - 0.335
Yes Ref. 1.646(1.322,2.051) | —— <0.0001
1 1 1
FIGURE 4
Subgroup analysis of ALl predicting ALL-cause mortality in populations with Non-fatal MACCE.

all-cause mortality risk, respectively, compared to those without
these conditions. In the subgroup analysis for cardiovascular
mortality risk among MACCE survivors, ALI demonstrated robust
stability, showing no significant interactions (P for interaction
>0.05), as shown in Figure 5. Overall, ALI is a robust and reliable
predictor of mortality risk among MACCE survivors.

3.7 Sensitivity analysis

Considering the effects of age, cancer, and obesity,
we excluded young adults younger than 40 years of age,
individuals with comorbid cancers, and individuals with BMI
>30 kg/m?, ultimately including 863 participants for the study.
Similar to the main study, we analyzed the association between
ALI and risk of mortality using three multivariate regression
models. The results confirmed the persistence of the association
between ALI and the risk of all-cause and cardiovascular
mortality in MACCE survivors, suggesting that the association
was stable, as detailed in Table 5.

Frontiers in Nutrition

4 Discussion

To our knowledge, this is the first study utilizing comprehensive
and publicly accessible representative cohort data to compare the
effects of ALI and alternative inflammation and nutritional indices
(CLR, NPAR, NLR, SII, CRP, ALB) on all-cause and cardiovascular
mortality in MACCE survivors. Our findings demonstrate a significant
association between increased levels of ALI and ALB and reduced
risks of all-cause and cardiovascular mortality. Conversely, elevated
CLR, NPAR, NLR, SII, and CRP indices were correlated with higher
mortality risks. Moreover, ROC results indicate that ALI is notably
more effective in predicting risks of all-cause and cardiovascular
mortality than other indices. RCS results establish a non-linear
L-shaped relationship between ALI and all-cause mortality risk, with
the lowest risk at an ALI of 90. To the left of this inflection point, each
unit increase in ALI reduces all-cause and cardiovascular mortality
risk by 1.3%. It should be noted that beyond this inflection point, the
risk may increase by 0.2%, though this is not statistically significant.
Subgroup analyses suggest potential interactions between age, BMI,
cancer, and chronic kidney disease with ALT’s predictive accuracy for
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CVD HR(95% CI) p p for interaction
ALI>=90 ALI<90 |
Age | 0.93
<60 Ref. 1.489(0.720,3.080) -l—l—- 0.283
>=60 Ref. 1.562(1.159,2.106) i 0.003
Sex ! 0.122
male Ref. 2.438(1.292,4.598) I — 0.006
female Ref. 1.319(0.812,2.141) e — 0.263
BMI | 0.078
normal Ref. 1.637(0.576,4.651) 1+ 0.355
overweight Ref. 0.988(0.598,1.634) - 0.964
obesity Ref. 2.150(1.290,3.583) | —_—— 0.003
Diabete | 0.367
No Ref. 1.957(1.213,3.157) —— 0.006
Yes Ref. 1.403(0.808,2.436) -I—I—- 0.229
Hypertension ! 0.799
No Ref. 1.981(0.706,5.564) - 0.194
Yes Ref. 1.673(1.137,2.461) I—0— 0.009
Cancer | 0.192
No Ref. 1.500(1.017,2.212) r-a— 0.041
Yes Ref. 2.676(1.185,6.041) 1 & 0.018
CKD 1 0.373
No Ref. 1.972(1.275,3.051) | —— 0.002
Yes Ref. 1.485(1.041,2.119) —— 0.029
Smoke ! 0.209
No Ref. 1.325(0.785,2.237) Llg— 0.292
Yes Ref. 2.171(1.228,3.840) I— 0.008
Drinking | 0.052
No Ref. 0.974(0.484,1.961) —fp— 0.941
Yes Ref. 2.349(1.486.3.715) | —— <0.001
N B
FIGURE 5
Subgroup analysis of ALl predicting CVD-cause mortality in populations with Non-fatal MACCE.

TABLE 5 Relationship between ALI and mortality in middle-aged and elderly MACCE survivors without cancer and obesity.

Outcome ALI groups Crude Model 1 HR Model 2 HR
model HR (95% ClI) (95% Cl)
(95% Cl)
0.991 (0.988, 0.994 (0.991, 0.995 (0.991,
ALI <0.0001 0.0007 0.002
0.994) 0.998) 0.998)
Q1 ref ref ref ref ref ref
0.572 (0.459, 0.641 (0.512, 0.620 (0.494,
Q2 <0.0001 0.0001 <0.0001
0.714) 0.802) 0.778)
ALL-cause
0.557 (0.446, 0.595 (0.475, 0.602 (0.478,
Q3 <0.0001 <0.0001 <0.0001
0.695) 0.745) 0.758)
0.398 (0.314, 0.511 (0.399, 0.516 (0.402,
Q4 <0.0001 <0.0001 <0.0001
0.505) 0.654) 0.662)
p for trend <0.0001 <0.0001 <0.0001
0.991 (0.986, 0.994 (0.989, 0.994 (0.989,
ALI 0.0001 0.018 0.034
0.995) 0.999) 1.000)
Q1 ref ref ref ref ref ref
0.597 (0.428, 0.654 (0.467, 0.648 (0.461,
Q2 0.002 0.013 0.012
0.831) 0.915) 0.911)
CVD-cause
0.607 (0.437, 0.630 (0.451, 0.663 (0.471,
Q3 0.003 0.007 0.018
0.843) 0.880) 0.931)
0.380 (0.264, 0.494 (0.338, 0.513 (0.349,
Q4 <0.0001 0.0003 0.0006
0.548) 0.721) 0.752)
p for trend <0.0001 0.0006 0.002

Crude model: no-adjust; Model 1: age, sex, race, PIR, educational level; Model 2: age, sex, race, PIR, educational level, smoke, drinking, DM, Hypertension, CKD, cancer.
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all-cause mortality; however, ALIs robustness in predicting
cardiovascular mortality risk shows no significant interactions.

Myocardial infarction, heart failure, and stroke are clinically
significant cardio-cerebrovascular events. Globally, these events pose
high mortality risks, and effective risk management for survivors is
crucial for improving prognosis and enhancing quality of life. Recent
insights recognize immune-inflammatory responses as a common
critical pathological link among these events. Circulating immune
cells such as macrophages, lymphocytes, and neutrophils and their
secreted inflammatory mediators are extensively involved in the
pathogenesis of atherosclerosis, endothelial dysfunction, and cardiac
remodeling (7-10). Chronic inflammation can disrupt the intestinal
microenvironment, leading to edema and permeability changes in the
local gastrointestinal mucosa, affecting nutrient absorption.

Additionally, chronic inflammation can cause muscle wasting and
insulin resistance, increases the risk of osteoporosis, accelerating the
onset of malnutrition in survivors of cardio-cerebrovascular events,
typically manifesting as weight and muscle mass loss and a frailty
state, further increasing mortality risks (30-33). Notably, malnutrition
can also influence inflammatory responses, creating a vicious cycle
(34). Therefore, a comprehensive consideration of inflammation and
nutritional status is vital for accurately managing mortality risks in
survivors of cardio-cerebrovascular events.

AL calculated from NLR, ALB, and BMI, integrates both
inflammatory and nutritional statuses. Our study preliminarily
establishes that higher ALI is significantly associated with reduced
all-cause and cardiovascular mortality rates, exhibiting a non-linear
L-shaped relationship. This association likely reflects the organism’s
immune-inflammatory and nutritional statuses. Neutrophils play a
significant role in inflammation and innate immunity, while
lymphocytes represent the adaptive immune system level, both
closely related to the prognosis of cardio-cerebrovascular diseases
(35). Their ratio, NLR, predicts mortality risk in patients with
myocardial infarction, heart failure, and stroke (36-38). Serum ALB
and related composite indicators are commonly used in clinical
evaluation of nutritional status. Low levels of ALB not only indicates
malnutrition, but also is related to inflammatory reaction, which can
increase the risk of circulatory thromboembolism, and is a common
biomarker for risk stratification of cardio-cerebrovascular diseases
(39-41). Previous research has demonstrated that malnutrition states
such as hypoalbuminemia and cardiac cachexia increase the risk of
all-cause mortality among survivors of MACCE (42-44). In this
study, the mean serum Neutrophil-to-Lymphocyte Ratio (NLR) of
participants was 2.558, significantly higher than the average NLR of
a healthy American population reported in previous studies, with an
average serum Albumin (ALB) level of 4.177 g/dL. Our findings
reveal a significant decrease in NLR levels from quartile 1 (Q1) to
quartile 4 (Q4) among participants, accompanied by a notable
increase in ALB levels, correlating with a substantial reduction in
both all-cause and cardiovascular mortality. This suggests that
reductions in NLR or increases in ALB levels are associated with
decreased mortality risks among survivors of cardiovascular and
cerebrovascular events.

BMI is a common indicator for assessing weight and nutritional
status, typically defining obesity at a BMI >30 kg/m’ and underweight
at BMI <18.5 kg/m”. Obesity is a risk factor for multiple cardiovascular
and cerebrovascular diseases, such as myocardial infarction, heart
failure, and stroke (45). However, multiple studies have indicated that,
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compared to those with healthy weight, individuals who are overweight
or obese have a lower risk of mortality from these diseases, a
phenomenon known as the “obesity paradox” (46, 47). Our study also
finds that an increase in BMI is associated with reduced mortality risk.
Subgroup analysis reveals that, compared to individuals with ALI greater
than 90, obese patients had a 64.8% higher risk of all-cause mortality.

Further studies have pointed out a nonlinear relationship between
BMI and mortality in patients with cardiovascular and cerebrovascular
diseases. For instance, the relationship between BMI and all-cause
mortality in heart failure patients exhibits a U-shape, with decreased
mortality risk in overweight, Class I and II obesity compared to healthy
weight; however, Class I1I obesity (BMI >40 kg/m?) shows a higher risk
than that observed in the overweight category (48). An inverse
J-shaped relationship was also found between BMI of 23.07 kg/m? and
the lowest risk of all-cause mortality in stroke patients (49). It
noteworthy that high mortality risks associated with being underweight
(BMI <18.5 kg/m?) in patients with cardiovascular and cerebrovascular
diseases have been consistently observed in multiple studies (47-50).
Based on this evidence, BMI may play a significant role in the L-shaped
relationship between ABI and the all-cause and cardiovascular
mortality among MACCE survivors. It's important to note that BMI,
as an indicator of weight status, has its limitations as it does not
differentiate between fat mass, muscle mass, or edema-induced weight
gain. Some researchers have proposed the use of a visceral obesity
index (CVAI) to more accurately assess visceral fat content and identify
potential risk for cardiovascular events (51). In addition, studies
suggest that factors such as cardioprotective medications, duration of
obesity, and smoking status may play roles in the obesity paradox (52).

In recent years, patients with cardiovascular diseases who also
suffer from chronic kidney disease, metabolic disorders, and cancers
have garnered increasing attention from scholars. The American
Heart Association (AHA) has introduced the concept of the
Cardiovascular-Kidney-Metabolic (CKM) syndrome, a cluster of
interrelated diseases caused by the interactions between obesity,
diabetes, chronic kidney disease, and cardiovascular conditions such
as heart failure, coronary artery disease, and stroke, emphasizing the
importance of managing cardiovascular diseases in conjunction with
renal and metabolic disorders (53). Subgroup analyses in our study
show that, compared to the MACCE survivors with ALI greater than
90, those with chronic kidney disease experienced a 74.7% increase in
the risk of all-cause mortality. This may be related to the reduced renal
function and excessive loss of albumin leading to malnutrition in
patients with CKD. Additionally, subgroup analysis also indicates that
MACCE survivors with concurrent cancer had a doubled risk of
all-cause mortality, likely due to cancer being a chronic, debilitating
illness often associated with varying degrees of frailty and
malnutrition. Thus, it is imperative to enhance risk management for
MACCE survivors with chronic kidney disease and cancer, with an
emphasis on managing their comorbidities.

In conclusion, adequate nutritional support and anti-
inflammatory treatments hold potential benefits for reducing the
mortality risk associated with cardiovascular and cerebrovascular
events. The Mediterranean diet pattern is a common anti-
inflammatory diet, which consists of fats from fish, extra virgin
olive oil, canola oil, and mixed nuts containing monounsaturated
and polyunsaturated fatty acids (54). It has been shown by recent
evidence to reduce the incidence of cardiovascular events and
lower mortality risk (55-57). Other studies show that it is superior
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to a low-fat diet in preventing cardiovascular events (58). The anti-
inflammatory diets play a role in modulating the intestinal
microbiome, the intestinal mucosal barrier, and reducing
endotoxin translocation into systemic circulation, thereby
improving vascular endothelial function, ameliorating insulin
resistance, and mitigating oxidative stress (59, 60). There is
evidence of a bidirectional causal relationship between some gut
flora and stroke, and regulating gut flora may reduce the potential
risk (61). Currently, the Dietary Inflammatory Index (DII) has
been utilized to guide risk prevention and control in relevant
patients (62). Additionally, the use of low doses of medications
such as colchicine, among other anti-inflammatory drugs, has been
proven effective in reducing mortality risks in patients with
cardiovascular and cerebrovascular diseases (63, 64). This
underscores the importance of managing inflammation in risk
management for survivors of cardiovascular events.

5 Strengths and limitations

The advantage of this study lies in using various statistical
methods to evaluate and compare the sensitivity and efficacy of
various inflammatory and nutritional indices, enhancing the
objectivity and accuracy of the results. By employing multivariable-
adjusted Cox analysis, subgroup analyses, and interaction analyses,
the study minimizes confounding factors, bolstering the credibility
of the findings. Additionally, as a novel index, ALI provides more
precise guidance for risk management of cardio-cerebrovascular
events due to its simple clinical operation and calculation, showing
great potential for widespread application. Nonetheless, our study
shares the limitations common to observational research, as it does
not establish a causal relationship between ALI and mortality rates
among cardio-cerebrovascular event survivors. In addition, the
global applicability of the results needs to be further investigated
because of the population limitations in the NHANES database.
Further high-quality clinical evidence is needed to elucidate this
causality. Future studies could explore changes in ALI over time
and the predictive capability of dynamic ALI levels on mortality
risks among survivors, aiming to better guide long-term risk
management for patients.

6 Conclusion

The results of this study demonstrate that elevated ALI is
significantly associated with reduced risks of all-cause and
cardiovascular mortality among MACCE survivors. In a nationally
of American MACCE
we observed an L-shaped nonlinear relationship between ALI and

representative sample survivors,
both all-cause and cardiovascular mortality rates, with an
inflection point (lowest mortality risk) at ALI 90. It should
be noted that because of the limitations of this study, further
investigation is still needed for the causal relationship between
ALI and mortality risk and its applicability globally. Routine and
dynamic monitoring of ALI is helpful for clinicians to assess the
mortality risk in this population. Anti-inflammatory therapies
and appropriate nutritional support are crucial for reducing
mortality in these individuals.
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