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Purpose: Stroke-associated pneumonia (SAP) usually complicates stroke and is linked to adverse prognoses. Triglycerides, total
cholesterol, and body weight index (TCBI) is a new and simple calculated nutrition index. This study seeks to investigate the
association between TCBI and SAP incidence, along with its predictive value.

Patients and Methods: Nine hundred and sixty-two patients with acute ischemic stroke were divided into SAP group and Non-SAP
group. The TCBI was divided into three layers: T1, TCBI < 948.33; T2, TCBI 948.33-1647.15; T3, TCBI > 1647.15. Binary Logistic
regression analysis was used to determine the relationship between TCBI levels and the incidence of SAP. Furthermore, restricted
cubic splines (RCS) analysis was utilized to evaluate the influence of TCBI on the risk of SAP.

Results: TCBI in the SAP group was markedly lower compared to that in the Non-SAP group (P < 0.001). The Logistic regression
model revealed that, using T3 layer as the reference, T1 layer had the highest risk for SAP prevalence (OR = 2.962, 95% CI: 1.600—
5.485, P = 0.001), with confounding factors being controlled. The RCS model found that TCBI had a linear relationship with SAP
(P for nonlinear = 0.490, P for overall = 0.004). Moreover, incorporating TCBI into the A’DS? (Age, atrial fibrillation, dysphagia, sex,
and severity) model substantially enhanced the initial model’s predictive accuracy.

Conclusion: Low TCBI was associated with a higher risk of SAP. In clinical practice, TCBI has shown predictive value for SAP,
contributing to early intervention and treatment of SAP.
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Introduction

Stroke stands as a primary global cause of mortality and chronic disability, with clinical research indicating that the
majority of stroke-related fatalities are not directly due to the stroke itself, but rather its complications. Stroke-associated
pneumonia (SAP) constitutes a frequent complication among acute ischemic stroke (AIS) patients, with an incidence rate
ranging from 7% to 38%."* SAP detrimentally impacts patient neurological recovery, significantly alters prognosis, and
is a major mortality factor in stroke cases.’* Research has associated factors such as age, dysphagia, severity of stroke,
inflammatory response, and stroke-induced immunosuppressive syndrome with an increased risk of SAP.>® The early
detection of potential patients holds clinical significance for implementing surveillance and prevention measures.

However, relying on a single biomarker presents limited predictive capability regarding disease outcome. Several risk
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stratification scoring systems, including the Friedant pneumonia prediction score, A’DS* (Age, atrial fibrillation,
dysphagia, sex, and severity) score, Kwon pneumonia score, and Preventive Antibiotics in Stroke Study pneumonia
Rule, etc.,”” have been developed to forecast the incidence of SAP events. The A’DS? score, determined by factors
including age, dysphagia, gender, atrial fibrillation, and stroke severity, is the prevalent risk assessment tool in clinical
settings, corroborated across various external cohorts.'®'?

Studies have shown a correlation between nutritional status and stroke-related adverse outcomes and
complications.'*'* Patients exhibiting malnutrition at baseline exhibited a higher propensity for developing SAP."
Therefore, insights into malnutrition assessment could facilitate the early detection of AIS patients with a high risk of
SAP. TCBI (triglycerides, total cholesterol, and body weight index) is a new simple calculated nutritional index,'®
encompassing serum triglycerides (TG), total cholesterol (TC), and body weight (BW). Previous research has demon-
strated that TCBI serves as both a nutritional and prognostic marker in patients suffering from coronary artery disease,
acute decompensated heart failure, and hemodynamic instability within intensive care settings.'®'® In the Chinese
population with H-type hypertension, there exists a negative correlation between TCBI and stroke incidence.'® In patients
with AIS, TCBI has been found to be associated with adverse outcomes.>°

Currently, research on the connection between TCBI and SAP is still lacking. Therefore, this study hypothesizes that
a lower TCBI is associated with an increased incidence of SAP events in patients with AIS. If so, we will evaluate whether
TCBI is valuable in predicting SAP incidence and improving the predictive effectiveness of traditional A?’DS? model.

Materials and Methods
Study Design and Population

Patients with AIS who were admitted to the Department of Neurology at the Affiliated Huai’an Hospital of Xuzhou
Medical University between March 2021 and May 2022 were prospectively enrolled in the study. This study was
conducted in strict accordance with the ethical guidelines of the Declaration of Helsinki and was approved by the Ethics
Committee of Affiliated Huai’an Hospital of Xuzhou Medical University (Approval number: HEYLL202137). Written
informed consent was obtained from each participant.

The inclusion criteria were as follows: (1) Confirmed by computed tomography or magnetic resonance imaging to
meet the diagnostic criteria for AIS; (2) The time from onset to admission is less than 7 days; (3) Age > 18 years old.

The exclusion criteria were as follows: (1) Transient ischemic attack; (2) Active infection or prophylactic use of
antibiotics within 2 weeks prior to admission; (3) Combined with a history of central nervous system diseases, such as
brain trauma, cerebral hemorrhage or hydrocephalus; (4) The presence of swallowing dysfunction before stroke; (5)
Patients with severe liver and kidney dysfunction (Child-Pugh C or serum creatinine >177 umol/L); (6) Patients with
diseases of the blood system, cancer or receiving immunosuppressive therapy; (7) Clinical data are incomplete.

Data Collection

General data of stroke patients were collected, including demographic characteristics: gender, age, height and weight.
Previous medical histories include: hypertension, diabetes, coronary heart disease, atrial fibrillation, smoking, drinking
and a history of stroke. Stroke-related data: National Institutes of Health Stroke Scale (NIHSS) at admission and stroke
subtypes (based on TOAST classification). Treatment received during hospitalization: endovascular treatment, intrave-
nous thrombolysis therapy and drug use. Laboratory data include: hemoglobin, albumin, total cholesterol (TC),
triglycerides (TG), low-density lipoprotein cholesterol (LDL-C) and high-density lipoprotein cholesterol (HDL-C).
Swallowing function data collection: The swallowing function of patients was evaluated by modified water swallowing
test within 24 hours after admission. A’DS? scoring model score collection: This is a model for predicting clinical risk of
SAP based on factors such as age, dysphagia, male, atrial fibrillation, and stroke severity (NIHSS) on a scale of 0 to 10.

The A*DS? score has been validated in multiple external cohorts.'®'?
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Diagnosis of SAP

According to the revised standards of the Centers for Disease Control and Prevention, patients diagnosed with SAP are
those who experience lower respiratory tract infections within the first seven days following an acute stroke.*'

Assessment of TCBI

Fasting blood samples were taken within 24 hours after admission for TG, TC and other indicators. The formula includes
TG, TC and BW, TCBI = TG (mg/dL) x TC (mg/dL) x BW (kg)/1000.'®

Statistical Analysis
Data conforming to normal distribution were expressed as mean + standard deviation (SD), two independent sample #-test
was used for inter-group comparison, median and quartile [M (P25-P75)] description was used for non-normal distribu-
tion data, and non-parametric rank sum test (Mann—Whitney U-test) was used for inter-group comparison. Count data
were represented as frequency and percentage (n,%), with the Pearson Chi-square test applied for group comparisons. To
assess differences among multiple groups, we conducted either a one-way ANOVA or the Kruskal-Wallis test for
parametric and non-parametric data, respectively. Pairwise comparisons were performed on variables that differed
between groups, with P-values adjusted using the Bonferroni correction method. Due to the severely skewed distribution
of TCBI, Log transformation was used in part of the statistical analysis. According to the sample size of this study and
TCBI, the patients were divided into three groups on average (Tertile 1 < 948.33, Tertile 2948.33—-1647.15, Tertile 3 >
1647.15). A Binary Logistic regression model was used to examine the relationship between TCBI and SAP. Variables
with P less than 0.05 in univariate logistic regression analysis were included in multivariate regression analysis. Adjusted
variables included age, coronary heart disease, atrial fibrillation, TOAST classification, NIHSS at admission, dysphagia,
endovascular treatment, anticoagulant drug use, hemoglobin and albumin. Restricted cubic spline models were used to
provide and explore the shape of the association between TCBI and SAP, fitting a restricted cubic spline function with 4
knots (at the 5th, 35th, 65th, and 95th percentiles). The Receiver operating characteristic (ROC) curve was used to
estimate the optimal threshold for biomarkers to predict the occurrence of SAP in AIS patients. Area Under the Receiver
Operating Characteristic Curve (AUROC), sensitivity, specificity, positive prediction rate and negative prediction rate
were calculated. The optimal threshold was identified using the Youden index. The AUROC efficacy of TCBI was
compared with other biomarker values by Z-test.

SPSS 25.0 (IBM Corporation, IL, USA), MedCalc 20.0 (MedCalc Software LTD., Ostend, Belgium), R Programming
Language 4.3.2 (Vienna, Austria), and GraphPad Prism 9 (GraphPad Software, USA) were used for all study data analysis
and image processing. All P values were two-tailed, and statistical significance was defined by the P value < 0.05.

Results

Baseline Characteristics

This study screened 1075 AIS patients hospitalized within seven days of symptom onset for analysis. Exclusions were 21
patients with transient ischemic attacks, 42 with fever or active infections pre-admission, 25 with severe hepatic and renal
insufficiency, 9 with hematological diseases and tumors, and 16 with incomplete data. Ultimately, 962 patients were
enrolled, with 128 developing SAP, corresponding to an incidence rate of 13.3% (Figure 1). Of the total cohort, 369
(38.4%) were females. The median age was 68 (interquartile range, 59—77). The median TCBI was 1259.03 (interquartile
range, 812.18 to 1942.30).

As shown in Table 1, patients in the SAP group were older, had a lighter body weight, had higher NIHSS at
admission, had higher rates of coronary heart disease, atrial fibrillation, cardioembolism and dysphagia, and were more
likely to receive endovascular treatment and anticoagulant drug use. Compared with Non-SAP group, SAP group patients
had lower levels of hemoglobin, albumin, TC and TG, and higher A°DS? score. The TCBI in SAP group was
significantly lower than that in Non-SAP group (All P < 0.05). In this study, there were no significant differences
between the two groups in gender, height, hypertension, diabetes, smoking, drinking, history of stroke, intravenous
thrombolysis, antiplatelet drug use, lipid-lowering drug use, LDL-C and HDL-C (All P > 0.05) (Table 1).
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Patients met the inclusion
criteria (n=1075)

Excluded:

1. Transient ischemic attack (n=21)

2. Active infection within 2 weeks before admission (n=42)

3. Severe hepatic or renal insufficiency (n=25)

4. Have blood disorders, tumors, or receive immunosuppressive
therapy (n=9)

5. Incomplete data (n=16)

A

A\ 4

Eligible (n=962)

\4 A\ 4

Non-SAP (n=834) SAP (n=128)

Figure | Patient flowchart.
Abbreviations: SAP, Stroke-associated pneumonia.

Association between TCBI and stroke-Associated Pneumonia

According to the quantile of TCBI, all patients were divided into three groups: Tertile 1 < 948.33, Tertile 2948.33—-1647.15,
and Tertile 3 > 1647.15. In the different TCBI level groups, there was a significant difference in the proportion of SAP
(P <0.001) (Table 2). In addition, Table 2 shows significant differences in age, height, body weight, hypertension, coronary
heart disease, atrial fibrillation, TOAST classification, NIHSS at admission, endovascular treatment, intravenous thrombolysis,
antiplatelet drug use, anticoagulant drug use, hemoglobin, albumin, TC, TG, LDL-C, HDL-C, and A’DS? score among the
three groups (All P < 0.05) (Table 2).

Table 1 Comparison of Baseline Data Between SAP Group and Non-SAP Group

Variables All Patients Non-SAP SAP P value
n =962 n =834 n =128
Demographic information
Female, n (%) 369 (384) 316 (37.9) 53 (41.4) 0.446
Age (years), median (IQR) 68 (59-77) 67 (58-76) 73 (64-81) <0.001
Height (m), mean * SD 1.65+0.08 1.65+0.08 1.65+0.07 0.488
Body weight (kg), mean * SD 68.08+11.22 68.73+11.18 63.88+10.61 <0.001
Hypertension, n (%) 795 (82.6) 691 (82.9) 104 (81.3) 0.656
Diabetes, n (%) 331 (344) 285 (34.2) 46 (35.9) 0.696
Coronary heart disease, n (%) 144 (15.0) 117 (14.0) 27 (21.1) 0.037
Atrial fibrillation, n (%) 99 (10.3) 70 (8.4) 29 (22.7) <0.001
Smoking, n (%) 233 (24.2) 199 (23.9) 34 (26.6) 0.507
Drinking, n (%) 177 (18.4) 157 (18.8) 20 (15.6) 0.384
History of stroke, n (%) 178 (18.5) 148 (17.7) 30 (234) 0.123
(Continued)
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Table | (Continued).

Variables All Patients Non-SAP SAP P value
n =962 n =834 n=128

Clinical features

TOAST classification, n (%) <0.001

LAA 636 (66.1) 545 (65.3) 91 (71.1)

CE 100 (10.4) 74 (8.9) 26 (20.3)

SAO 226 (23.5) 215 (25.8) 11 (8.6)

NIHSS at admission (score), median (IQR) 2 (1-5) 2 (1-4) 9 (3-17) <0.001

Dysphagia, n (%) 135 (14.0) 87 (10.4) 48 (37.5) <0.001

Treatment, n (%)

Endovascular treatment 55 (5.7) 24 (2.9) 31 (24.2) <0.001

Intravenous thrombolysis 127 (13.2) 105 (12.6) 22 (17.2) 0.153

Antiplatelet drug use 884 (91.9) 771 (92.4) 113 (88.3) 0.108

Anticoagulant drug use 116 (12.1) 91 (10.9) 25 (19.5) 0.005

Lipid-lowering drug use 946 (98.3) 821 (98.4) 125 (97.7) 0518

Laboratory data

Hemoglobin (g/L), median (IQR) 141 (129-153) 142 (130-153) 137 (122-148) 0.002

Albumin (g/L), mean + SD 39.55+4.28 39.78+4.19 38.07+4.60 <0.001

TC (mmol/L), median (IQR) 4.36 (3.61-5.02) 4.40 (3.67-5.06) 4.10 (3.314.69) <0.001

TG (mmol/L), median (IQR) 1.25 (0.94-1.78) 1.31 (0.95-1.84) 1.08 (0.82-1.37) <0.001

LDL-C (mmol/L), mean * SD 2.66+0.89 2.68+0.87 2.53%1.04 0.076

HDL-C (mmol/L), median (IQR) 1.12 (1.02-1.32) 1.12 (1.02-1.32) 1.13 (1.02-1.36) 0.761

TCBI, median (IQR) 1259.03 (812.18-1942.30) | 1322.76 (859.93-2046.42) | 898.54 (606.86—1396.16) | <0.001

ADS? (score), median (IQR) I (1-3) I (1-2) 5 (3-7) <0.001

Abbreviations: SD, standard deviation; IQR, interquartile range; SAP, Stroke-associated pneumonia; LAA, Large artery atherosclerosis; CE, Cardioembolism; SAO,
Small-artery occlusion; NIHSS, National Institutes of Health Stroke Scale; TC, Total cholesterol; TG, Triglycerides; LDL-C, Low-density lipoprotein cholesterol; HDL-
C, High-density lipoprotein cholesterol; TCBI, Triglycerides, total cholesterol, and body weight index.

Table 2 Baseline Characteristics of Patients According to TCBI Tertiles

Variables TCBI Tertiles P value
T1 (<948.33) T2 (948.33-1647.15) | T3 (>1647.15)
n=320 n=321 n=321

Demographic information
Female, n (%) 134 (41.9) 124 (38.6) 111 (34.6) 0.163
Age (years), median (IQR) 73 (64-81) 66 (59-76) 64 (55-72) <0.001
Height (m), mean * SD 1.64+0.08 1.65+0.08 1.6610.07 <0.001
Body weight (kg), mean + SD 63.50+9.72 68.73+11.02 72.01£11.21 <0.001
Hypertension, n (%) 251 (78.4) 267 (83.2) 277 (86.3) 0.030
Diabetes, n (%) 99 (30.9) 108 (33.6) 124 (38.6) 0.115
Coronary heart disease, n (%) 68 (21.3) 51 (15.9) 25 (7.8) <0.001
Atrial fibrillation, n (%) 59 (18.4) 25 (7.8) 15 (4.7) <0.001
Smoking, n (%) 69 (21.6) 84 (26.2) 80 (24.9) 0.371
Drinking, n (%) 49 (15.3) 65 (20.2) 63 (19.6) 0.214
History of stroke, n (%) 67 (20.9) 54 (16.8) 57 (17.8) 0.372
Clinical features
TOAST classification, n (%) <0.001
LAA 201 (62.8) 206 (64.2) 229 (71.3)

(Continued)

Clinical Interventions in Aging 2024:19

https:
Dove:

1095


https://www.dovepress.com
https://www.dovepress.com

Liu et al

Dove

Table 2 (Continued).

Variables TCBI Tertiles P value

TI (<948.33) | T2 (948.33-1647.15) | T3 (>1647.15)

n=320 n=321 n=321

CE 56 (17.5) 24 (7.5) 20 (6.2)
SAO 63 (19.7) 91 (28.3) 72 (224)
NIHSS at admission (score), median (IQR) 3 (1-7) 2 (14 2 (14 0.001
Dysphagia, n (%) 49 (15.3) 41 (12.8) 45 (14.0) 0.651
Treatment, n (%)
Endovascular treatment 24 (7.5) 23 (7.2) 8 (2.5) 0.009
Intravenous thrombolysis 49 (15.3) 28 (8.7) 50 (15.6) 0.015
Antiplatelet drug use 275 (85.9) 302 (94.1) 307 (95.6) <0.001
Anticoagulant drug use 61 (19.1) 32 (10.0) 23 (7.2) <0.001
Lipid-lowering drug use 316 (98.8) 314 (97.8) 316 (98.4) 0.644
Laboratory data
Hemoglobin (g/L), median (IQR) 135 (121-147) 142 (129.5-155) 145 (135-156) <0.001
Albumin (g/L), mean + SD 38.70+4.46 39.81+4.16 40.14+4.09 <0.001
TC (mmol/L), median (IQR) 3.60 (3.04-4.20) 4.36 (3.73-4.97) 5.00 (4.49-5.67) <0.001
TG (mmol/L), median (IQR) 0.84 (0.71-1.02) 1.24 (1.10-1.50) 2.04 (1.68-2.86) <0.001
LDL-C (mmol/L), mean + SD 2.20 (1.62-2.64) 2.70 (2.20-3.19) 3.02 (2.63-3.64) <0.001
HDL-C (mmol/L), median (IQR) 1.16 (1.05-1.38) 1.14 (1.02-1.35) 1.07 (0.99-1.22) <0.001
A’DS? (score), median (IQR) 2 (14) I (1-3) 1 (1-3) <0.001
SAP, n (%) 69 (21.6) 39 (12.1) 20 (6.2) <0.001

Abbreviations: SD, standard deviation; IQR, interquartile range; TCBI, Triglycerides, total cholesterol, and body weight index; LAA, Large artery
atherosclerosis; CE, Cardioembolism; SAO, Small-artery occlusion; NIHSS, National Institutes of Health Stroke Scale; TC, Total cholesterol; TG,
Triglycerides; LDL-C, Low-density lipoprotein cholesterol; HDL-C, High-density lipoprotein cholesterol; SAP, Stroke-associated pneumonia.

As indicated in the forest plot in Figure 2, with the highest tertile serving as the reference after adjusting for the
confounders such as age, coronary heart disease, atrial fibrillation, TOAST classification, NIHSS at admission, dyspha-
gia, endovascular treatment, anticoagulant drug use, hemoglobin and albumin, the lowest tertile of TCBI (<948.33) was
substantially related to a greater risk of SAP (odds ratio [OR] = 2.962, 95% confidence interval [CI]: 1.600-5.485, P =
0.001), while the middle tertile of TCBI was not significantly associated with the prevalence of SAP (OR = 1.858, 95%
CI = 0.970-3.559, P = 0.062). When taken as a continuous variable, TCBI was still related to SAP in the logistic
regression analysis, with the confounders being controlled (unadjusted: OR = 0.127, 95% CI = 0.062—0.260, P < 0.001;
adjusted: OR = 0.223, 95% CI = 0.094-0.528, P = 0.001). Figure 2 also showed that age, NIHSS at admission,
dysphagia, endovascular treatment, and albumin were also independent predictors of SAP (All P < 0.05) (Figure 2).
In addition, the RCS curve revealed a linear relationship between TCBI and SAP, after adjusting for confounding
variables (P for nonlinear = 0.490, P for overall = 0.004) (Figure 3).

Predictive Value of TCBI for Stroke-Associated Pneumonia

Results from the ROC analysis indicated that the optimal cutoff value of TCBI for predicting SAP was 1112.37, with an
AUROC of 0.664 (95% CI = 0.633-0.694). The sensitivity and specificity were 65.62% and 60.91%, respectively. The
positive predictive rate and the negative predictive rate were 20.49% and 92.03%, respectively. Compared to other
biomarkers, TCBI demonstrated superior predictive capabilities for SAP over TC (AUROC = 0.599, 95% CI = 0.568—
0.630; TCBI vs.TC, P = 0.002) and TG (AUROC = 0.628, 95% CI = 0.597-0.659; TCBI vs. TG, P = 0.003). However,
there was no significant difference when compared with BW (AUROC = 0.623, 95% CI = 0.591-0.654; TCBI vs. BW,
P =0.206) (Table 3 and Figure 4).
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Variables P value OR 95%LClI 95% UCI
Age 0.013 1.027 1.006 1.050 [ ]
Coronary heart disease 0.088 0.559 0.286 1.090 ro—i
Atrial fibrillation 0.379 1.690 0.525 5.435 °
TOAST classification
LAA Reference ]
CE 0.225 0.496 0.160 1.539 Ho——
SAO 0.178 0.619 0.308 1.244 o
NIHSS at admission <0.001 1.154 1.106 1.204 U
Dysphagia <0.001 2,687 1.567 4.608 i
Endovascular treatment 0.039 2.283 1.043 5.001 *® 1
Anticoagulant drug use 0.952 0.978 0.477 2.005 —o—
Hemoglobin 0.647 1.003 0.991 1.015 ]
Albumin <0.001 0.905 0.858 0.955 L
TCBI Tertiles
T3 (>1647.15) Reference °
T2 (948.33-1647.15) 0.062 1.858 0.970 3.559 —eo—
T1(<948.33) 0.001 2.962 1.600 5.485 b . {
I 1 1 1 1 1
0 1 2 3 4 5 6
Odds ratio

Figure 2 Forest plot of odds ratios for SAP.
Abbreviations: LAA, Large artery atherosclerosis; CE, Cardioembolism; SAO, Small-artery occlusion; NIHSS, National Institutes of Health Stroke Scale; TCBI,
Triglycerides, total cholesterol, and body weight index.

The AUROC of A’DS? model was 0.819 (95% CI = 0.794-0.843). The modified A’DS? model combining A*DS?
model with TCBI has an AUROC of 0.838 (95% CI = 0.813-0.860). The difference in prediction efficiency between the
modified A’DS? model and the original A2DS? model was statistically significant (P = 0.004) (Table 3 and Figure 4).

Discussion

To our knowledge, this study is the first to investigate the relationship between TCBI and SAP. Following adjustment for
potential confounders, results indicated that lower baseline TCBI levels were associated with an increased risk of SAP
occurrence. There was a linear dose—response relationship between TCBI and SAP. Additionally, our results again confirmed
the predictive efficacy of the A”DS? model for SAP. Moreover, incorporating TCBI with the conventional A?DS* model
significantly enhanced its accuracy, suggesting TCBI’s potential as a valuable biomarker for SAP in clinical settings.

Prior research indicates a high prevalence of malnutrition among stroke patients. Individuals with AIS presenting
normal nutritional levels can still exhibit malnutrition due to factors such as advanced age, dysphagia, immunosuppres-
sion, cognitive impairments, and restricted mobility. Additionally, acute-phase malnutrition is believed to correlate with
a diminished functional prognosis and an elevated mortality rate from all causes.”> New evidence shows that initiating
enteral nutrition early and integrating probiotic therapy enhances nutritional status, diminishes systemic inflammation,
bolsters immune function, and decreases the incidence of infectious complications among stroke patients.”® Hence,
assessing nutritional status suitably is crucial for effective risk stratification and treatment planning. Several nutritional
assessment instruments, such as the Nutritional Risk Screening 2002 and the Malnutrition Universal Screening Tool,
have been employed to identify malnutrition in AIS patients.”* These indicators consist of subjective parameters, for
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P for overall = 0.004
P for nonlinear = 0.490

Odds ratio (95% CI)

=]

Log TCBI

Figure 3 Association of TCBI with risk of stroke-associated pneumonia. Odds ratios and 95% confidence intervals derived from restricted cubic spline regression, with
knots placed at the 5th, 35th, 65th, and 95th percentiles of the distribution of Log TCBI. The reference point is the median of Log TCBI. Odds ratios were adjusted for the
same variables as model in. Figure 2.

instance, recent weight changes, which are arbitrary. In addition, certain AIS patients manifesting symptoms like
decreased consciousness and aphasia are unable to participate in scale assessments, rendering these instruments
unsuitable for universal application in the AIS population. Consequently, there is a necessity for more objective and
broadly applicable methodologies to evaluate patients’ nutritional status.

The TCBI is a novel and simple nutritional tool that reflects the intrinsic metabolism of fat, cholesterol, carbohy-
drates, and sugars, primarily by simple multiplication of body weight and variables that reflect lipid metabolism.'” The
TCBI was initially developed to evaluate the nutritional status of individuals afflicted with atherosclerotic cardiovascular
disease. It has been observed that populations suffering from coronary artery disease with lower TCBI scores experience
increased rates of all-cause mortality, cardiovascular mortality, and cancer mortality.'® Recent studies indicate that TCBI
could serve as a significant prognostic nutrition-related marker in critically ill cardiac patients needing mechanical
circulatory support, experiencing acute decompensated heart failure, suffering from acute myocardial infarction, or

undergoing transcatheter aortic valve replacement.'”-'®23-2¢

Table 3 Comparison of Predictive Power of TCBI Vs Other Indicators in the Prediction of SAP

Variables AUROC Cutoff Youden Sensibility | Specificity Positive Negative P value
(95% CI) Value Index (%) (%) Prediction Prediction
Rate (%) Rate (%)
TCBI 0.664 (0.633-0.694) 111237 0.2654 65.62 60.91 20.49 92.03 Reference
BW 0.623 (0.591-0.654) 65.30 0.1964 64.84 54.80 18.04 91.04 0.206
TC 0.599 (0.568-0.630) 4.42 0.1767 68.75 48.92 17.05 89.85 0.002
TG 0.628 (0.597-0.659) 1.37 0.2321 76.56 46.64 18.05 92.84 0.003
A?DS? 0.819 (0.794-0.843) 2 0.5108 75.78 75.30 3201 95.30 <0.001
A’DS?+TCBI 0.838 (0.813-0.860) 0.1418 0.5485 7344 81.41 37.75 95.23 <0.001

Abbreviations: SAP, stroke-associated pneumonia; AUROC, Area Under the Receiver Operating Characteristic Curve; TCBI, Triglycerides, total cholesterol, and body
weight index; BW, Body weight; TC, Total cholesterol; TG, Triglyceride.
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Figure 4 Comparison of AUROC of TCBI with other biomarkers for predicting SAP.
Abbreviations: BW, Body weight; TC, Total cholesterol; TG, Triglycerides; TCBI, Triglycerides, cholesterol, body weight index; SAP, Stroke-associated pneumonia.

In a Chinese cohort with H-type hypertension, a higher stroke incidence was observed among individuals with low TCBI
levels. Multivariable-adjusted analyses indicated a negative association between TCBI and stroke prevalence.'® This may be
attributed to the fact that malnutrition can induce inflammation and oxidative stress.”’** An investigation involving 9708
participants indicates that TCBI levels correlate with both short-term and long-term functional disability, as well as all-cause
mortality, following a stroke.”® Despite the growing interest, research on the association between TCBI and stroke remains sparse.
Consequently, we initiated a prospective study to assess the relationship between TCBI and SAP. The findings supported our
preliminary hypothesis: patients exhibiting lower TCBI levels exhibited a higher propensity for developing SAP, a relationship
that persisted as significant even after adjusting for potential confounders. Numerous investigations have demonstrated
a correlation between early malnutrition and an elevated risk of SAP. For the prompt identification of patients at high risk,
objective nutritional assessment tools, including the Geriatric Nutrition Risk Index (GNRI), the Controlling Nutritional Status
(CONUT), and the Prognostic Nutritional Index (PNI), are recommended.'>° However, these three scoring indicators are not
widely used in clinical practice due to the complexity of calculation methods and parameters. The advantages of TCBI are easy to
obtain, simple to calculate, objective and unrestricted in AIS population. Furthermore, TCBI showed significant predictive value
for SAP. Our findings support the use of TCBI as a simple nutritional marker for the surveillance of SAP occurrences.

The underlying mechanism between lower TCBI and increased SAP risk is not fully understood. Weight loss is regarded as
a risk factor for SAP. Body weight and body mass index (BMI) commonly quantify muscle and fat mass, and high BMI
(overweight or obese) has been well-acknowledged as a risk factor for AIS.?° Nevertheless, research has demonstrated a linear

3132 3 phenomenon termed the “obesity

correlation between elevated BMI and improved survival rates in AIS patients,
paradox”. Therefore, relying solely on body weight or BMI to forecast adverse stroke outcomes is contentious. Circulating
lipid levels are indicators of nutritional status and inflammation, TG and TC can reflect the nutritional status of patients to
a certain extent.”>>* Prior research indicates an association between dual X-ray absorptiometry (the gold standard for
assessing nutritional status) and GNRL>**2® Furthermore, multiple evidence suggests a moderately positive correlation
between TCBI and GNRI,'®'® indicating that TCBI may serve as an indirect marker of nutritional status. Hence, interpreting
the relationship between TCBI and SAP incidence through the lens of malnutrition is justifiable. The association between
malnutrition and immune function is well-documented. Malnutrition may lead to reduced lymphocyte production, thereby

37,38

impairing immune function, and immune dysfunction significantly contributes to the pathology of SAP events.

Malnutrition may also contribute to both the development and worsening of SAP by inducing inflammation and oxidative
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stress.”’?® Additionally, based on the correlation between inflammatory indicators and nutritional scores, malnutrition is
thought to reflect a high inflammatory and metabolic state of the body, which also contributes to the development of SAP.">

However, our study has several limitations. Firstly, considering the results from a single-center cohort, a larger sample
size from prospective registries across multiple regions and countries is necessary to generalize the findings. Secondly,
TCBI was only measured at admission, preventing the assessment of its dynamic changes and their correlation with SAP
throughout the hospitalization period. Thirdly, the study did not include an evaluation of other nutritional indices like
CONUT, GNRI, or PNI, nor did it explore the comparative relevance and applicability of TCBI against these tools.
Lastly, the absence of data on functional outcomes and mortality precluded analysis of the relationship between TCBI,
SAP, and stroke outcomes, which needs to be clarified in further studies.

Conclusion

In Conclusion, our study demonstrates that low TCBI was associated with a higher risk of SAP. T1 layer (TCBI <
948.33) had the highest risk for SAP prevalence. Moreover, integrating TCBI into traditional A’DS? model significantly
improves its predictive performance. TCBI measured for the first time after admission can be used for early identification
of patients at high risk of SAP. Timely attention and effective intervention may improve the prognosis of patients.
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