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Objectives: We aimed to explore the association between the baseline hypersensitive
C-reactive protein-albumin ratio (CAR) and stroke-associated pneumonia (SAP) dur-
ing hospitalization and the short-term prognosis in patients with acute ischemic stroke
(AIS).

Methods: We enrolled 766 patients with AIS and collected their admission baseline
characteristics, including their National Institutes of Health Stroke Scale score, CAR,
age, atrial fibrillation, dysphagia, sex, stroke severity (A2DS?) score, and other infor-
mation. The occurrence of SAP within 7 days after stroke, length of hospital stay, and
physical condition at discharge were also recorded. The patients’ Modified Rankin
Scale (mRS) scores and mortality 3 months after AlS were further evaluated at follow-
up. All patients were divided into four groups based on the quartiles of the admission
CAR(Q1<1.3,Q21.3-3.7,Q33.7-9.3,Q4 >9.3).

Results: During hospitalization, 92 (11.9%) patients were diagnosed with SAP. The
patients with SAP had a higher CAR than the non-SAP patients (p < .001). In the
multivariate-adjusted model, the patients in the Q3 and Q4 groups had a higher SAP
risk (aOR was 5.21 and 17.72, p-trend < .001) than those in the lowest quartile. The
area under the curve for the CAR’s ability to predict SAP was 0.810 in the receiver
operating characteristic curve analysis and had a similar predictive efficacy as the
A?DS? score (p <.05). The length of stay in the SAP group was almost the same as that
in the non-SAP group, but the clinical outcomes were worse at discharge and at the
3-month follow-up in the SAP group. In addition, the patients in the higher CAR
quartiles at admission were more likely to have poorer clinical outcomes.
Conclusions: Patients with AlS with a high CAR at admission are more likely to develop

SAP during hospitalization and have poor short-term clinical outcomes. These findings
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1 | INTRODUCTION

Stroke is the leading cause of acquired long-term disability in adults
and the second leading cause of death worldwide, resulting in a high
social and family burden (Katan & Luft, 2018). In China, a prospective
nationwide hospital-based cohort study showed that the in-hospital
death rate was 1.9% (95% confidence interval [CI]: 1.7%—2.0%) for
stroke inpatients, and the 12-month fatality rate was 8.6% (95% Cl:
8.3%—8.9%) for discharged stroke patients. The 12-month disability
rate was 16.6% (95% Cl: 16.2%—17.0%) for stroke survivors, and the
stroke recurrence rate was 5.7% (5.5%—6.0%) for stroke survivors (Tu
et al., 2021). Stroke-associated pneumonia (SAP) is a major risk factor
for poor clinical outcomes and high mortality after stroke (Patel et al.,
2020). Approximately 7%-38% of stroke patients in hospitals suffer
from SAP, with the highest incidence occurring between 2 and 7 days
(Nam et al., 2018). It causes prolonged hospitalization, delayed recov-
ery, difficulty in executing rehabilitative procedures, poorer functional
outcomes, higher mortality rates, and increased financial and care bur-
dens on patients’ families (Hannawi et al., 2013; Katzan et al., 2007).
In clinical practice, the diagnosis of SAP is often delayed for various
reasons, which may lead to delayed or inappropriate antibiotic therapy
(Esayagetal., 2010). Several studies have shown that there is no benefit
in the preventive use of antibiotics (Kalra et al., 2015). Therefore, early
risk assessment, SAP recognition, and anti-infection treatment are rec-
ommended by the current guidelines to improve clinical outcomes
(Smith et al., 2015).

To date, various SAP risk factors, such as sex, age, stroke severity,
dysphagia, ventilator use, atrial fibrillation (AF), and diabetes mellitus,
have been reported (Hannawi et al., 2013; Hotter et al., 2021; Patel
et al,, 2020). Several clinical prediction models, such as the age, atrial
fibrillation, dysphagia, sex, stroke severity (A2DS? (Tu et al., 2021))
score, Preventive ANtibacterial THERapy in acute Ischemic Stroke
(PANTHERIS) score, and acute ischemic stroke-associated pneumonia
score (AIS-APS) score, have been developed for early SAP prediction
(Hotter et al., 2021). Among them, the A2DS? score is commonly used
in clinical practice because it is simple and effective (Helmy et al., 2016).
Most SAP prediction models are based on clinical manifestations, with
many scoring items, and some patients have atypical clinical mani-
festations, which influence the accuracy of the scoring methods and
complicate SAP prediction. Therefore, a more facile and accurate SAP
predictor is needed.

Previous studies have shown that the inflammatory response pro-
motes SAP development (Hoffmann et al., 2017). In these studies,

inflammatory biomarkers, such as the neutrophil-to-lymphocyte ratio
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might help to timely identify patients at high risk of SAP and provide a basis for further

research on prophylactic antibiotic therapy.

A2DS? score, acute ischemic stroke, hypersensitive C-reactive protein-albumin ratio, stroke-

(NLR) and monocyte-to-lymphocyte ratio (MLR), were explored to
predict SAP (Cheng et al., 2020; Nam et al., 2018). C-reactive pro-
tein (CRP), interleukin-6 (IL-6), and procalcitonin (PCT) have also
been shown to be associated with SAP and can be used as predic-
tors of SAP (Kwan et al., 2013; Xie et al., 2015). The hypersensitive
C-reactive protein-albumin ratio (CAR) is calculated from hypersensi-
tive C-reactive protein (Hs-CRP), and albumin (ALB) has been reported
as a new and sensitive marker and is associated with poor outcomes in
patients with tumors or cancer, critically ill patients, and patients with
various brain diseases, such as spontaneous intracerebral hemorrhage
(Bender et al., 2020; Park et al., 2018).

Our study aimed to investigate the relationship between the base-
line CAR and SAP during hospitalization and short-term prognosis in
patients with AlS.

2 | MATERIALS AND METHODS

2.1 | Patients

We enrolled all patients with AIS who completed CRP and ALB tests
on the day or within 24 ho after admission and who were treated in
the emergency ward and neurology ward of the Zhangjiagang TCM
Hospital affiliated to Nanjing University of Chinese Medicine from
April 2012 to January 2016. All patients included in the study had
stable vital signs on admission and no serious dysfunction of other
organs (n = 983). Patients with AIS with unstable vital signs were not
included in this study because they were admitted to the intensive care
unit (ICU). AIS was diagnosed by doctors based on the patient’s his-
tory, clinical features, and findings on computed tomography (CT) or
magnetic resonance imaging (MRI) of the brain according to the cri-
teria defined by the World Health Organization. Patients with acute
ischemic stroke who were admitted within 72 h of the onset of symp-
toms were then selected for the research (n = 881). As the CAR is
significantly affected by severe systemic inflammation, the additional
exclusion criteria were as follows: (1) pneumonia before stroke (n =
12); (2) active infection within 2 weeks of admission or prophylactic
antibacterial therapy (n = 13); (3) dysphagia before stroke (n = 9);
(4) severe hepatic or renal diseases (n = 17); (5) hematological dis-
ease or cancer (n = 16); (6) received immunosuppressant treatment
(n = 3); (7) major trauma or surgery (n = 5); (8) gastrointestinal bleed-
ing present (n = 3); and (9) incomplete patient medical record (n =
22). Finally, 15 of the participants were lost to follow-up at 3 months.
Finally, we enrolled 766 patients with AIS in this study; 92 of them
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AIS patients from 4/2012 to
1/2016 (n=983)
Admission to hospital > 72h (n=102)
AIS patlents admltted Wlthln 72h Patients were excluded (n:‘]OO)
(n=881) 1. Pneumonia before stroke (n=12)
antibacterial therapy (n=13)
3. Dysphagia before stroke (n=9)
4. Severe hepatic or renal diseases (n=17)
: ' . 5. Hematological disease or cancer (n=16)
AlS pat|ents involved in a 3- 6. Received immunosuppressant treatment (n=3)
e = 7. Major trauma or surgery (n=5)
month follow tlE (n 781) 8. Gastrointestinal bleeding present (n=3)
9. Incomplete patient medical record (n=22)
{ Loss of follow up at 3-month (n=15)
AlS patients were flnglly included SAP patients (n=92)
for analysis (n=766) Died within 3-month follow-up (n=105)
FIGURE 1 Research flowchart

were diagnosed with SAP during hospitalization, and 105 died within
3 months of follow-up, including six patients who died at the time of
discharge (Figure 1).

2.2 | Statement of ethics

We obtained approval from the Ethics Committee of the Zhangjiagang
TCM Hospital Affiliated to Nanjing University of Chinese Medicine in
China (No. 2020-77-1). Since our study was a retrospective data anal-
ysis and we obtained all the data from the clinical records without any
clinical intervention, we did not obtain informed written consent from
the patients.

2.3 | Data collection

We collected the baseline information, including the patients’ demo-
graphics, such as sex and age. Known risk factors for cerebrovascular
disease, such as history of stroke, hypertension, diabetes, atrial
fibrillation, coronary heart disease, and smoking or alcohol con-
sumption, were collected. The clinical data that were collected
included the stroke subtype (TOAST classification), stroke severity
(National Institutes of Health Stroke Scale, NIHSS), functional states
(Modified Rankin Scale score, mRS) and AZDS? score at admission.
The thrombolytic therapy, medication use, imaging data, and other
diagnosis-related information were also recorded. The laboratory data
of all participants were obtained after collecting venous blood when
the patients were in the emergency department or in the ward, and
the blood samples were collected within 24 h after hospital admission.
The laboratory staff used the XE-5000 (Mindray, China) to perform
routine blood tests. The Hs-CRP concentrations were detected using
5180CRP (Mindray). ALB and other biochemical indicators were

2. Active infection within 2 weeks of admission or prophylactic

tested by using an Olympus AU5400 automatic biochemical analyzer
(First Chemical Co., Ltd., Japan).

2.4 | Study outcomes

The primary outcome of our study was SAP. During hospitalization,
patients who presented with symptoms or signs of a respiratory infec-
tion received routine blood tests and a chest CT scan to determine
whether they had pneumonia. Doctors from the neurology and radiol-
ogy department worked together to make the diagnosis of SAP, which
was mainly based on the 2015 diagnostic criteria from the PISCES
group (Smith et al., 2015). We also collected the total hospitalization
days, NIHSS score, and mRS score at discharge, mRS score 3 months
after discharge and 3-month all-cause mortality for all patients. Finally,
we followed up with the patients themselves and their family mem-
bers 3 months after discharge using telephone follow-up to obtain their
functional recovery (mRS score) and to determine whether they had
died.

2.5 | Statistical analysis
As mentioned above, we divided the patients into SAP and non-SAP
groups according to whether SAP occurred during their stay in the hos-
pital. Patients were also divided into four groups based on the quartiles
of admission CAR level (Q1 <1.3, Q2 1.3-3.7, Q3 3.7-9.3, Q4 >9.3).
Finally, according to the results of the 3-month follow-up, they were
divided into poor clinical outcomes (mRS 3-6) and good clinical out-
comes (MRS 0-2), and they were also divided into two groups: those
who died (mRS = 6) or those who did not die within 3 months (mRS
0-5).

We used SPSS (version 23.0; IBM, Armonk, NY, USA), Med-
Calc (version 13.0; MedCalc Software Ltd., Ostend, Belgium), and
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GraphPad Prism (version 8.0; GraphPad Software Inc., San Diego,

CA, USA) to perform statistical analysis. Statistical significance was
assumed when two-tailed p-values < .05. We used the Kolmogorov-
Smirnov test to test whether the distribution of quantitative data was
normal because the sample size was over 200. The mean + standard
deviation was used to express the normally distributed data, and Stu-
dent’s t test was performed to compare the intergroup differences
that were statistically significant. The median (M) and first quartiles
(Qgs) and third quartiles (Q75) were used to express non-normally dis-
tributed data, and the Mann-Whitney U test was used to compare
the intergroup differences. Qualitative data are presented as percent-
ages or ratios (%), and categorical variables were compared by the
2 test and Fisher’s exact test for intergroup differences. Associations
between the CAR quartiles and risk of SAP, 3-month poor outcomes,
and 3-month all-cause mortality were all performed by univariate and
multivariate logistic regression analyses. In the multivariate logistic
regression model, variables with p < .05 in the univariate analysis were
adjusted to explore the independent effect of CAR on SAP. Taking
the lowest quartile of CAR (Q1) as a reference, the odds ratios (ORs)
and 95% Cls were calculated for each group. We used receiver oper-
ating characteristic (ROC) curves to evaluate the predictive value of
the CAR and other biomarkers for SAP. A Z-test was used to com-

pare the areas under the ROC curves of the CAR and other biomarker

values.
3 | RESULTS
3.1 | Comparison of the baseline data between the

SAP and non-SAP groups

The baseline demographic characteristics, medical history, and clini-
cal and laboratory data are shown in Table 1. The SAP patients were
older, had a longer waiting time at home after onset, had higher NIHSS
scores on admission, and had a higher thrombolytic therapy rate. Addi-
tionally, the two groups had different AIS types. Patients with large
artery atherosclerosis and cardioembolism were more common in the
SAP group. The patients in the non-SAP group were more likely to
have arteriolar occlusion. The SAP patients had a higher dysphagia
rate and increased nasogastric tube use than the non-SAP patients.
SAP patients were more likely to have AF and less likely to smoke or
consume alcohol. Moreover, the A2DS? score was higher in the SAP
patients due to age, AF, dysphagia, sex, and stroke severity (NIHSS
score). We did not observe statistically significant differences in sex,
baseline blood pressure at admission, previous stroke history, diabetes
history, or coronary heart disease history between the two groups
(p>.05).

However, the white blood cell (WBC) count, neutrophil count,
and Hs-CRP level were significantly higher in the SAP group than
in the non-SAP group (Table 1). In addition, the lymphocyte count,
hemoglobin concentration, and ALB were significantly lower in the SAP
group than in the non-SAP group. The CAR value was also significantly
higher in the SAP group than in the non-SAP group. The other hemato-
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FIGURE 2 Percentage of different C-reactive protein-albumin
ratio (CAR) quartile in patients with stroke-associated pneumonia
(SAP) and non-SAP (p <.001)

logical indices were not significantly different between the two groups
(p>.05).

3.2 | Relationship between CAR and SAP risk

The CAR level was significantly higher in the SAP group than in the
non-SAP group (13.6 [7.2-25.1] vs. 2.9 [1.2-7.6], P < .001) (Table 1).
The patients were divided into four groups based on the quartiles
of admission CAR level (Q1 <1.3, Q2 1.3-3.7, Q3 3.7-9.3, Q4 >9.3)
for statistical analysis (the detailed grouping information is shown in
Figure 2). Only 2.2% of the SAP patients were in Q1, and over 50% were
inQ4 (2.2 vs. 12.0vs. 20.7 and 65.1%, respectively; p <.001). However,
the non-SAP group had a different data distribution. The Q1 group had
the highest proportion of non-SAP patients (28.2 vs. 26.7 vs. 25.7 and
19.4%, respectively; p <.001).

The results from comparing the baseline data showed that over 10
risk factors had p < .05. However, the sample size was only 92 SAP sam-
ples. As the A2DS? score contains age, AF, dysphagia, sex, and NIHSS
score, we used the A2DS? score for multivariate analysis. Similarly, Hs-
CRP and ALB were not included in the multivariate analysis since the
CAR is the ratio of Hs-CRP to ALB. The study aimed to investigate the
association between the CAR and SAP development during hospital-
ization. Finally, in addition to the CAR quartiles, the A2DS? score, first
symptom to admission time, thrombolytic therapy, use of nasogastric
tube, smoking history, drinking history, WBC count, neutrophil count,
lymphocyte count, and hemoglobin concentration were used in the
multivariate logistic regression analysis. There was no multicollinearity
between the 11 risk factors.
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TABLE 1 Comparison of the baseline data between the stroke-associated pneumonia (SAP) and non-SAP groups

Total non-SAP SAP
(n=776) (n=674) (n=92) Z/x? p

Demographic
characteristics

Age (years), median 71(62-78) 69 (60-77) 79 (73-83) —7.568 <.001
(Q5-Q75)

Sex (male), n (%) 411(53.7%) 369 (54.7%) 42 (45.7%) 2.693 118

Clinical data

First symptom to admission 12 (3-24) 12 (4-33) 5(2-24) -3.913 <.001
time (hours), median
(Q25-Qy5)

NIHSS score on admission, 4(3-7) 4(3-7) 10 (5-16) —7.610 <.001
median (Q,5-Qs5)

Thrombolytic therapy,n (%)  33(4.3%) 25(3.7%) 8(8.7%) 4.822 .027

Dysphagia, n (%) 83(10.8%) 36 (5.3%) 47 (51.1%) 175.339 <.001

Use of nasogastric tube, 70(9.1%) 30 (4.5%) 40 (43.5%) 148.492 <.001
n (%)

Baseline SBP (mmHg), 150 (140-170) 150 (140-169) 155(139-170) —0.909 .363
median (Q,5-Qs5)

Baseline DBP (mmHg), 89 (80-95) 90 (80-95) 85 (80-92) —1.340 .180
median (Qy5-Qy7s5)

Stroke subtype, n (%)

Atherosclerosis 308 (40.2%) 263 (39.0%) 45 (48.9%) <.001

Cardioembolism 133(17.4%) 102 (15.1%) 31(33.7%)

Small vessel occlusion 315(41.1%) 299 (44.4%) 16 (17.4%)

Other determined 5(0.7%) 5(0.7%) 0

Undetermined 5(0.7%) 5(0.7%) 0

Medical history

Previous stroke, n (%) 179 (23.4%) 156 (23.1%) 23 (25%) 0.155 693

Hypertension, n (%) 538 (70.2%) 470 (69.7%) 68(73.9%) 0.677 411

Diabetes, n (%) 183(23.9%) 158 (23.4%) 25(27.2%) 0.620 431

Coronary heart disease, 38 (5.0%) 33(4.9%) 5(5.4%) 0.050 .823
n (%)

Atrial fibrillation, n (%) 106 (13.8%) 79 (11.7%) 27(29.3%) 21.095 <.001

Smoking, n (%) 205 (26.8%) 192 (28.5%) 13(14.1%) 8.512 .004

Drinking, n (%) 160 (20.9%) 149 (22.1%) 11(12.0%) 5.047 025

A2DS? score, median 3(1-4) 2(1-4) 5(3-7) —8.832 <.001
(Q25-Q5)

Laboratory data

WBC (x10?/L), median 6.40 (5.23-8.04) 6.30(5.20-7.86) 7.32(6.14-10.38) -4.191 <.001
(Q25-Q5)

Neutrophil (x107/L), 4,27 (3.25-5.70) 4.20(3.20-5.47) 5.85(3.97-8.57) —5.089 <.001
median (Qp5-Q7s)

Lymphocyte (x107/L), 1.40(1.00-1.82) 1.44(1.05-1.89) 1.00 (0.68-1.50) —5.889 <.001
median (Q,5-Q7s)

Monocyte (x10°/L), median  0.39 (0.30-0.50) 0.39(0.30-0.50) 0.40(0.31-0.51) —1.858 063
(Q25-Qy5)

Platelet (x107/L), median 178 (143-217) 180(143-219) 170(138-210) —1.482 .138
(Q25-Qys)

Hemoglobin concentration 135 (124-146) 136 (125-146) 125(112-140) —-4.762 <.001

(g/L), median (Qz5-Qys)

(Continues)
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TABLE 1 (Continued)
Total non-SAP
(n=776) (n=674)
Hs-CRP (mg/L), median 1.50(0.50-3.60) 1.20(0.50-2.93)
(Q5-Qy5)
ALB (g/L), median 38.7 (36.8-40.7) 39.0(37.1-41.0)
(Q5-Q75)
CAR (107°), median 3.7(1.3-9.3) 2.9(1.2-7.6)
(Q25-Qy5)

HUANG ET AL.
SAP
(n=92) Z/x? 14
4.90(2.63-8.40) —-9.281 <.001
36.9(32.9-38.4) —7.541 <.001
13.6(7.2-25.1) —9.640 <.001

Abbreviations: ALB, albumin; A2DS2, age, atrial fibrillation, dysphagia, sex, stroke severity; CAR, C-reactive protein-albumin ratio; Hs-CRP, hypersensitive

C-reactive protein; NIHSS, National Institutes of Health Stroke Scale.

TABLE 2 Univariate analysis and multivariate analysis for the association between C-reactive protein-albumin ratio (CAR) quartiles and

stroke-associated pneumonia (SAP) risk

SAP, Unadjusted OR
n (%) (95% Cl) p
Q1<1.3(n=192) 2(2.2%) 1 (reference)
Q21.3-3.7 11(12.0%) 5.81(1.27-26.55) 023
(h=191)
Q33.7-9.3 19(20.7%) 10.43 (2.40-45.45) .002
(n=192)

Q4>93(n=191) 60 (65.1%) 43.51(10.45-181.15)

<.001

Adjusted OR
p-Trend (95% Cl) p p-Trend
<.001 1 (reference) <.001
4.10(0.86-19.54) .077
5.21(1.14-23.89) .033

17.72(4.02-77.99) <.001

Note: Adjusted for A2DS? score, first symptom to admission time, thrombolytic therapy, use of nasogastric tube, smoking history, drinking history, WBC count,

neutrophil count, lymphocyte count, and hemoglobin concentration.
Abbreviation: OR, odds ratio.

The univariate unadjusted and multivariate adjusted odds ratios
for the association between the CAR quartiles and SAP are shown in
Table 2. The SAP incidence in the unadjusted model was significantly
higher in the Q2, Q3, and Q4 groups (p <.05) (OR values; 5.81, 10.43,
and 43.51, respectively) thanin the Q1 group (p-trend <.001). The SAP
incidence in the adjusted model was higher in the Q2 group (aOR, 4.10)
than in the Q1 group. However, the difference was not statistically sig-
nificant (p >.05). The Q3 and Q4 groups had ORs of 5.21 and 17.72,
respectively, which were also significant (p <.05, p-trend <.001).

The ROC curve analysis showed that the SAP group had an opti-
mal A2DS? cutoff score of 4 (95% Cl = 0.749-0.809), an AUC (Area
Under Curve) of 0.780, 58.70% sensitivity, and 83.98% specificity
(Figure 3). In addition, the AUCs of CAR, Hs-CRP, and ALB were
0.810(95% Cl:0.780—-0.837),0.798 (95% Cl: 0.767—-0.825), and 0.742
(95% Cl: 0.710-0.773), with the best cutoff points of 7.1, 2.59, and
37.8, respectively. The AUC comparison is shown in Table 3. The
AUC for the CAR was the highest. However, the AUCs were not
significantly different between the CAR and A2DS? score (p > .05)
and were significantly different between the CAR and Hs-CRP or
ALB (p <.05). Both the A2DS? score and the CAR on admission
could predict SAP occurrence in hospitalized patients with AIS within
72 h after onset with similar predictive efficacy since their AUROCs
were over 0.75 (0.780 vs. 0.810) (p <.05). However, the CAR has

a more balanced sensitivity and specificity than the AZDS? score

P<0.001

1: SAP
2 (92)
Q12(22%) 190 (28.2%)
Q2 11 (12.0%) 180 (26.7%)
Q3 19 (20.7%) 173 (25.7%)
Q4 60 (65.1%) 131 (19.4%)

2: non-SAP
(674)

Groups

Ooon

T T T T 1
0 20 40 60 80 100

percentage (%)

FIGURE 3 Receiver operating characteristic (ROC) curves for the
hypersensitive C-reactive protein (Hs-CRP), albumin (ALB), C-reactive
protein-albumin ratio (CAR), and age, atrial fibrillation, dysphagia, sex,
stroke severity (A2DS2) score in predicting stroke-associated
pneumonia (SAP)

(77.17% sensitivity, 73.44% specificity vs. 58.70% sensitivity, 83.98%
specificity).

3.3 | Short-term clinical outcomes in patients with
SAP and non-SAP

There were no significant differences in the length of hospital stay or
the incidence of TIA or AIS within 3 months after discharge between
the two groups (p > .05) (Table 4). However, the NIHSS and mRS scores
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TABLE 3 Comparison of AUC areas for stroke-associated pneumonia (SAP) prediction

AUC area
CAR vs. A2DS? score 0.810vs. 0.780
CAR vs. Hs-CRP

CARVvs.ALB

0.810vs.0.798
0.810vs.0.742

Note: The DelLong test was used to compare AUCs.

Difference

between areas V4 p
0.030 0.867 .386
0.012 5.206 <.001
0.068 2.136 .032

Abbreviations: ALB, albumin; A2DS2, age, atrial fibrillation, dysphagia, sex, stroke severity; CAR, C-reactive protein-albumin ratio; Hs-CRP, hypersensitive

C-reactive protein.

TABLE 4 Short-term clinical outcomes in patients with stroke-associated pneumonia (SAP) and non-SAP

Total non-SAP
(n=776) (n=674)
Hospitalization duration (days), 11(9-14) 11(9-14)
median (Q,5-Qys)
Discharge NIHSS score, median 3(2-6) 3(2-5)
(Q25-Qys)
Discharge mRS score, median 2(1-3) 1(1-3)
(Q25-Q75)
mRS score at 3 months, median 1(0-3) 1(0-2)
(Q25-Q75)
Ischemic stroke/TIAin 3 14 (1.8%) 13(1.9%)
months, n (%)
Mortality at 3 months, n (%) 105 (13.7%) 56 (8.3%)
Poor clinical outcome (mRS 200 (26.1%) 136 (20.2%)

3-6) at 3 months, n (%)

SAP
(n=92) 2/ p

12(7-17) ~1.105 269
10 (4-18) ~8.691 <001
4(2-5) ~8.694 <001
6(2-6) ~9.208 <001
1(1.1%) 0.319 572
49 (53.3%) 138.289 <001
64 (69.6%) 102.343 <001

Abbreviations: mRS, Modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale.

at discharge and the mRS score 3 months after discharge were signif-
icantly different between the two groups (p <.001). At the 3-month
follow-up after discharge, 200 (26.1%) participants experienced poor
functional outcomes (mRS 3-6), and 105 (13.7%) patients died from
all causes. The incidence of poor clinical outcomes (mRS 3-6) was sig-
nificantly higher in the SAP group (69.6% vs. 20.2%, p <.001) with a
high mortality rate compared to the non-SAP group (53.3% vs. 8.3%,
p <.001).

3.4 | Relationship between CAR and 3-month poor
clinical outcomes

The univariate unadjusted and multivariate adjusted odds ratios for the
association between the CAR quartiles and 3-month poor clinical out-
comes, including death and major disability (mRS 3-6) and 3-month
all-cause mortality (mRS =6), are shown in Table 5. The univariate
regression analysis showed that the high quartiles of CAR were signif-
icantly associated with poor clinical outcomes (unadjusted OR for Q3
vs. Q1, 2.03; Q4 vs. Q1, 3.72; p-trend < .001). After adjusting for SAP
during the hospital stay, the association was only significantly higher in
Q4 (aOR 1.97,95% Cl1 1.15-3.37, p-trend = .014).

The CAR quartiles were also significantly associated with 3-month
all-cause mortality in the unadjusted model (unadjusted OR for Q2 vs.
Q1, 2.54; Q3 vs. Q1, 3.60; Q4 vs. Q1, 8.60; p-trend < .001). Further-
more, the CAR was still significantly associated with 3-month all-cause
mortality in the adjusted model, and the patients in a higher CAR quar-
tile had a higher risk of death in the first 3 months after AIS (adjusted
ORforQ3vs.Q1,2.62;Q4vs.Q1, 3.76; p-trend = .001).

4 | DISCUSSION

Studies have shown that infection is not only a risk factor for stroke but
also a determinant of the prognosis after stroke (Elkind et al., 2020).
Among them, SAP has a greater impact on clinical outcomes, as it is
more common and difficult to treat (Hilker et al., 2003). The incidence
of SAP varies from 7% to 38% in different studies, and a recent study of
4,224,924 patients with AlS found that 149,169 (3.53%) of the patients
had SAP during hospitalization (Hannawi et al., 2013; Nam et al., 2018).
The differences in the incidence of SAP may be related to a variety of
factors, such as the study sample, SAP diagnostic criteria, and hospital-
ization environment, and the rate was higher among patients admitted
to ICUs due to complex factors (Hannawi et al., 2013; Patel et al., 2020).
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TABLE 5
3-month poor clinical outcomes

3-month poor clinical

outcomes, n (%) Unadjusted OR (95% Cl)
Death or major disability (mRS 3—6)

29 (15.1%)

Q1<1.3(n=192) 1 (reference)

Q21.3-3.7(n=191) 44 (23.0%) 1.68(1.00-2.83)
Q33.7-9.3(n=192) 51(26.4%) 2.03(1.22-3.38)
Q4>9.3(n=191) 76 (40%) 3.72(2.28-6.06)
Death (mRS = 6)

Q1<1.3(n=192) 8(4.2%) 1 (reference)
Q21.3-3.7(n=191) 19 (9.9%) 2.54(1.08-5.96)
Q33.7-9.3(n=192) 26(13.5%) 3.60(1.59-8.18)
Q4>9.3(n=191) 52(27.2%) 8.60 (4.00-18.70)

Note: Adjusted for SAP during hospitalization.
Abbreviations: Cl, confidence interval; OR, odds ratio.

The incidence of SAP was 11.9% in our study, as this was a single-center
study with a small sample size taken from the general ward of the emer-
gency and neurology department, and mild stroke was more commonin
this study (NIHSS score, 4). Patients admitted to the ICU with severe,
unstable vital signs were excluded, but they could have a higher SAP
incidence due to coma, dysphagia, use of ventilators, and many other
reasons (Hannawi et al., 2013).

There is no doubt that SAP is associated with aspiration due to
dysphagia. Previous studies have shown that patients with dysphagia
after a stroke have a threefold increased risk of developing pneumonia
and up to an 11-fold increased risk of aspiration pneumonia compared
with nondysphagia patients (Martino et al., 2005), and early dyspha-
gia screening can reduce SAP occurrence and improve the prognosis of
stroke patients (Al-Khaled et al., 2016). In our study, over half (51.1%)
of the SAP patients had dysphagia, although most of these patients had
indwelling gastric tubes. Other researchers have also reported that the
respiratory infection rate was significantly higher in tube-fed stroke
patients than in orally fed patients, possibly because they were older,
had more severe stroke and dysphagia, and stayed in bed longer, which
might be due to the late insertion of the gastric tube (Brogan et al.,
2014). However, it is unknown whether the placement of a nasogas-
tric tube increases the pneumonia risk by promoting colonization of the
oropharynx with pathogenic bacteria since bacteria are the most com-
mon pathogens that cause aspiration pneumonia (Chang et al., 2013),
and the SAP incidence is higher in patients who have more missing
teeth and poor oral hygiene (Wagner et al., 2016). Furthermore, feed-
ing tubes do not prevent gastroesophageal reflux aspiration (Arnold
etal.,, 2016) since the nasogastric tube that has been inserted can cause
dysfunction of the esophageal sphincters and desensitization of the
pharyngoglottal adduction reflex (Gomes et al., 2003).

Risk factors such as older age, male sex, chronic obstructive
pulmonary disease, smoking, stroke-induced immunodepression syn-
drome (SIDS), decreased monocytic human leukocyte antigen-DR

isotype (HLA-DR), and medications, such as acid-suppressive medica-
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Univariate analysis and multivariate analysis for the association between C-reactive protein-albumin ratio (CAR) Quartiles and

p p-Trend Adjusted OR (95% ClI) p p-Trend
<.001 1 (reference) 014
.05 1.49(0.88-2.54) 137
.006 1.65(0.98-2.78) 062
<.001 1.97 (1.15-3.37) 013
<.001 1 (reference) .001
.032 2.10(0.88-5.01) .094
.002 2.62(1.13-6.10) 025
<.001 3.76 (1.64-8.64) .002

tion, have also been proven to be associated with SAP (Eltringham et al.,
2019; Gong et al., 2016). In this study, the SAP patients were older,
had higher NIHSS scores on admission, and had shorter waiting times
at home. Moreover, the thrombolytic treatment rate was higher in the
SAP group than in the non-SAP group, possibly due to severe symp-
toms and more timely admission. AF, smoking, and drinking were also
associated with SAP development in patients with AlS. AF is associ-
ated with cardioembolic stroke with cortical infarctions and a higher
stroke severity, but it can still affect SAP occurrence even after adjust-
ing the NIHSS score (Hoffmann et al., 2012). A meta-analysis showed
that alcohol consumption increases the risk of pneumonia (Simou et al.,
2018). Smoking is a scoreable risk factor in the AIS-APS scoring system
because it may affect the ability of respiratory barrier function to pro-
tect against infection (Ji et al., 2013). However, in our study, the SAP
group had lower smoking and alcohol consumption rates, and we did
not find a specific reason for these different findings.

Early detection and treatment of SAP results in better outcomes,
and there are consensus guidelines for the use of antibiotics in SAP
treatment (Kishore et al., 2019). Nonetheless, several randomized tri-
als that have evaluated the use of preventive antibiotics have failed to
show that the clinical outcomes improved with the use of preventive
antibiotics in acute ischemic stroke patients (Kalra et al., 2015). While
pneumonia risk scores, such as the A2DS? score, can clinically predict
SAP occurrence, conditions, such as dysphagia, are often not promptly
and accurately evaluated; thus, the delay in identifying high-risk SAP
patients influences the prevention and treatment of SAP (Bray et al.,
2017). At present, we need to find an indicator that can predict SAP
early and accurately.

In addition to dysphagia, stroke-induced immunodepression syn-
drome (SIDS) also causes SAP (Liu et al., 2018). Studies have shown
that SIDS leads to a rapid and sustained depression of cellular immune
functions (Hoffmann et al., 2017). Deactivation of monocytes and
Th1 cells, Thi-mediated lymphopenia, and increased apoptosis of

immune cells in the lymph nodes spleen and thymus are all involved
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(Liesz et al., 2009). In addition to reducing inflammatory reactions
to protect brain tissues, SIDS weakens pathogen resistance in the
human body, causing infection (Liu et al., 2018). Therefore, immuno-
logically relevant hematologic and cytologic markers have been of
interest for the early prediction of SAP occurrence. Biomarkers
that can reflect the immune response and systemic inflammation,
such as CRP, IL-6, NLR, MLR, MHR, natural killer cell number, and
T-lymphocyte subsets, have been proven to be associated with SAP
occurrence. In addition, MRPROADM, SUPAR, SAA, and other infec-
tious markers are also predictive indicators of SAP (Hotter et al,,
2020).

CRP is one of the most readily available and widely used markers of
inflammation, and an increase in CRP is associated with the develop-
ment of SAP (Kalra et al., 2019). Previous studies have found that Hs-
CRP is an independent prognostic marker of functional outcome and
death in Chinese patients with AIS (Tu et al., 2013). Hypoalbuminemia
is associated with an increased risk of infections, especially pneumonia.
The serum ALB level is an independent nosocomial pneumonia predic-
tor in stroke patients. Serum albumin levels are also associated with
mortality in aspiration pneumonia patients (Kim et al., 2018). In this
study, a composite index, including immune and nutritional status, was
identified for SAP occurrence prediction. The hematological marker
differences, especially inflammatory markers and nutritional markers,
between the two groups were also assessed. The leukocyte count, neu-
trophil count, lymphocyte count, hemoglobin concentration, ALB, and
Hs-CRP were significantly different between the two groups. In this
study, high Hs-CRP levels and low ALB levels were all SAP risk factors,
and thus CAR can predict SAP occurrence in patients with AlS. A higher
baseline CAR level was associated with SAP in patients with AlS, with
65.1% of the SAP patients in Q4. In addition, the CAR was an indepen-
dent SAP predictor in the adjusted model. However, the A2DS? score
with the most risk factors was significantly different between the two
groups. The ROC curves showed that both the CAR and A2DS? scores
could predict SAP occurrence in patients with AIS with an AUC area
over 0.75, showing no significant difference. However, the CAR had a
more balanced sensitivity and specificity. In addition, the CAR is easily
accessible and simple to use during a hospital stay. Therefore, the CAR
is more efficient.

Unlike other reports (Nam et al., 2018; Teh et al., 2018), the length
of stay in the SAP group was not prolonged, possibly because our
study did not include patients hospitalized in the ICU, who tend to
have a longer hospitalization duration. A study found no association
between stroke-associated infection and poor functional outcome at
discharge (Vargas et al., 2006). In this study, the NIHSS and mRS scores
in the SAP group were higher at discharge, but this did not imply that
they are related to SAP because the NIHSS score was also higher at
admission. In addition, other complications, such as stroke progression,
hemorrhagic transformation, and secondary epileptic seizure, can also
affect the disease severity at discharge. Stroke-associated infection
independently predicts 3-month poor functional outcome and mortal-
ity (Suda et al., 2018), and the SAP group had a higher mortality rate
and a higher rate of poor clinical outcomes at the 3-month follow-up

in our study. High CAR levels were related to poor functional progno-

sis and increased mortality at 3 months after discharge in our study
(p-trend < .05), and the results were still statistically significant after
adjusting for SAP, especially in the Q4 group. However, this does not
indicate that the CAR at admission predicts the risk of a poor clinical
outcome at 3 months because there are many other confounding fac-
tors. Age, sex, physical state, severity of cerebral infarction symptoms,
types, and severity of complications during hospitalization, family care
after discharge, rehabilitation treatment, and some other factors may
also be associated with the clinical outcome of the patients in the first
3 months after AIS. Therefore, more information is needed during and
after hospitalization to clarify the impact of SAP on patients with AIS.

Similar to previous studies, our study also suggests that inflam-
matory markers are associated with SAP occurrence and short-term
prognosis in patients with AIS. Unlike previous studies, we proposed
for the first time to use the CAR, a composite index containing the
inflammatory indicator CRP and the nutritional indicator ALB, as a pre-
dictor. Through this study, we can cautiously believe that the CAR level
at admission is related to SAP occurrence in patients with AlS during
hospitalization and the 3-month prognosis of these patients.

However, there are still several limitations in our study. First, this
was a single-center and retrospective study, and it was difficult to
establish causality between the CAR and SAP. Therefore, multicenter,
prospective studies are needed in the future. Second, the Hs-CRP and
ALB levels were measured only at baseline, and we did not measure the
levels of Hs-CRP and ALB during hospitalization and follow-up, which
may also be associated with SAP and clinical outcomes. Third, the lat-
est inflammatory factors, such as IL-6, IL-1, tumor necrosis factor alpha
(TNF-a), and the more sensitive infection markers, including procal-
citonin, were not included in this study. More research is needed to
explain the relationship between inflammation and SAP. Fourth, high
CAR levels were associated with poor clinical outcomes at 3 months of
discharge, regardless of whether SAP was adjusted for. More informa-
tion, such as complications during hospitalization and after discharge,
including the care and rehabilitation treatment, complications, and
hospital readmission after discharge, should be collected to determine
the relationship between the CAR and prognosis of patients with AlS.

5 | CONCLUSION

In conclusion, patients with AIS with a higher level of CAR at admis-
sionwere more likely to develop SAP during hospitalization, had poorer
clinical outcomes in the short term, and had higher rates of mortal-
ity and severe disability at 3 months. Measuring the CAR at admission
and the use of dynamic retesting of the CAR during hospitalization may
help in the timely selection of high-risk patients who need intervention,
and this may reduce the occurrence of SAP and improve the treatment
outcome of patients with AlS. The CAR can also be retested when the
patient is discharged from the hospital, and the patient’s inflammation
and malnutrition can also be treated after discharge to obtain a better
prognosis. Although the CAR was found to be associated with 3-month
mortality and 3-month unfavorable clinical outcomes after admission,

more data are needed to explore their association.
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