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ABSTRACT
Background: CAR is a novel biomarker that predicts disease prognosis in inflammation-related diseases such as stroke.

Aim: We aimed to evaluate the relationship between CAR and disease severity and nutritional status in patients with acute
ischemic stroke (AIS).

Method: This research is a cross-sectional, descriptive study. The sample consists of 99 AlS patients. A face-to-face interview
questionnaire was used to determine the sociodemographic characteristics. The nutritional status was assessed by NRS-
2002, SNAQ, MUST, and SGA, and disease status was determined by NIHSS and Modified Rankin Scale. Anthropometric
measurements were taken. Biochemical parameters were obtained retrospectively from the patient records.

Results: 21.2% (n = 21) of the patients had an NRS-2002 score > 3. When the combined effect of NIHSS and MUST on CAR
was evaluated using Univariate ANOVA, the main effect of both MUST and NIHSS separately was significant. However, the
combined effect of NIHSS and MUST was not found (p > 0.05). CAR of those at low risk of malnutrition (6.2+13.7) was
significantly lower than that of those at moderate risk of malnutrition (13.7+17.2) according to MUST (p < 0.05). NRS-2002
significantly predicted a higher CAR (B = 10.89, p = 0.002). CAR significantly predicted higher NIHSS (B = 0.02, p = 0.003).
The total effect analysis showed that malnutrition was positively associated with disease severity (B = 0.72, p = 0.002).

Discussion: This study revealed that nutritional risk (NRS-2002) was significantly associated with disease severity (NIHSS),
both directly and indirectly. CAR mediated this relationship. Using CAR may facilitate the detection of nutritional risk.

Keywords: nutrition, NIHSS, MUST, NRS-2002, CAR

Introduction

Stroke is the second most common cause of death and
the third leading cause of disability-adjusted life years
worldwide. Approximately 12 million stroke cases and
6.5 million stroke-related deaths occur annually.” Acute
ischemic stroke (AlS) is more common than hemorrhagic
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stroke (AHS) and is also the primary cause of temporary
or chronic disability. It has important social and economic
consequences.?lt is known that inflammation occurs in
the pathophysiology of AIS.3 Necrotic cells formed in the
brainasaresult ofvascularocclusiontriggerinflammation.*
New biomarkers that will predict the patient’s prognosis,
better understand the pathophysiology, and offer new
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treatment options may be beneficial® In recent years,
the C-reactive protein (CRP) to albumin (ALB) ratio
(CAR) has begun to be defined as a new inflammatory
indicator. C-reactive protein is an acute-phase reactant
produced by the liver, and its levels increase in response
to inflammation. It is widely used as a clinical indicator
of inflammatory status. ALB, also produced by the liver,
is a useful marker reflecting both inflammatory and
nutritional states>CAR has previously been shown to
be associated with inflammatory conditions and poor
prognosis, including in diabetic nephropathy, cancer,
and cardiovascular disease.®’#According to data from
the NHANES cohort, high CAR is associated with an
increased risk of long-term mortality for individuals
who have had a stroke.® In studies conducted on elderly
patients with AIS, higher CAR was also associated with
in-hospital mortality, hemorrhagic transformation, and
worsening functional outcomes.’®" This suggests that
CAR can be used as a poor prognosis predictor.

Malnutrition is common in stroke patients, who are
mostly elderly individuals. Malnutrition in stroke patients
is recognized to be negatively associated with a
variety of clinical outcomes, particularly disability and
death, in both the short and long term.2™Despite its
importance for prevention and treatment, assessment
of nutritional status is not sufficiently considered in the
multidisciplinary approach to diagnosing and treating
patients affected by acute or chronic diseases.? In a
study of 325 hospitals in 25 European countries, it was
reported that routine nutritional status screening was
performed in only 52% of hospitals.”® Malnutrition is a
disordered nutritional state caused by a combination
of inflammation and negative nutrient balance, leading
to alterations in body composition and function. The
definitive diagnosis of malnutrition should be based
on the assessment of these factors.™ It is essential
to identify a rapid, simple, cost-effective, and reliable
approach for nutritional assessment that is validated in

Main Points

+ CAR is significantly associated with both
malnutrition risk and disease severity in patients with
acute ischemic stroke (AIS).

+ CAR partially mediates the effect of malnutrition on
disease severity.
+ Use of CAR may facilitate early identification of

malnutrition risk and disease prognosis in patients
with AlS.

the clinical setting. Many tools/procedures are used for
nutritional screening worldwide. Basic laboratory tests,
such as albumin and CRP levels, have been incorporated
into other tools as they are associated with inflammatory
status and clinical outcomes.2Subjective assessment of
malnutrition is challenging due to limitations inherent in
screening and assessment tools, such as inter-observer
variability, difficult reproducibility, requiring expert
experience, and some tools being time-consuming and
expensive.®Therefore, there is no gold standard for
nutrition screening or a complete nutrition assessment.’

Thefactthathigh CAR scorespredict worsening prognosis
in many inflammatory conditions and the association of
both CRP and ALB with malnutrition suggest that they
can be used as indicators of malnutrition in patients with
AlS.

Albumin and CRP values are routinely evaluated,
inexpensive, and easily accessible, which may provide
convenience for clinicians. This study aimed to evaluate
the association between CAR, nutritional risk (NRS-
2002), and stroke severity (NIHSS) in patients with acute
ischemic stroke.

Methods

This research is a cross-sectional, descriptive study.
The research sample consisted of 99 AIS patients
hospitalized in the Neurology clinic of Kastamonu
Training and Research Hospital between January and
February 2024. Kastamonu University Clinical Research
Ethics Committee approval was obtained for the study.
The sample size in the study was calculated using
G*Power 3.1 software. The analysis was performed using
the “R? increase” option in the linear multiple regression
model. Statistical significance was set at a = 0.05,
test power was 80% (1-B = 0.80), and the effect size
was accepted as moderate (f2=0.10), considering the
findings on the relationship between CAR and stroke
in the literature.”"® According to these parameters,
the minimum sample size was calculated as 81.
Considering the probability of missing and incomplete
data (15%), the target sample size was determined
to be at least 93. Patients who were confused had
advanced dementia, could not cooperate, were aphasic
after stroke, had hemorrhagic stroke, or had PEG were
excluded. The sample was selected using purposive and
convenience sampling. Anthropometric measurements
and biochemical data were obtained, and scales were
applied within the first 3 days after hospitalization.
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A face-to-face interview questionnaire was used to
determine the sociodemographic characteristics of the
patients, such as age, occupation, marital status, and
cohabitation status. The nutritional status of the patients
was assessed by Nutritional Risk Screening-2002 (NRS-
2002), Simplified Nutritional Assessment Questionnaire
(SNAQ), Malnutrition Universal Screening Tool (MUST),
Subjective Global Assessment (SGA), and disease status
was determined by National Institutes of Health Stroke
Scale (NIHSS), Modified Rankin Scale. The researchers
took anthropometric measurements (height, weight, and
mid-upper arm circumference ). Biochemical parameters
were obtained retrospectively from the patient records.
A flowchart of the study is given in Figure 1.

Anthropometric measurements

Height: When the individual is in the standard anatomical
position, height is the measurement of the vertical
distance from the ground to the vertex, the highest head
point.™

Body weight: Weighing was preferably done in thin
clothes and on an empty stomach.”

Body mass index (BMI): Body mass index values were
calculated by dividing body weight by the square of
height (Body weight (kg) / Height (m?)), and the results
obtained were evaluated according to the World Health
Organization (WHO) classification.?°

Acute stroke patients admitted to the neurology clinic (n=180)

Exclusion Criteria
(n=45)

< ”advanceddementia(n=17)V' )

< could not cooperate (n=26) )

had percutaneous endoscopic' >
Biochemical Parameters \ gastrostomy (n=2) /

(n=36)

albumin not reported (n=24)

C-reactive protein not reported
(n=12)

Figure 1. Flowchart of the study

Mid-upper arm circumference (MUAC): The left arm
of the patient was bent 90 degrees, and the midpoint
between the acromial process at the shoulder and the
olecranon process at the elbow was marked. The arm was
released, and the arm circumference was measured with
a tape measure.”

Nutrition status

We included four different nutritional screening tools
(SNAQ, NRS-2002, SGA, and MUST) in our study to
provide a comprehensive framework and allow for
comparison of other approaches. However, we focused
our analyses primarily on the NRS-2002 and MUST
because these two methods are the most widely
used tools in clinical practice and provided the most
appropriate results for our study sample.

Nutritional risk screening test-2002 (NRS-2002)

The nutritional risk screening test-2002 was developed
by Kondrup et al. in 2002 to screen the risk of malnutrition
in patients admitted to the hospital. The scoring system
consists of two parameters: “nutritional status” and
“disease severity”. A total NRS-2002 score =3 points
is considered at high nutritional risk, while those with a
score below 3 points are considered at low nutritional
risk.?!

Malinutrition universal screening tool (MUST)

It is a five-step screening tool recommended by the
European Society for Clinical Nutrition and Metabolism
(ESPEN) and the British Association for Parenteral and
Enteral Nutrition (BAPEN). The total MUST score is
interpreted as follows: a score of O indicates low risk of
malnutrition; a score of 1 indicates medium risk; and a
score of 2 or more indicates high risk.??

Simplified nutritional assessment questionnaire
(SNAQ)

This screening method, developed by Kruizenga et al.
(2005), includes parameters questioning the presence
of recent weight loss, lack of appetite, and the status
of receiving nutritional support. The total SNAQ score
ranges from 4 to 20 points, with scores of 14 or below
indicating a malnourished, while scores above 14 indicate
a well-nourished??
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Subjective global assessment (SGA)

Subjective global assessment is a screening tool
described by Detsky et al. (1984). Patients are evaluated
subjectively based on data obtained from clinical
assessment and physical examination. Gastrointestinal
symptoms are considered only if they have been present
for > 2 weeks. According to the Subjective Global
Assessment (SGA), patients are classified as nourished
(A), mild to moderately malnourished (B), or severely
malnourished (C) 2*

Disease Severity
National institutes of health stroke scale (NIHSS):

The NIHSS is a scale for determining stroke severity. It
has 11 categories and a score ranging from O to 42. The
NIHSS Stroke Scale measures various aspects of brain
function, including consciousness, vision, sensation,
movement, speech, and language. A certain number of
points is given for each of these physical and cognitive
functions during a focused neurological examination.®

Modified rankin scale

It is used to measure the degree of disability and
dependency in patients due to stroke or another
neurological problem. It is a scale that evaluates between
0 and 6 points.?®

Biochemical Parameters

Biochemical parameters (Creatinine, ALB, CRP,
Cholesterol, Triglycerides, Low Density Lipoprotein
[LDL], High Density Lipoprotein [HDL]) were obtained
retrospectively from the patient records.

CRP albumin ratio (CAR) was calculated by dividing CRP
by ALB.

Statistical analysis

IBM SPSS 25 program was used to analyze the data.
The values of descriptive variables were expressed as
number (n), percentage (%), mean, standard deviation
(SD), median, and minimum and maximum values. The
normality of data was tested using the Kolmogorov-
Smirnov test. The chi-square test was used to compare
categorical variables. Mann-Whitney U test was used for

4

non-normally distributed data. A Univariate ANOVA test
was used to evaluate the effect of disease severity and
nutritional risk on CAR. The significance level was set at
p < 0.05. The mediating role of CAR in the relationship
between disease severity (NIHSS) and nutritional risk
(NRS-2002) was analyzed using Hayes' PROCESS macro
(version 4.2).

Results

General and clinical characteristics of the patients are
given in Table 1. The number of patients included in the
study was 99, and the mean age was 72.0+14.2 years.
212% (n = 21) of the patients had NRS-2002 score
>3 and there was no difference between genders (p >
0.05). According to the SGA nutritional assessment tool,
94.9% of the patients had no malnutrition, whereas 3%
had severe malnutrition. Nutritional screening results
indicated that 33.3% were malnourished based on SNAQ
(25% weight loss), 20.2% were at medium risk according
to MUST, and no patient was categorized as high risk (p
> 0.05). When the NIHSS scores of the patients were
evaluated, 30.32% had no stroke symptoms, 28.3% had
minor stroke, 33.3% had moderate stroke and 8.1% had
severe stroke and there was no difference between
genders (p > 0.05). Functional status evaluated by the
modified Rankin Scale indicated that most patients had
slight (25.3%) or moderate (17.2%) disability, while 22.2%
had moderately severe disability and 15.2% had severe
disability (p > 0.005). Anthropometric measurements
showed a mean BMI of 28.5+5.6 kg/m? and MUAC of
28.8+3.6 cm, with no significant difference between
genders. When the BMI of the patients was classified,
20.2% were underweight, 37.4% were normal weight and
42.4% were overweight.

The evaluation of biochemical parameters of the patients
according to nutritional risk status (NRS 2002 ) is given
in Table 2. Serum albumin median values of patients with
an NRS-2002 score > 3(3.5[1.8 - 4.0]) were significantly
lower than those of patients with NRS-2002 scores <3
(3.7[2.8 - 4.7]) (p < 0.05). Median CRP levels were 22.0
mg/L (range: 0.8-307.2) in patients with NRS-2002
scores > 3, compared with 5.8 mg/L (0.2-189.5) in those
with scores < 3 (p = 0.008). Similarly, the median CRP/
albumin ratio (CAR) was 7.1 (0.2-83.0) in an NRS-2002
scores = 3, 1.6 (0.0-67.7) in scores < 3 (p = 0.004).
Total cholesterol, triglyceride, and HDL values of those
with NRS-2002 scores > 3 were lower than those with
NRS-2002 scores < 3 (p = 0.049, p = 0.045, p = 0.016,
respectively).
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Table 1. General and clinical characteristics of the patients

Female(n=62,62.6%)

Age (Mean+SD) 73.5+14.8
Education n (%)

lliterate 31(50.0)
Literate 13(21.0)
Primary school 15 (24.2)

Secondary school -

High school 1(1.7)
Undergraduate/graduate 2(3.3)
Marital status

Married 26 (41.9)
Single 2(33)
Divorced 2(32)
Lost spouse 32(51.6)
Cohabitation status

Alone at home 9(14.5)
At home with spouse 11(17.7)
With spouse and children 15(24.3)
With children/relatives 27 (43.5)
Income

Below minimum wage 49 (79.0)
Above minimum wage 13(21.0)

Presence of other diseases

No 6(9.7)
Yes 56 (90.3)
Cardiovascular disease 47(75.8)
Diabetes 20(32.3)
Thyroid diseases 2(32)
Respiratory diseases 5(8.1)
Neurological diseases 12 (19.4)
Autoimmune diseases 1(1.6)
Sensory loss 3(4.8)

Male(n=37,37.4%)
69.5+13.1
n (%)

1(2.7)
3(8.1)
25(67.6)
2(5.4)
5(13.5)
1(27)

32 (86.5)

5(13.5)

3(8.1)
16 (43.3)
15 (40.5)

3(8.1)

19 (51.4)
18 (48.6)

8 (21.6)
29(78.4)
22 (59.5)
13 (35.1)
2(5.4)
4(10.8)
3(8.1)

1(2.7)

CAR, Stroke Severity, and Nutritional Risk

Total (n=99)
72.0+14.2
n (%)
32(32.3)
16 (16.2)
40 (40.4)
2(37)
6(5.2)
3(3.0)

58 (58.6)
2(20)
2(2.0)

37(37.4)

12 (12.1)
27 (27.3)
30 (30.3)
30 (30.3)

68 (68.7)
31(31.3)

14 (14.1)
85 (85.9)
69 (69.7)
33(33.3)
4(4.0)
9(9.1)
15 (15.2)
1(1.0)
4(4.0)

P
0.068#

<0.001

<0.001

0.000

0.004

0.099

Chi-Square test # Mann Whitney U test BMI: Body Mass Index* While categorizing BMI, the World Health Organization BMI classification according to age
was used. MUAC: Mid-upper arm circumference NRS 2002: Nutritional Risk Screening-2002 SNAQ: Simplified Nutritional Assessment Questionnaire MUST:
Malnutrition Universal Screening Tool SGA: Subjective Global Assessment NIHSS: National Institutes of Health Stroke Scale.



Tatar T, et al. CAR, Stroke Severity, and Nutritional Risk Clin Sci Nutr. 2025;Early View:1-11

Table 1. Continued

Female(n=62,62.6%) Male(n=37,37.4%) Total (n=99) p
Nutritional screening tests
NRS 2002
NRS-2002 score < 3 45(72.7) 33(89.2) 78(78.8) 0.051
NRS-2002 score 2 3 17 (27.4) 4(10.8) 21(21.2)
SNAQ
Well nourished (<5% weight loss) 37(59.7) 29 (78.4) 66 (66.7) 0.056
Malnourished (25% weight loss) 25 (40.3) 8(21.6) 33(33.3)
MUST
Low risk 49 (79.0) 30(81.1) 79 (79.8) 0.806
Medium risk 13(21.0) 7(18.9) 20(20.2)
High risk - - -
SGA
Nourished (A) 60 (96.8) 34(91.9) 94 (94.9) 0.283
Mild to moderately malnourished (B) 2(3.2) - 2(2.0)
Severely malnourished (C) - 3(8.1) 3(3.0)
NIHSS
No stroke symptoms 15(24.2) 15 (40.5) 30(30.3) 0.380
Minor stroke 19 (30.6) 9(24.3) 28 (28.3)
Moderate stroke 23(37.) 10 (27.0) 33(33.3)
Severe stroke 5(8.1 3(8.1) 8(8.1)
Modified Rankin Scale
No symptoms - 2(5.4) 2(2.0) 0.524
No significant disability 10 (16.1) 8(21.6) 18 (18.2)
Slight disability 16 (25.8) 9(24.3) 25(25.3)
Moderate disability 11(17.7) 6(16.2) 17 (17.2)
Moderately severe disability 15 (24.2) 7(18.9) 22 (22.2)
Severe disability 10 (16.1) 5(13.5) 15 (15.2)
Anthropometric measurements Mean+SD Mean+SD Mean+SD
BMI 28155 29.2+58 285+5.6 0.383*#
MUAC 28739 29.0+31 28.8+3.6 0.663*
BMI Classification* n(%) n(%) n(%)
Underweight 14 (22.6) 6(16.2) 20(20.2) 0.729
Normal 22(35.5 15(40.5) 37(37.4)
Overweight 26(41.9) 16(43.2) 42(42.4)

Chi-Square test * Mann Whitney U test BMI: Body Mass Index* While categorizing BMI, the World Health Organization BMI classification according to age
was used. MUAC: Mid-upper arm circumference NRS 2002: Nutritional Risk Screening-2002 SNAQ: Simplified Nutritional Assessment Questionnaire MUST:
Malnutrition Universal Screening Tool SGA: Subjective Global Assessment NIHSS: National Institutes of Health Stroke Scale.
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Table 2. Evaluation of biochemical parameters of patients according to nutritional risk status (NRS-2002)

NRS-2002 score = 3

Biochemical parameters
Median (Min-Max)

Creatinine mg/dL 0.8 (0.2-1.6)
ALB g/dL 35(1.8-4.0)
CRP mg/dL 22.0(0.8-307.2)
CAR 7.1(0.2-83.0)

Total Cholesterol mg/dL 122.0 (0.0 - 300.0)

Triglycerides mg/dL 66.0 (0.0 — 405.0)
LDL mg/dL 86.0 (0.0 —240.0)
HDL mg/dL 43.0(0.0-80.0)

NRS-2002 score <3 Total .
Median (Min-Max) Median (Min-Max) P

0.8 (0.3-6.3) 0.8 (0.2-6.3) 0.201
37(2.8-4.7) 37(1.8-4.7) 0.001
5.8 (0.2- 189.5) 7.3(0.2-307.2) 0.008
1.6 (0.0-67.7) 1.9 (0.0-83.0) 0.004
174.0 (0.0 — 338.0) 167.0 (0.0 — 338.0) 0.049
116.0 (0.0 — 410.0) 106.0 (0.0 — 410.0) 0.045
121.5 (0.0 — 259.0) 117.0 (0.0 — 259.0) 0.052
47.5(0.0-82.0) 45.0 (0.0-82.0) 0.016

*Mann Whitney U test, CRP: C- reaktive protein ALB: Albumin CAR: CRP/ALB ratio LDL: Low-density lipoprotein, HDL: High-density lipoprotein, NRS 2002:

Nutritional Risk Screening-2002

Table 3. Evaluation of CAR according to NIHSS and NRS-2002 score

Sum of Squares Sd
NRS-2002 108.925 1
NIHSS 2687.501 3
NIHSS*NRS-2002 222.608 2

CAR
K.O. F p Partial Eta Squares
108.925 0.612 0.436 0.007
895.834 5034 0.003 0.141
111.304 0.625 0.537 0.013

R?= 0.225, Univariate ANOVA test. NIHSS: National Institutes of Health Stroke Scale, NRS: Nutritional Risk Screening-2002

The evaluation of CAR according to NIHSS and NRS-
2002 score is given in Table 3. Descriptive statistics of
Tables 3 and 4 are given in Table 5. The main effect of
NRS-2002 score was not significant on CAR (p > 0.005).
The main effect of NIHSS was significant on CAR (p <
0.05). Patients with no stroke symptoms, minor stroke,
and moderate stroke had significantly lower CAR
(2.9+4.3, 6.3£11.5, 8.0+15.0, respectively) than patients
with severe stroke (29.2+27.6, p < 0.001). The combined
effect of NIHSS and NRS-2002 scores on CAR was not
significant (p > 0.05).

The evaluation of CAR according to NIHSS and MUST
score is given in Table 4. The main effect of MUST score
is significant on CAR (p < 0.001). The CAR of patients
at low risk of malnutrition (6.2+13.7) was significantly
lower than that of those at moderate risk of malnutrition
(13.7+£17.2) (p < 0.05). The main effect of NIHSS was
significant on CAR (p < 0.05). The CAR of those with no
stroke symptoms (2.6+2.8) was the lowest, while that of
severe strokes (30.3+4.7) was significantly the highest.
The combined effect of NIHSS and MUST scores on CAR
was not significant (p > 0.05).

Mediation of the association between nutritional risk
(NRS-2002) and disease severity (NIHSS) by the CAR is
presented in Table 6. NRS-2002 significantly predicted
a higher CAR (B = 10.89, p = 0.002). CAR significantly
predicted higher NIHSS (B = 0.02, p = 0.003). The total
effect analysis showed that nutritional risk was positively
associated with disease severity (B = 0.72, p = 0.002).
The direct effect indicated that even after controlling for
CAR, nutritional risk remained a significant predictor of
NIHSS (B = 0.51, p = 0.027). The indirect effect analysis
demonstrated that the bootstrap 95% confidence
interval [0.03, 0.45] did not include zero, thus confirming
a significant partial mediation effect of CAR.

Discussion

Malnutrition before and after AIS is responsible for
longer hospital stays, worse functional outcomes, and
increased mortality rates after stroke. Early detection
of malnutrition using anthropometric measurements or
laboratory parameters after AIS is important to prevent
a poor prognosis. In the literature, malnutrition has
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Table 4. Evaluation of CAR according to NIHSS and MUST score

CAR
Sum of Squares Sd
MUST 5064.131 3
NIHSS 824134 1
NIHSS*NRS-2002 1319.368 3

K.O. F p Partial Eta Squares
1688.044 10.391 <0.001 0.255
824134 5.073 0.027 0.053
439.789 2.707 0.050 0.082

R?= 0.301, Univariate ANOVA test. NIHSS: National Institutes of Health Stroke Scale, MUST: Malnutrition Universal Screening Tool.

Table 5. Descriptive statistics of Tables 3 and 4

CAR
NRS-2002
NIHSS NRS-2002 NRS-2002
score23(n=21) score<3(n=78)

Mean+SD Mean+SD
No stroke symptoms (n=30) 27+35 29+ 4.4
Minor stroke (n=28) 6.3+89 6.3+122
Moderate stroke (n=33) 16.4 £ 229 6.9 +13.8
Severe stroke (n=8) 292276 -
Total (n=99) 16.3 £ 22.2 54 +11.0

CAR
Total MUST Total
MeantSD Lowrisk Mediumrisk Highrisk Mean+sSD
(n=79) (n=20) (n=0)
MeantSD Mean*SD Mean+SD

29+ 430 31+£438 20+15 - 26+28°
63+11.5° 6.0+125 73+77 - 6.7 £ 2.9%®
80+15.0° 53125 276+19 - 16.5 + 3.4°¢
292 £276° 257 +327 349+214 - 30.3+4.7°

77 +147 62+137° 137 x17.2° - 77 £14.7

Univariate ANOVA test, Bonferroni test, a-b: No difference exists between scores with the same letter, CAR: C- reactive protein/Albumin ratio, NIHSS:

National Institutes of Health Stroke Scale, NRS: Nutritional Risk Screening-2002, MUST: Malnutrition Universal Screening Tool.

Table 6. Mediation of the association between nutritional risk (NRS-2002) and disease severity (NIHSS) by the CAR

Path B SE

Path a NRS-2002 » CAR 10.89 3.46
Path b NRS-2002 » NIHSS 0.51 0.23
CAR > NIHSS 0.02 0.01
Total Effect (c path) 0.72 0.23
Direct Effect (¢’ path) 0.51 0.23
Indirect Effect (axb) 0.21 o.M

t p LLCI uLCl B
315 0.002 4.03 17.75 0.742
224 0.027 0.06 0.97 0.532
3.00 0.003 0.01 0.03 0.293
3.19 0.002 0.27 117 0.749
224 0.027 0.06 097 0.532

- - 0.03 0.45 0.217

Hayes’ PROCESS macro (version 4.2), B = unstandardized coefficient; SE = standard error; LLCI/ULCI = 95% bootstrap confidence interval lower/upper
limits (5,000 samples). CAR: C- reactive protein/Albumin ratio, NIHSS: National Institutes of Health Stroke Scale, NRS: Nutritional Risk Screening-2002

been shown to increase as disease severity increases
in patients with AlSand that markers such as CRP and
albumin are associated with disease severity.??8 In
recent years, CAR, a new biomarker used alongside
CRP and albumin—indicators of systemic inflammation
and nutritional status—is an independent prognostic
marker in many diseases. In a study conducted in 2024
employing a method similar to ours, it was suggested
that the CAR could be used as an indicator for assessing

nutritional status in hemodialysis patients.?® This study
aimed to evaluate the relationship of CAR with disease
severity and malnutrition.

In the present study, 21.2% of patients were identified as
being at nutritional risk according to NRS-2002. SNAQ
identified 33.3% of patients as malnourished, while MUST
indicated that 20.2% of patients were at medium risk, with
no patients classified as high risk. There was no significant
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difference between genders. This prevalence is partially
consistent with previous studies in stroke populations,
which have reported varying rates of nutritional risk:
35-50% according to NRS-2002, 22—-37% according to
MUST, and 18.4% of patients classified as malnourished
according to SNAQ.23° These findings indicate that a
significant proportion of stroke patients are at risk of
malnutrition, highlighting the critical importance of
routine nutritional screening for early identification
of at-risk individuals and timely implementation of
interventions that can improve clinical outcomes.

In this study, patients at risk for malnutrition had lower
median serum albumin levels (3.5 vs. 3.7 g/dL), indicating
impaired protein status, consistent with previous reports
linking hypoalbuminemia to malnutrition in stroke
populations.®'*?  Additionally, inflammatory markers
were significantly higher in the high malnutrition risk
group, with median CRP levels of 22.0 mg/L (0.8-
307.2) compared with 5.8 mg/L (0.2-189.5) in the low
malnutrition risk group (p = 0.008). This finding aligns
with literature suggesting that malnourished patients
frequently exhibit systemic inflammation, which may
exacerbate nutritional deficiencies and worsen clinical
outcomes.® The observed differences in albumin
and CRP highlight the utility of combining nutritional
screening tools with biochemical markers for a more
comprehensive assessment of nutritional status. Early
identification of patients with laboratory findings of
malnutrition and elevated inflammatory markers may
allow for targeted nutritional interventions, improving
recovery and reducing post-stroke complications.

In this study, based on NRS-2002, the CAR of patients
with nutritional risk is higher than that of those without
nutritional risk. When NRS-2002 and NIHSS were
evaluated separately with the Univariate ANOVA test, it
was found that NIHSS had a significant effect on CAR (p
< 0.05), while NRS-2002 had no effect. NIHSS and NRS-
2002 scores together do not have a significant impact on
CAR. When MUST and NIHSS were evaluated separately,
it was determined that both had a significant effect
on CAR (p < 0.05). However, when NIHSS and MUST
scores are evaluated together, there is no significant
effect on CAR. CRP and albumin are acute phase
proteins. As an acute phase reactant, CRP increases and
albumin decreases in inflammation. Many studies have
investigated the relationship between CRP and disease
severity, functional outcome, in-hospital mortality,
long-term mortality, and infarct volume in ischemic
stroke patients.*"” In a study where disease severity

was measured using the Modified Rankin Score, it was
found that disease severity increased with increased
CAR values in young stroke patients.®* In a 116-month
follow-up study examining the relationship between CAR
values and disease prognosis, it was shown that there
was a positive correlation between high CAR values and
the risk of death from all causes in stroke patients.® In
a 6-year follow-up study conducted by Li et al., it was
stated that CAR could be a proper measurement when
predicting in-hospital mortality in elderly patients with
ischemic stroke. In another study, high CAR was found
to be associated with increased risk of hemorrhagic
transformation and poor functional outcomes in
individuals with ischemic stroke."These data support
that disease severity and prognosis are associated with
increased CAR values, as we found in our study.

In Univariate ANOVA analysis, CAR values were more
strongly correlated with disease severity (NIHSS),
while no significant direct difference was observed
with nutritional risk (NRS-2002). However, Hayes'
mediator analysis revealed an unseen indirect effect of
this relationship. Nutritional risk (NRS-2002) increased
CAR, while CAR increased disease severity (NIHSS).
Furthermore, nutritional risk increased disease severity,
and this effect was mediated through CAR. Previous
studies have shown that nutritional risk is associated
with the risk of stroke complications and that CAR is
significantly associated with both functional outcomes
and mortality.”3%> While these studies have investigated
therelationships betweendisease severity, nutritionalrisk,
and CAR separately, their interaction was not evaluated.
In our study, we revealed the interaction of these variables
and the mediating role of CAR. Inflammation is known
to play a central role in the pathophysiology of stroke.
Especially in the acute phase, systemic inflammation can
accelerate both tissue damage and clinical deterioration;
Parameters such as CAR emerge as sensitive indicators
of this process. Therefore, the mediator role of CAR is
consistent with the literature and is a unique aspect
of our study. These data reveal a mechanism by which
malnutrition not only directly increases stroke severity
but also partially mediates this effect by interacting with
inflammation. This highlights the importance of CAR in
clinical practice for both early assessment of nutritional
status and monitoring inflammation for stroke prognosis.

This study has several strengths. To our knowledge, it
is the first to evaluate the combined effect of CAR on
both malnutrition and disease severity in patients with
AIS. The mediation analysis in this study explains the
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biological mechanism underlying this relationship in
more detail. This study also has some limitations. Due to
its cross-sectional design, causal relationships cannot be
firmly established. The absence of a control group and
the lack of assessment of prognostic parameters such as
length of hospital stay, functional outcomes, or mortality
constitute additional limitations of the study.

Conclusion

CRP and albumin are biomarkers routinely used in the
clinic to assess malnutrition and inflammation. They
are practical, economical, and frequently evaluated,
especially indiseases such as AlS, which has inflammation
in its pathophysiology and is often associated with
malnutrition. According to the results of this study, CAR
was found to be closely related to both disease severity
and malnutrition. It was determined that CAR increases in
malnutrition. Therefore, CAR may facilitate the detection
of malnutrition, a condition thatis challenging to diagnose
and requires expertise. However, more comprehensive
studies are needed to expand its routine use.
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