Clinical Interventions in Aging DIOVepl'eSS
Taylor & Francis Group

ORIGINAL RESEARCH
D-Dimer Levels and NIHSS as Prognostic
Predictors in Elderly Patients with Cerebral
Infarction

Zhong Zheng

Department of Clinical Laboratory, the First People’s Hospital of Hefei, Hefei, 230061, People’s Republic of China

Correspondence: Zhong Zheng, Email kismoosa5@2|cn.com

Objective: This study evaluates the relationship between D-dimer levels and NIHSS scores with prognosis in elderly patients with
cerebral infarction.

Methods: This study was a retrospective study that included 112 elderly patients with cerebral infarction admitted to our hospital
from January 2022 to December 2023. The modified Rankin Scale (mRS) was used to assess the prognosis at six-month follow-up, and
patients were divided into two groups: good prognosis (mRS 0-2) and poor prognosis (mRS 3-6). Detailed data collection and
statistical analysis were conducted, including descriptive statistics of baseline data, correlation analysis between D-dimer and NIHSS
scores, and multivariate logistic regression analysis to identify independent risk factors for poor prognosis.

Results: Patients in the poor prognosis group had significantly higher age, BMI, proportions of smoking history, alcohol consumption
history, transient ischemic attack (TIA) history, atrial fibrillation history, admission NIHSS scores, and D-dimer levels compared to the
good prognosis group (P<0.05). In addition, there were significant differences in D-dimer levels among patients with mild (NIHSS
1-4), moderate (NIHSS 5-14), and severe (NIHSS>15) strokes (P<0.001), and D-dimer levels were significantly positively correlated
with NIHSS scores (1=0.58, P<0.001). Multivariate logistic regression analysis showed that D-dimer levels, admission NIHSS scores,
age, atrial fibrillation, and TIA history were independent predictors of poor prognosis (P<0.05). ROC curve analysis showed that the
AUC of D-dimer in predicting poor prognosis was 0.76 (95% CI: 0.67-0.85), with a sensitivity of 72% and specificity of 74%.
Conclusion: D-dimer and NIHSS showed a significant positive correlation (r=0.58, P<0.001), with an AUC of 0.76 for predicting
poor prognosis. Independent risk factors included age, atrial fibrillation, and a history of TIA. These findings support the use of
D-dimer as a critical biomarker in risk stratification for elderly stroke patients.
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Introduction

As a prevalent cerebrovascular disease, cerebral infarction remains a leading cause of adult disability and mortality
globally, particularly in aging populations where its incidence continues to rise.'? Effective prognosis assessment in
elderly patients is therefore critical for optimizing clinical outcomes.

The National Institutes of Health Stroke Scale (NIHSS) serves as the gold standard for quantifying neurological
deficits and predicting short-term prognosis.® Concurrently, D-dimer - a fibrin degradation product reflecting thromboin-
flammatory status - has emerged as a promising prognostic biomarker.* While existing studies suggest correlations
between elevated D-dimer levels and unfavorable outcomes,””’ significant limitations persist in elderly-focused research.
Prior investigations often failed to account for critical confounders such as concurrent infections, malignancy, or renal
dysfunction - all prevalent comorbidities in geriatric populations that may independently elevate D-dimer levels.®®

Notably, the clinical translation of these biomarkers remains ambiguous. Current guidelines lack specific recommen-
dations for D-dimer-guided therapeutic strategies in elderly stroke patients, particularly regarding anticoagulation
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intensity or duration. This knowledge gap may contribute to suboptimal risk stratification, as illustrated by recent trials
showing 32% of elderly stroke patients with elevated D-dimer received delayed antithrombotic escalation.'®

This study addresses three critical gaps: 1) Characterizing the D-dimer/NIHSS relationship specifically in elderly
populations; 2) Evaluating six-month functional outcomes using modified Rankin Scale (mRS); 3) Controlling for
confounders including atrial fibrillation, TIA history, and inflammatory comorbidities

Through multivariate analysis of 850 elderly patients with acute cerebral infarction, we aim to develop an age-specific
prognostic model integrating biomarker profiles and clinical parameters. These findings could inform personalized
monitoring protocols and therapeutic escalation criteria for this vulnerable population.

Data and Methods

This study was approved by the ethics committee of the First People’s Hospital of Hefei. All the methods were carried
out in accordance with the Declaration of Helsinki. For the use of retrospective medical record data, the hospital ethics
committee waived the written informed consent requirement for some patients. However, for all patients/family members
involved in follow-up data collection, electronic informed consent was obtained through telephone interviews. The
consent form template and audio recordings are archived at the hospital’s research data center, with a retention period of
15 years.

General Information

This study is a retrospective analysis conducted by reviewing the medical records of elderly patients with cerebral
infarction admitted to our hospital from January 2022 to December 2023. A total of 112 eligible patients were included,
comprising 64 males and 48 females. The age ranged from 65 to 89 years, with a mean age of 74.50 £ 7.12 years. Since
the study design is a retrospective analysis and the onset of the disease is uniformly defined as within 72 hours prior to
hospital admission, the age at the time of onset was not separately recorded. However, the age at admission can reflect the
distribution of ages at the time of onset. All patients underwent a six-month follow-up, during which the modified Rankin
Scale (mRS) was used for prognosis assessment. The mRS ranges from 0 (asymptomatic) to 6 (dead). According to the
scoring results, patients were classified into two groups: scores of 0 to 2 were categorized as the good prognosis group
(52 cases), and scores of 3 and above were categorized as the poor prognosis group (60 cases). Follow-up was conducted
through outpatient visits or telephone interviews to ensure data integrity and accuracy. The inclusion and exclusion
criteria for this study are outlined as follows:

Inclusion criteria: Age > 65 years; Clinical diagnosis of cerebral infarction, diagnosed according to the “Chinese
Guidelines for the Diagnosis and Treatment of Stroke” (2021 edition); Patients or their guardians could provide written
informed consent; Onset of cerebral infarction occurred within 72 hours before admission; Complete medical records
before admission and during follow-up, including CT or MRI-confirmed diagnosis of cerebral infarction; Complete
baseline NIHSS score data available; Stable vital signs during the study period, without the need for intensive care.

Exclusion criteria: Age < 65 years; Concurrent presence of other central nervous system diseases, such as cerebral
hemorrhage, brain tumors, myasthenia gravis, etc.; Severe cardiac, hepatic, renal dysfunction, or other major organ
failure; Patients with a history of previous cerebral infarction but incomplete recovery; Presence of psychiatric disorders
or cognitive dysfunction, rendering effective communication impossible; Receipt of other clinical trial drug treatments
within the previous 3 months before the study initiation; Patients allergic to the drug components that might be used in
the study; Patients with active inflammation, autoimmune diseases, or recent thrombotic events (such as deep vein
thrombosis of the lower limbs) were excluded by screening the laboratory test records (eg, C-reactive protein, coagula-
tion function indicators) and imaging reports from the three months prior to admission, through the electronic medical
record system.

Methods

In this study, a comprehensive series of data collection and assessment methods were employed to ensure a thorough
analysis of elderly patients with cerebral infarction. This included the collection of baseline data: detailed baseline data
were collected for each selected elderly patient with cerebral infarction, including gender, age, body mass index (BMI),
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smoking and drinking habits. Additionally, patients’ medical histories, including hypertension, diabetes, coronary heart
disease, atrial fibrillation, and transient ischemic attack (TIA), were meticulously recorded. All data were obtained by the
admitting physician through face-to-face interviews and reviewing electronic medical records upon patient admission.
Furthermore, two neurologists certified by the Chinese Stroke Society independently completed the NIHSS assessment
within 6 hours of admission. If the difference between their scores exceeded 2 points, a third senior physician rechecked
the results. The NIHSS scores range from 0 (no symptoms) to 42 (severe neurological deficits). Based on the scores,
patients were categorized into three groups: mild neurological deficits (NIHSS score 1-4), moderate neurological deficits
(NIHSS score 5-14), and severe neurological deficits (NIHSS score >15). Finally, biochemical measurements were
conducted for all patients. On the morning following patient admission, fasting venous blood samples (3 mL) were
collected from each patient for subsequent biochemical parameter testing. D-dimer Testing Standardization: The entire
testing process followed the standards set by the International Society on Thrombosis and Haemostasis (ISTH). Prior to
each batch of tests, internal quality control was conducted using the appropriate quality control materials (Sysmex CS-
5100-specific quality control liquid, batch number 2021-REF-05), ensuring the coefficient of variation (CV) was <5%.

Statistical Analysis

Statistical analyses were performed using the SPSS software version 26.0 (IBM Corp., Armonk, NY, USA). First,
descriptive statistical analysis was conducted for all patients’ baseline data. Continuous variables were expressed as mean
+ standard deviation (SD), or median and interquartile range if the data distribution was non-normal. Categorical
variables were expressed as frequencies (n) and percentages (%). Spearman correlation coefficient was used for non-
parametric correlation analysis to evaluate the correlation between D-dimer levels and NIHSS scores. For comparisons
between two or more groups, appropriate test methods were selected based on the distribution characteristics of the data.
Independent sample #-tests were used for normally distributed continuous variables, while Mann—Whitney U-tests were
used for non-normally distributed data. Between-group comparisons of categorical variables were conducted using chi-
square tests or Fisher’s exact tests.Variable selection for regression followed STROBE guidelines: 1) Clinically
established risk factors (age, NIHSS, etc.) were forced into the model; 2) Other variables required P<0.2 in univariate
analysis for inclusion. Final model diagnostics showed Hosmer-Lemeshow P=0.32 indicating good fit. To explore the
impact of D-dimer levels and other potential risk factors on poor prognosis, a multivariable logistic regression model was
employed. In the multivariate logistic regression model, in addition to D-dimer and NIHSS scores, further adjustment
was made for potential confounding factors that could affect prognosis, including NIHSS admission score, age, atrial
fibrillation, history of transient ischemic attack (TIA), gender, smoking, drinking, diabetes, hypertension, and BMI. The
significance level for all statistical tests was set at 0.05, and P < 0.05 was considered statistically significant.

Sample justification: Based on preliminary pilot data (a = 0.05, = 0.20), the expected effect size of D-dimer on
prognosis was set at an OR = 2.5. Using PASS 15.0 software, the required minimum sample size was calculated to be 98
cases. A total of 112 cases were ultimately included in this study, providing a statistical power of 82%, which meets the
analysis requirements.

Results

Analysis of Patient Baseline Characteristics

Table 1 describes the baseline characteristics of elderly patients with cerebral infarction in this study. The mean age of the
poor prognosis group was 76.90 years, significantly higher than that of the good prognosis group, which was 72.10 years
(P < 0.05). There was no significant difference in gender distribution between the two groups (P = 0.108). The average
BMI of the poor prognosis group was 27.36 kg/m?, significantly higher than that of the good prognosis group, which was
25.38 kg/m?. Smoking and drinking habits also showed statistical significance between the two groups (smoking: P =
0.015; drinking: P = 0.022), with a higher proportion of smokers and drinkers in the poor prognosis group. Regarding
medical history, the distribution of hypertension, diabetes, and coronary heart disease did not reach statistical significance
between the two groups. However, the history of atrial fibrillation and transient ischemic attack (TIA) was significantly
higher in the poor prognosis group (atrial fibrillation: P = 0.025; history of TIA: P = 0.016). The NIHSS score upon
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Table | Baseline Characteristics of Patients

Variable Good Prognosis Poor Prognosis thy? P
Group (n=52) Group (n=60)
Age (years) 72.10 + 6.88 76.90 £ 7.10 4216 <0.001
Gender
Male [n(%)] 28 (53.85%) 36 (60.00%) 2.576 0.108
Female [n(%)] 24 (46.15%) 24 (40.00%)
BMI (kg/m?) 25.38 £ 3.30 27.36 + 3.62 3.370 0.001
Smoking [n(%)] 15 (28.85%) 30 (50.00%) 5.982 0.015
Drinking [n(%)] 12 (23.08%) 26 (43.33%) 5.236 0.022
Hypertension [n(%)] 32 (61.54%) 46 (76.67%) 3.110 0.078
Diabetes [n(%)] 12 (23.08%) 22 (36.67%) 2.960 0.085
Coronary Heart Disease [n(%)] 10 (19.23%) 19 (31.67%) 2.981 0.084
History of TIA [n(%)] 6 (11.54%) 18 (30.00%) 5.776 0.016
Atrial Fibrillation [n(%)] 5 (9.62%) 15 (25.00%) 5.019 0.025
NIHSS Score at Admission 6.85 + 3.62 12.90 + 6.88 6.123 <0.001
D-Dimer Level (ug/mL) 0.65 + 0.38 1.05 + 0.48 5.327 <0.001

admission showed significant differences between the two groups (P < 0.001), with a score of 6.85 + 3.62 in the good
prognosis group, significantly lower than that of 12.90 £ 6.88 in the poor prognosis group. D-dimer levels also showed
significant differences between the two groups (P < 0.001), with an average level of 1.05 £ 0.48 in the poor prognosis
group, higher than that of 0.65 + 0.38 in the good prognosis group.

Descriptive Statistics of NIHSS Scores and D-Dimer Levels

Based on the NIHSS scores, all patients were divided into categories of mild, moderate, and severe neurological deficits.
The average D-dimer level for patients with mild neurological deficits was 0.49 + 0.10 pg/mL. For patients with
moderate neurological deficits, the average D-dimer level was 0.88 + 0.25 pg/mL. Patients with severe neurological
deficits had an average D-dimer level of 1.45 £ 0.35 pg/mL. The between-group F-value was 62.15, with P < 0.001,
indicating significant differences in D-dimer levels among patients with different degrees of neurological deficits, as
shown in Table 2.

Correlation Analysis Between NIHSS Scores and D-Dimer Levels
There is a significant positive correlation between NIHSS scores and D-dimer levels (Spearman r = 0.58, P < 0.001), as
shown in Table 3.

Table 2 Descriptive Statistics of NIHSS Scores and D-Dimer Levels

Variable Number of Patients (n) | NIHSS Score | D-Dimer Level (ug/mL)
Mild (NIHSS 1-4) 34 294 £ 0.76 0.49 £ 0.10

Moderate (NIHSS 5-14) | 45 9.76 + 2.89 0.88 £ 0.25

Severe (NIHSS 215) 33 1821 +2.63 1.45 £ 0.35

F - - 87.32

P - < 0.001 < 0.001

Table 3 Results of Spearman Correlation Analysis

Variable Correlation Coefficient (r) | P

D-dimer level and NIHSS score | 0.58 <0.001
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Table 4 Results of Multivariable Logistic Regression Analysis (Adjusted
for Gender, Smoking, Drinking, Diabetes, Hypertension, BMI)

Variable B Wald x> | OR | 95% CI P
D-Dimer Level 0.63 6.14 1.89 | 1.15-3.08 | 0.012
NIHSS Admission Score | 0.21 8.97 1.23 | 1.10-1.37 | <0.001
Age 0.05 6.08 1.05 | 1.01-1.09 | 0.015
Atrial Fibrillation 0.90 12.44 247 | 1.59-3.84 | <0.001
TIA History 0.57 8.6l 1.76 | 1.21-2.56 | 0.003
Gender 0.20 0.90 1.21 | 0.82-1.78 | 0.345
Smoking 0.11 0.29 1.12 | 0.74-1.69 | 0.584
Drinking —0.06 | 0.10 0.94 | 0.63—-1.40 | 0.755
Diabetes 0.13 0.44 I.14 | 0.77-1.69 | 0.516
Hypertension —0.02 | 0.01 0.98 | 0.66—1.45 | 0.922
BMI 0.03 1.02 1.03 | 0.97-1.10 | 0.336

Table 5 Results of ROC Curve Analysis

Measurement Measurement | 95% Confidence Interval

AUC (Area Under Curve) 0.76 0.67-0.85
Sensitivity (Optimal Cut-off Point) | 72%
Specificity (Optimal Cut-off Point) | 74%

Multivariable Logistic Regression Analysis

Variables for multivariable logistic regression were selected through a two-step process: (1) Univariate screening with
P<0.2 (The full list of variables, including gender, smoking, and others); (2) Clinical relevance based on prior stroke
studies.'' Final model included 11 covariates as shown in Table 4. The multivariable logistic regression analysis reveals
that for every 1 pg/mL increase in D-dimer levels, there is an 89% increase in the risk of poor prognosis for patients (OR
=1.89, 95% CI: 1.15-3.08, P = 0.012). Additionally, NIHSS scores, age, history of atrial fibrillation (AF), and history of
transient ischemic attack (TIA) are also independent risk factors for poor prognosis (P < 0.05), as shown in Table 4.

ROC Curve Analysis to Evaluate the Effectiveness of D-Dimer Levels in Predicting

Poor Prognosis in Elderly Patients with Cerebral Infarction
The area under the ROC curve (AUC) for predicting poor prognosis based on D-dimer levels is 0.76 (95% CI:
0.67-0.85), with a sensitivity of 72% and specificity of 74%, as shown in Table 5.

Discussion
With increasing age, elderly individuals experience gradual decline in physiological functions, often accompanied by
various underlying conditions such as diabetes, hypertension, and hyperlipidemia.'' As age advances, the incidence and
mortality risk of cerebral infarction gradually increase, thereby adding to the burden of social healthcare.'*'® Relevant
studies indicate that elderly patients are more prone to impaired limb motor function following illness compared to
younger patients, significantly affecting their ability to perform activities of daily living. Thus, preventive and therapeutic
measures tailored to the elderly population are particularly crucial.'*'>

This study demonstrated that elevated D-dimer levels are independently associated with adverse prognosis in elderly
cerebral infarction patients (OR=1.89, 95% CI 1.15-3.08). These findings extend previous biomarker research by
specifically highlighting age-related pathophysiology. This disparity may stem from age-related endothelial dysfunction
and impaired fibrinolytic regulation, suggesting that D-dimer elevation in older adults reflects both thrombotic burden
and systemic vascular aging. Our findings are consistent with previous research that also highlights the prognostic value
of D-dimer in stroke patients. For instance, Yuan et al’s study'® suggests that an increase in D-dimer levels is associated
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with an increased risk of overall stroke and ischemic stroke, but not with the risk of hemorrhagic stroke. Additionally,
elevated D-dimer levels are associated with increased risk of all-cause mortality, recurrence within 5 days, and functional
disability within 90 days. Another study by Zi et al'> found a significant correlation between increased D-dimer levels
and the severity of stroke (based on NIHSS scores) and increased infarct volume.

The observed D-dimer/NIHSS correlation aligns with emerging evidence of thromboinflammatory mechanisms in
stroke progression. Elevated D-dimer may not only indicate hypercoagulability but also serve as a surrogate for silent
microthrombosis and blood-brain barrier disruption — processes exacerbated by comorbidities like diabetes prevalent in
elderly populations.'” This dual role could explain its superior prognostic performance (AUC=0.76) over traditional
inflammatory markers like CRP, particularly when combined with NIHSS in multimodal prediction (AUC=0.82).
Clinically, integrating D-dimer into existing risk stratification protocols could enable: Early identification of high-risk
patients for intensified anticoagulation monitoring; Personalized rehabilitation planning through BMI-stratified interven-
tions (threshold: >27.36 kg/m?); Dynamic treatment adjustment via serial D-dimer measurements during follow-up.

Age, atrial fibrillation (AF), and history of transient ischemic attack (TIA) have also been confirmed as independent
risk factors for adverse prognosis. Elderly patients often have multiple chronic diseases and physiological decline, which
may explain why advanced age is an important predictor of poor prognosis. AF, as a pathological factor for cerebral
infarction, increases the risk of stroke by forming cardioembolic thrombi, potentially leading to more severe neurological
deficits. TIA history has been identified as an independent risk factor for cardiovascular disease in multiple studies. Li
et al’s study'® showed that older AF patients have poorer prognosis during the early recovery phase of cerebral infarction,
with a 1.031-fold increase in the risk of adverse prognosis for each additional year. While confirming atrial fibrillation
and TIA history as independent risk factors, our findings challenge the assumption that age alone drives poor outcomes.
Multivariable analysis revealed that D-dimer remained predictive even after adjusting for age (f=0.41, p<0.01), implying
modifiable thrombotic pathways exist even in advanced age. This contrasts with Loffredo et al’s'® emphasis on
homocysteine, suggesting complementary biomarker panels may be needed for comprehensive risk assessment.

This study has several limitations. First, as a single-center retrospective design, it may introduce regional selection
bias, and future multi-center prospective cohort studies are needed for validation. Second, although we adjusted for major
confounders, we did not systematically record medications affecting coagulation, such as anticoagulants, which could
have influenced D-dimer measurements and prognosis. Additionally, competing risks from comorbidities, like cancer,
were not analyzed, which could impact the interpretation of our findings. Furthermore, unmeasured factors such as
genetic predisposition (eg, F5 Leiden mutation) and socioeconomic status may partially account for the observed
outcome variances.

Conclusion

In summary, D-dimer and NIHSS scores are important indicators for assessing the severity of neurological deficits and
prognosis in elderly patients with cerebral infarction. The combined use of these biomarkers and clinical scores can
provide a scientific basis for risk stratification and management of patients. Future research should focus on the
application effectiveness of these indicators in different populations and optimization strategies in clinical practice to
further improve prognosis assessment and treatment outcomes for stroke patients. Additionally, further research should
explore how to reduce adverse prognosis in high-risk patients through early intervention and how to use these biomarkers
and scoring systems to guide the development of personalized treatment plans.

Disclosure
The author declares no conflicts of interest in this work.
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