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Purpose: This study examined native platelet function in very elderly patients (≥80 years) not receiving antiplatelet or anticoagulant 
therapy, its correlation with routine laboratory parameters, and factors associated with poor 90-day outcomes.
Methods: This retrospective cohort study included 94 very elderly inpatients (80–89 years, n=50; ≥90 years, n=44). Patients on 
antiplatelet, anticoagulant, or glucocorticoid therapy within 7 days before admission were excluded. Baseline data, laboratory 
parameters—including ADP- and AA-induced aggregation, platelet count, and 90-day outcomes were collected. Adverse clinical 
outcomes occurred in 13 patients during this period. Spearman correlation and Firth penalized logistic regression were used.
Results: No differences were found between age groups in platelet count or aggregation rates (all P > 0.05). Prothrombin time was 
longer in the ≥90 group (13.32±1.31 vs. 12.08±1.63 s, P < 0.001). Platelet function showed no meaningful correlation with white blood 
cell count, hemoglobin, or fibrinogen (|r| < 0.2, all P > 0.05). Among the 94 patients, 13 had poor outcomes. In Firth regression, neither 
age ≥90 years (OR=2.86, 95% CI: 0.85–9.62, P=0.090) nor coronary heart disease (OR=1.61, 95% CI: 0.50–5.21, P=0.424) reached 
statistical significance. The model’s area under the ROC curve was 0.657 (bias-corrected 0.640).
Conclusion: In this cohort of very elderly patients not on antiplatelet or anticoagulant therapy, native platelet function did not differ 
between octogenarians and nonagenarians and showed no correlation with routine hematological parameters. No statistically 
significant predictor of poor 90-day outcomes was identified. The small number of outcome events (n=13) limits statistical power, 
so these findings should be considered exploratory. Larger prospective studies are needed to validate these findings.
Keywords: very elderly, platelet aggregation, platelet function, clinical outcome, risk factor

Introduction
Global population aging has accelerated over the past decades. Individuals aged 80 years and older now represent the 
fastest-growing demographic segment worldwide.1 This shift creates challenges for clinical management and prognostic 
assessment, as very elderly patients often have multiple comorbidities, reduced physiological reserve, and altered 
responses to treatment.2

Platelets are central to hemostasis and thrombosis. Their aggregation function is closely linked to cardiovascular and 
cerebrovascular diseases, the leading causes of death and disability in older populations.3 Aging brings structural and 
functional changes to platelets, but studies on age-related alterations in platelet function have yielded inconsistent results, 
especially in those aged 90 years and older.4,5 Aging is associated with chronic low-grade inflammation, endothelial 
dysfunction, and remodeling of hematopoietic stem cells. These changes may alter platelet production and function. 
Previous studies reported conflicting findings on platelet reactivity in the elderly, possibly due to differences in 
comorbidities, medication use, and survival bias.

Most existing research on native platelet function and clinical outcomes has focused on middle-aged and younger 
elderly patients with established cardiovascular disease, many of whom were on antiplatelet drugs. Consequently, 
dedicated investigations targeting very elderly individuals aged ≥80 years remain scarce. This population is characterized 
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by multiple comorbidities, age-related organ dysfunction, and complex medication regimens, which are the factors that 
may modify platelet function and its relationship with clinical outcomes in ways distinct from younger cohorts.5,6

This study compared platelet function between patients aged 80–89 years and those aged ≥90 years, examined its 
correlation with routine laboratory parameters, and identified factors associated with poor 90-day outcomes by integrat
ing platelet measures with clinical characteristics. Our goal was to characterize platelet function in this population and 
assess its prognostic value to support individualized clinical decision-making.

Materials and Methods
Study Population
This retrospective cohort study enrolled 94 very elderly patients admitted to the Department of Geriatrics at our hospital 
between January 2022 and December 2024.

Inclusion criteria were: (1) age ≥80 years at admission; (2) complete clinical data, laboratory results, and follow-up 
information; (3) voluntary participation with written informed consent provided by the patient or a legal surrogate.

Exclusion criteria were: (1) hematological disorders, immune-mediated diseases, or active malignancies that could 
affect platelet function; (2) use of antiplatelet agents, anticoagulants, or glucocorticoids within 7 days prior to admission; 
(3) severe hepatic or renal dysfunction (serum creatinine >265 μmol/L or Child-Pugh class C); (4) acute infectious 
diseases, major trauma, or surgery within 30 days before admission; (5) incomplete data or loss to follow-up.

The study was approved by the Medical Ethics Committee of The Second Hospital of Tianjin Medical University 
(Approval No. KY2026K253) and conducted in accordance with the Declaration of Helsinki.

Data Collection
Clinical data were retrieved from the hospital electronic medical record system, including age, sex, and comorbidities. 
Diagnoses of hypertension, diabetes mellitus, and coronary heart disease were made following established clinical 
guidelines, smoking history (≥1 cigarette daily for >1 year), alcohol consumption (≥50 mL liquor daily for >1 year), 
and vital signs (systolic and diastolic blood pressure).

Definitions:7–10

Hypertension: systolic blood pressure ≥140 mmHg and/or diastolic blood pressure ≥90 mmHg on at least two 
occasions, or current use of antihypertensive medication (2018 Chinese Guidelines for the Management of 
Hypertension).

Diabetes mellitus: fasting plasma glucose ≥7.0 mmol/L, HbA1c ≥6.5%, or current glucose-lowering therapy (2020 
Chinese Diabetes Society guidelines).

Coronary heart disease (CHD): prior myocardial infarction, coronary revascularization, or angiographic evidence of 
≥50% stenosis in a major epicardial artery, according to the 2019 ESC Guidelines for the diagnosis and management of 
chronic coronary syndromes and the 2018 Chinese Guidelines for the diagnosis and treatment of acute myocardial 
infarction.

Laboratory parameters were obtained from the first fasting blood sample after admission, including white blood cell 
count (WBC), hemoglobin (Hb), prothrombin time (PT), fibrinogen (FIB), platelet count (PLT), and ADP- and 
AA-induced platelet aggregation rates. Complete blood cell counts were tested using the BC-7500(NR) analyzer 
produced by Mindray in China. Coagulation function was detected with the STA Compact Max Evolution analyzer 
from Diagnostica Stago, France. Platelet aggregation induced by ADP and AA was examined by the Aggregation Remote 
Analyzer of Helena Company in the United States.11 All assays were completed within 2 hours of blood collection.

We selected WBC, Hb, and FIB because these are widely used clinical indicators. White blood cell count serves as an 
inflammatory biomarker, hemoglobin reflects oxygen-carrying capability and anemia status, while fibrinogen acts as 
a core coagulation protein and acute-phase reactant. These indicators were pre-selected given their wide clinical 
applicability, well-documented correlations with adverse clinical events in older populations, as well as their potential 
confounding and interactive effects on platelet function. Further analyses of other biomarkers may be conducted in 
subsequent investigations.
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Outcome Assessment
All patients underwent 90-day follow-up through telephone interviews and outpatient visits. Clinical outcomes were 
categorized as good or poor. Poor outcome was defined as any of the following within 90 days: all-cause mortality; severe 
disability (Barthel Index <60) resulting from cardiovascular or cerebrovascular events; or hospital readmission due to major 
adverse cardiovascular and cerebrovascular events (MACE), including acute myocardial infarction, ischemic stroke, or heart 
failure. Good outcome was defined as the absence of these events with stable or improved clinical status.

Statistical Analysis
Statistical analyses were performed using SPSS 26.0 and R 4.1.0. Normally distributed continuous variables are 
presented as mean ± standard deviation and were compared between groups using independent samples t-tests. 
Categorical variables are expressed as frequencies (n, %) and were compared using chi-square tests or Fisher’s exact 
tests, as appropriate.

Given the modest sample size, Spearman rank correlation analysis was used to examine relationships between platelet 
function indices (ADP, AA, PLT) and routine laboratory parameters (WBC, Hb, FIB). Correlation coefficients (r) and 
corresponding P-values are reported.

Because only 13 outcome events occurred among 94 patients, we used Firth penalized logistic regression to reduce 
small-sample bias. Variables with P<0.2 in univariate analysis (age group, sex, diabetes, CHD, ADP, AA, PLT) were 
considered, but to avoid overfitting we retained only age group and CHD in the final model. Results are presented as odds 
ratios (OR) with 95% confidence intervals (CI). Model discrimination was assessed by the area under the receiver 
operating characteristic curve (AUC) with optimism correction using 200 bootstrap resamples. A two-tailed P<0.05 was 
considered statistically significant.

Results
Baseline Characteristics
A total of 94 very elderly patients were enrolled, 50 aged 80–89 years and 44 aged ≥90 years (57.4% male). Baseline 
characteristics are shown in Table 1. The two groups differed significantly only in age (95.16 ± 3.09 vs. 84.90 ± 2.73, 
P<0.001) and prothrombin time (13.32±1.31 vs. 12.08±1.63 s, P<0.001). No significant differences were observed in 
systolic or diastolic blood pressure, white blood cell count, hemoglobin, fibrinogen, platelet count, ADP-induced 
aggregation, or AA-induced aggregation (all P>0.05). The ≥90 years group had a higher proportion of men (65.9% vs. 
50.0%) and a lower prevalence of diabetes (15.9% vs. 32.0%), but neither difference was statistically significant. 
Hypertension, coronary heart disease, smoking, and alcohol use were similar between groups. 13 patients (13.8%) had 
poor outcomes: 4 (8.0%) in the 80-89 years group and 9 (20.5%) in the ≥90 years group (P=0.148).

Platelet Function Across Age Groups
No significant differences were found between the two age groups in ADP-induced aggregation (P=0.655), AA-induced 
aggregation (P=0.891), or platelet count (P=0.377) (Figure 1). These findings suggest that within this very elderly population 
(≥80 years), further aging is not associated with systematic changes in platelet number or aggregation capacity.

Correlations with Routine Laboratory Parameters
Spearman correlation analysis was performed to examine relationships between platelet function indices and routine 
hematological parameters. As shown in Figure 2, all correlation coefficients were of small magnitude (|r| < 0.2) and none 
reached statistical significance (all P > 0.05). These results indicate that in very elderly patients, platelet function operates 
independently of basic hematological and coagulation profiles.

Risk Factors for Poor Clinical Outcomes
Given the small number of outcome events (n=13), we used Firth penalized logistic regression to reduce estimation bias. 
Univariate screening identified several variables with P<0.2 (age group, sex, diabetes, coronary heart disease, ADP, AA, 
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and platelet count). However, to avoid overfitting, the final model included only two clinically relevant predictors: age 
group (≥90 vs. 80-89 years) and coronary heart disease.

As shown in Table 2 and Figure 3, neither age ≥90 years (OR=2.86, 95% CI: 0.85–9.62, P=0.090) nor coronary heart 
disease (OR=1.61, 95% CI: 0.50–5.21, P=0.424) reached statistical significance. Platelet function indices were not 
retained in the final model due to the event-per-predictor constraint.

The model’s discriminative ability was modest. The area under the ROC curve was 0.657 (95% CI: 0.512–0.802), and 
after bootstrap correction for optimism, the bias-corrected AUC was 0.640 (Figure 4). These results suggest that the 
combination of age and coronary heart disease provides only weak-to-moderate prognostic information in this cohort.

Table 1 Baseline Clinical and Laboratory Characteristics by Age Group

Characteristic 80-89 Years (n=50) ≥90 Years (n=44) t/χ2 P-value

Age, years 84.90 ± 2.73 95.16 ± 3.09 −17.02 <0.001
Male, n (%) 25 (50.0) 29 (65.9) 2.058 0.178

Hypertension, n (%) 45 (90.0) 38 (86.4) 0.192 0.821

Diabetes, n (%) 16 (32.0) 7 (15.9) 3.215 0.116
CHD, n (%) 21 (42.0) 15 (34.1) 0.339 0.566

Smoking, n (%) 7 (14.0) 5 (11.4) 0.010 0.942

Alcohol, n (%) 9 (18.0) 4 (9.1) 1.062 0.343
Poor outcome, n (%) 4 (8.0) 9 (20.5) 2.132 0.148

SBP, mmHg 155.40±20.51 158.52±24.00 −0.67 0.502
DBP, mmHg 88.84 ± 11.77 89.89 ± 10.21 −0.46 0.648

WBC,×109/L 7.45 ± 1.61 7.83 ± 1.68 −1.12 0.260

Hb, g/L 124.28±17.57 125.55±15.99 −0.36 0.717
PT, s 12.08 ± 1.63 13.32 ± 1.31 −4.05 <0.001

FIB, g/L 3.14 ± 0.85 3.16 ± 0.84 −0.15 0.883

ADP aggregation, % 62.17 ± 15.83 63.47 ± 12.10 −0.45 0.655
AA aggregation, % 60.45 ± 13.43 60.80 ± 10.79 −0.14 0.891

PLT, ×109/L 216.30±49.97 225.80±53.22 −0.88 0.377

Note: Data are presented as mean ± SD or n (%). 
Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; WBC, white blood cell count; 
Hb, hemoglobin; PT, prothrombin time; FIB, fibrinogen; ADP, adenosine diphosphate; AA, arachidonic acid; 
PLT, platelet count; CHD, coronary heart disease.
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Figure 1 Comparison of platelet function indices between age groups (n=50 for 80-89 years, n=44 for ≥90 years). (A) ADP-induced platelet aggregation rate; (B) AA- 
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differences were observed between groups (all P>0.05).
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Discussion
This study characterized native platelet function in very elderly patients aged ≥80 years not taking antiplatelet or 
anticoagulant drugs. Several findings merit discussion.

Platelet Function Stability in the Very Elderly
We found no difference in ADP- or AA-induced aggregation between the 80-89 years group and the ≥90 years group. 
This suggests that within the ≥80 years population, further aging does not systematically alter native platelet aggregation. 
One explanation is that major age-related changes may occur before age 80. Another is that chronic low-grade 
inflammation, common in this age group, may chronically activate platelets and mask further decline.12 Survival bias 
could also play a role, as individuals who reach age 90 or older may have inherently robust platelet function. Prothrombin 
time was significantly prolonged in the ≥90 years group, consistent with prior reports,13,14 indicating mild coagulopathy 
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Table 2 Firth Penalized Logistic Regression Analysis of 
Factors Associated with Poor 90-day Clinical 
Outcomes

Variable OR 95% CI P-value

Age (≥90 vs. 80–89 years) 2.86 0.85–9.62 0.09
CHD 1.61 0.50–5.21 0.424

Notes: The model was fitted using Firth’s penalized maximum like
lihood estimation to reduce small-sample bias. P values are derived 
from penalized likelihood ratio tests. 
Abbreviations: CHD, coronary heart disease. OR, odds ratio; CI, 
confidence interval.
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likely due to reduced hepatic synthesis. This finding suggests that the oldest old may have a mildly increased bleeding 
risk, warranting caution when considering antithrombotic therapy.

Independence of Platelet Function from Routine Parameters
The lack of correlation between platelet function indices and WBC, Hb, or fibrinogen differs from patterns 
observed in younger populations, where inflammatory markers and fibrinogen often correlate positively with 
platelet aggregation.9,15 In younger individuals, inflammation activates platelets and promotes aggregation, 
creating measurable correlations between platelet function and inflammatory markers.16 In the very elderly, 
however, age-related dysregulation of physiological systems may disrupt these relationships. The aging of 
hematopoiesis and its microenvironment leads to complex remodeling of hematopoietic stem cells and immune 
cells, making their regulatory pathways increasingly independent and their outputs less predictable from indivi
dual parameters.13 In very elderly individuals, the link between systemic inflammation and platelet reactivity is 
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Figure 3 Forest plot of factors associated with poor clinical outcomes. Horizontal lines represent 95% confidence intervals; black squares represent odds ratios. The 
vertical dashed line indicates the null value (OR=1). Factors with confidence intervals crossing the reference line are not statistically significant.
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Figure 4 ROC curve of the simplified model (age group + coronary heart disease) for predicting poor clinical outcomes. The solid line represents the model. Area under 
the curve (AUC) = 0.657 (95% CI: 0.512–0.802); bias-corrected AUC = 0.640. The dashed diagonal line represents the reference line (AUC = 0.5).
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modified by multiple factors, including cumulative burden of comorbidities, polypharmacy, and genetic back
ground, thereby obscuring simple linear correlations. Our findings suggest that in very elderly patients, platelet 
function should be considered a relatively independent biological domain rather than a simple reflection of 
systemic inflammatory or hematological status.

Predictors of Poor Clinical Outcomes and Model Performance
Neither age ≥90 years nor coronary heart disease reached statistical significance in the multivariable analysis, 
with odds ratios of 2.86 (95% CI: 0.85–9.62, P=0.090) and 1.61 (95% CI: 0.50–5.21, P=0.424), respectively. The 
wide confidence intervals reflect limited statistical power due to the small sample size and low number of 
outcome events (n=13).

Coronary heart disease is well established as a major determinant of prognosis in older adults, contributing to 
myocardial ischemia, heart failure, and arrhythmic complications.9 The oldest old (≥90 years) represent a uniquely 
vulnerable population characterized by multisystem physiological decline, reduced physiological reserve, and heightened 
susceptibility to complications from intercurrent illnesses.14 The combination of advanced age and cardiovascular 
comorbidity may synergistically increase risk, consistent with frailty concepts emphasizing the cumulative burden of 
deficits.16

Unlike previous studies in middle-aged and younger elderly patients with acute coronary syndromes, where 
heightened platelet reactivity predicts adverse events,15,16 we found no independent association between native platelet 
function indices and clinical outcomes in this cohort. Several factors may explain this difference. Our patients were 
stable and community-dwelling, so platelet function may be less variable and offer less prognostic value than in 
acutely ill populations. Outcomes in the very elderly are shaped by a complex interplay of factors such as organ 
function, comorbidity burden, nutritional status, and polypharmacy, with platelet function likely playing a minor role.17 

By design, patients on antiplatelet agents were excluded from this study, so our findings reflect native platelet function, 
whereas most cardiovascular cohorts include treated patients whose on-treatment platelet reactivity is measured. 
Additionally, the composite outcome combining mortality, severe disability, and readmission may have diluted the 
predictive value of platelet function, which might be more closely tied to thrombotic events than to disability or heart 
failure readmissions.

Our initial 7-predictor model was overfitted given only 13 events. After simplifying to two predictors and using Firth 
regression, the AUC dropped to 0.657 (bias-corrected 0.640), indicating only weak-to-moderate discrimination. 
Therefore, we do not claim clinical utility for this model.

Limitations
This study has several limitations. The single-center retrospective design and small sample size (94 patients, 13 
events) limited statistical power, as reflected in wide confidence intervals. The 90-day follow-up may be too 
short to capture longer-term prognosis. We did not account for potential use of SSRIs or NSAIDs, which can 
affect platelet function and may represent unmeasured confounders. Our assessment of platelet function was 
confined to conventional aggregation measures; we did not assess in vivo activation markers (eg, P-selectin). The 
study population consisted of relatively stable, community-dwelling individuals, so findings may not generalize 
to acutely ill, institutionalized, or frail very elderly patients. Lack of external validation means our model’s 
performance cannot be confirmed. Larger prospective multicenter cohorts with extended follow-up are needed to 
validate our findings. Future studies should incorporate comprehensive geriatric assessments (frailty, cognitive 
function, nutritional status) and serial measurements of platelet function, as well as a broader panel of platelet 
assays and inflammatory markers.

Conclusion
In this cohort of very elderly patients not on antiplatelet or anticoagulant therapy, native platelet function did not differ 
between octogenarians and nonagenarians and showed no correlation with routine hematological parameters. No 
statistically significant predictor of poor 90-day outcomes was identified. The small number of outcome events (n=13) 
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limits statistical power, so these findings should be considered exploratory. Larger prospective studies are needed to 
validate these findings.
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