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Background: Societal aging – as a global demographic phenomenon – shows no indication of abating. As a result, the problem of 
age-associated disability and related long-term care is emerging as a major public health challenge. It is important that methods for 
identifying older adults at risk of adverse outcomes are implemented early.
Methods: The study group consisted of 145 individuals, 44.1% women, who were randomized from community-dwelling 60–74-year 
-old adults. A comprehensive geriatric assessment was supplemented with Fried frailty phenotype evaluation and blood tests 
(including adhesion molecules, matrix metalloproteinases and neurotrophic factors). A follow-up by phone call was made for at 
least 3 years after the initial examination. Composite endpoint (CE) included falls, hospitalization, institutionalization and death.
Results: Mean study group age was 66.5 ± 4.1 years (X�SD) and mean number of diseases was 3.7 ± 2.2. Functional status of the 
subjects was good, as indicated by high Barthel Index scores of 99.1 ± 2.4, MMSE scores of 29.0 ±1.5 and no frailty case. During 
a three-year follow-up, 71 participants (49.0%) experienced any CE-events. The Wilcoxon-Gehan test indicates that a higher 
probability of three-year CE completion was associated with an age >65 years (P = 0.006), coronary artery disease (CAD) (P = 
0.008), 6-Minute Walk Test <432 m (P = 0.034), serum glucose >120 mg/dL (P = 0.047), serum cortisol >10 μg/dL (P = 0.011), leptin 
≥15 ng/mL (P = 0.018), P-selectin ≥23 ng/mL (P = 0.006) and GDNF ≥20 pg/mL (P = 0.004). CAD (OR = 3.64, 95% CI = 1.53−8.69, 
P = 0.004), educational status (OR = 0.87, 95% CI = 0.77−0.98, P = 0.022) and P-selectin levels (OR = 1.07, 95% CI = 1.02−1.13, P = 
0.013) were independent measures predicting three-year CE occurrence in multivariate logistic regression analysis adjusted for clinical 
and functional measures, and blood tests.
Conclusion: Coronary artery disease, poorer lower educational status and higher P-selectin levels were predictive of adverse 
outcomes in the community-dwelling healthy-aging early-old adults during three-year follow-up.
Keywords: comprehensive geriatric assessment, frailty phenotype, community-dwelling older adults, healthy aging, adverse events, 
coronary artery disease, education, P-selectin

Introduction
Elderly populations have been disproportionately affected by the COVID-19 pandemic.1 However, societal aging – a global 
demographic phenomenon – shows no indication of abating. As a result, age-associated disability and long-term care are 
emerging as major public health challenges facing society.2 Therefore, there is an urgent need to develop prevention programs 
that reduce the scale of age-related disability and dependence on care. For these programs to be effective, practically useful 
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methods are needed to identify persons who are particularly at risk of adverse health events and who can significantly benefit 
from participating in these programs.3,4 Age-dependent adverse events are associated with biological rather than chronological 
age.5 Significant discrepancies between these two measures may exist in each individual older person.6,7 Unfortunately, no 
widely accepted measure of biological age and associated risk of adverse outcomes is agreed upon.5,6 Multiple studies in this 
area have been performed with regard to frailty,8–13 while less is known on the subject with regard to healthy aging.14 The most 
serious adverse health outcomes of age-associated frailty include falls, hospitalization, admission to long-term care and 
mortality.11 These complications of frailty seem to be a reasonable clinical measure of biological aging. We applied these four 
events as a combined end-point to assess the usefulness of different clinical and functional measures in predicting the three- 
year risk of significant adverse outcomes in a population of healthy aging early-old adults. It might seem inappropriate to 
combine such different events, like falls and mortality at a single composite end-point. However, falls among the elderly, even 
if non-injurious, should be considered potentially serious outcomes because they are common manifestations of underlying 
significant health disorders, and they are associated with a high risk of injuries, psychological complications (the post-fall 
syndrome, depression) social consequences (social isolation), and ultimately premature death.15,16 Among the wide spectrum 
of clinical and functional measures that were analyzed as potential candidates for prediction of adverse outcomes, we also 
considered a range of adhesion molecules, matrix metalloproteinases and neurotrophic factors. There is increasing evidence of 
their contribution to the changes related to aging and age-related morbidity. This paper is a continuation of our previous 
studies17,18 directed towards the identification of markers useful for the prediction of age-associated adverse health outcomes 
in healthy aging early-old adults, in the context of the development of efficient preventive programs.

Participants and Methods
Detailed subject enrolment, study methodology, measurements, statistical analysis and ethics statement were described in 
our previous papers.17,18

Participants
This analysis includes 145 participants (44.1% women) randomized out of 843,278 community-dwelling 60–74 years old 
inhabitants of the Silesian Voivodeship, Poland, who presented good functional status (Barthel Index score ≥85, Mini- 
Mental State Examination score ≥24, frailty excluded according to the Fried et al criteria19) and had performed extended 
laboratory tests at the initial examination.

Measurements
A comprehensive geriatric assessment that included a structured interview with analysis of past medical history, Charlson 
Comorbidity Index20 calculation, physical examination, functional assessment, blood sampling and Fried et al frailty phenotype 
assessment19 were recorded as described in our previous papers.17,18 Barthel Index of Activities of Daily Living (Barthel 
Index)21 and Instrumental Activities of Daily Living Scale (IADL)22 were used to assess functional status. Mini-Mental State 
Examination (MMSE)23 was used to assess cognitive function. Geriatric Depression Scale – Short Form (GDS-SF) was used to 
screen for depression.24 Norton Scale for pressure sore risk assessment was also used. The scale is scored from 20 points 
(minimum risk) to 5 points (maximum risk).25 To assess the overall physical capacity, the 6-Minute Walk Test (6MWT), 
measuring the maximum distance that a subject can walk in 6 minutes, was used.26,27 Tinetti Performance-Oriented Mobility 
Assessment (Performance-Oriented Mobility Assessment, POMA)28 and Timed Up and Go (TUG) test were used to assess 
both functional capacity and the risk of falls.29 Blood tests are listed in Table 1. Serum samples for leptin, adiponectin, 
intercellular adhesion molecule 1 (ICAM-1), vascular cell adhesion molecule 1 (VCAM-1), P-selectin, E-selectin, matrix 
metalloproteinase 1 (MMP-1), matrix metalloproteinase 2 (MMP-2), matrix metalloproteinase 9 (MMP-9), brain-derived 
neurotrophic factor (BDNF) and glial cell-derived neurotrophic factor (GDNF) assessment were stored at −80°C in poly-
propylene tubes and assayed in panels, using magnetic Luminex assay according to manufacturer’s instruction. Human serum 
was diluted according to manufacturer’s recommendations and assayed immediately. R&D Systems human magnetic assays 
were used. The results were read using BioRad Bio-Plex 200 System and Bio-Plex Manager 6.2 for data processing. C-reactive 
protein (CRP) was quantified by latex-enhanced immunoturbidimetric high-sensitivity CRP assay in serum samples. Patient 
examination was performed at the Department of Geriatrics of the Leszek Giec Upper-Silesian Medical Centre of the Silesian 
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Medical University in Katowice either at the hospital outpatient clinic. A phone call follow-up was made at least for 3 years 
after the initial examination. Composite endpoint (CE) included falls, hospitalization, institutionalization and death.

Statistical Analysis
Data were analyzed using Statistica version 13 (StatSoft Polska). The nonparametric Mann–Whitney U-test for 
quantitative variables, and chi-square test, V-square test or Fisher’s exact test for categorical variables were used. The 

Table 1 Cohort Laboratory Results Organized by Incidence of Composite Endpoint (Fall, Hospitalization 
Institutionalization or Death) Within 3 Years (CE – Subjects Who Met the Composite Endpoint, NCE – 
Subjects Who Did Not Meet the Composite Endpoint). Mean Values and Standard Deviations (X�SD)

Variable Whole Group n=145 CE n = 71 NCE n = 74 CE vs NCE P-value

Hemoglobin, g/dL 14.7±1.2 14.7±1.2 14.8±1.1 0.734

Red blood cells, T/L 4.79±0.44 4.78±0.47 4.80±0.42 0.735

White blood cells, G/L 6.73±2.08 6.65±1.62 6.81±2.45 0.822

Total protein, g/dL 7.42±0.39 7.43±0.39 7.41±0.39 0.954

Albumin, mg/mL 43.4±3.0 43.3±2.7 43.6±3.2 0.713

Creatinine, mg/dL 0.89±0.18 0.89±0.20 0.88±0.16 0.796

eGFR, mL/min/1,73 m2 72.7±12.6 71.7±13.2 74.1±11.9 0.270

Glucose, mg/dL 105±30 107±19 104±37 0.021

Alanine aminotransferase, IU/ 

L

24.7±15.2 26.1±19.3 23.3±9.7 0.862

Calcium, mg/dL 9.55±0.37 9.58±0.33 9.52±0.41 0.436

25-hydroxy vitamin D, ng/mL 28.2±14.1 29.8±14.3 26.8±13.8 0.125

Cortisol, µg/dL 12.5±3.7 13.2±3.8 11.9±3.6 0.040

C-reactive protein, mg/L 3.69±22.90 5.24 

±31.04

2.20±10.30 0.467

Leptin, ng/mL 16.0±19.0 18.2±18.7 13.8±19.1 0.020

Adiponectin, μg/mL 6.77±3.90 6.52±3.79 7.01±4.02 0.385

ICAM-1, ng/mL 509±366 544±390 475±341 0.218

VCAM-1, ng/mL 566±233 592±276 541±182 0.544

P-selectin, ng/mL 22.9±7.1 24.4±7.5 21.5±6.4 0.018

E-selectin, ng/mL 25.7±11.3 27.1±12.6 24.3±9.7 0.328

MMP-1, ng/mL 0.99±0.87 1.05±0.69 0.92±1.01 0.049

MMP-2, ng/mL 292±127 284±123 300±131 0.326

MMP-9, ng/mL 65.3±74.1 64.2±70.8 66.3±77.7 0.822

BDNF, ng/mL 3.10±4.38 3.37±4.58 2.84±4.20 0.496

GDNF, pg/mL 18.0±8.0 19.4±7.8 16.8±8.0 0.040

Abbreviations: ICAM-1, Intercellular Adhesion Molecule 1; VCAM-1, Vascular Cell Adhesion Molecule 1; MMP-1, Matrix 
Metalloproteinase-1; MMP-2, Matrix Metalloproteinase-2; MMP-9, Matrix Metallopeptidase 9; BDNF, Brain-Derived Neurotrophic 
Factor; GDNF, Glial Cell-Derived Neurotrophic Factor.
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Kaplan–Meier method was used to estimate three-year CE-free probability for subjects classified according to selected 
clinical and functional variables, while differences between these subgroups were assessed with the Wilcoxon-Gehan 
statistic. Spearman’s rank correlation coefficient was used to assess associations between selected variables. Multivariate 
logistic regression was used to assess measures predictive of CE occurrence. Analysis with backward elimination 
included variables with P values of 0.1 or lower in the initial univariate analysis that included age, sex, educational 
level and clinical measures listed in Table 2, functional measures listed in Table 3, and blood tests listed in Table 1. The 
total number of drugs taken orally was included in the analysis, but not the individual drugs used by the participants. 
Collinearity and redundancy of variables were eliminated before odds ratios (OR) calculation. P values <0.05 were 
considered to be statistically significant.

Ethics
The study was performed in accordance with the Declaration of Helsinki. The study protocol was approved by the 
Bioethical Committee of the Medical University of Silesia in Katowice, Poland (KNW/0022/KB1/1/14). All participants 
provided informed consent.

Results
Mean study group age was 66.5 ± 4.1 years (X�SD). The mean number of diseases or comorbidities (with predominant 
osteoarthritis and hypertension) was 3.7 ± 2.2, and the mean number of oral medications used by the participants was 3.8 
± 3.2 (Table 2). Functional status of the cohort was good, as indicated by high MMSE scores of 29.0 ± 1.5, Barthel Index 
scores of 99.1 ± 2.4 and no frailty case (Table 3).

During a three-year follow-up, 71 participants (49.0%; 95% Confidence Interval (CI) = 40.8−57.1%) experienced any 
of CE-events; 54 participants (37.2%; 95% CI = 29.4−45.1) were hospitalized, 33 participants (22.8%; 95% CI = 15.9 
−29.6) experienced falls, 1 participant died (0.7%; 95% CI = 0.0−2.0). No institutionalization was reported. Patients who 
met CE were characterized by higher age, higher coronary artery disease (CAD) morbidity (Table 2), shorter distance in 
the 6MWT (Table 3) and higher serum levels of glucose, cortisol, leptin, P-selectin, MMP-1 and GDNF (Table 1).

The Wilcoxon-Gehan test indicates that a higher probability of three-year CE completion was associated with an age 
>65 years (P = 0.006), CAD (P = 0.008), 6MTW <432 m (P = 0.034), serum glucose >120 mg/dL (P = 0.047) (Figure 1), 
serum cortisol >10 μg/dL (P = 0.011), leptin ≥15 ng/mL (P = 0.018), P-selectin ≥23 ng/mL (P = 0.006) and GDNF ≥20 
pg/mL (P = 0.004) (Figure 2).

6MTW correlated with TUG (Spearman R=−0.468; P < 0.001) and total number of diseases (R=−0.357; P < 0.001). 
Leptin correlated with body mass index (R = 0.353; P < 0.001), total body fat percentage (R = 0.456; P < 0.001), total fat 
mass (R = 0.382; P < 0.001). P-selectin correlated with MMP-1 (R = 0.593; P < 0.001), GDNF (R = 0.580; P < 0.001), 
E-selectin (R = 0.415; P < 0.001), VCAM-1 (R = 0.273; P < 0.001), BDNF (R = 0.269; P = 0.001), MMP-2 (R=−0.252; 
P = 0.002), ICAM-1 (R = 0.250; P = 0.002). GDNF, beyond P-selectin, correlated with MMP-1 (R = 0.847; P < 0.001), 
E-selectin (R = 0.676; P < 0.001), MMP-2 (R=−0.628; P < 0.001), adiponectin (R=−0.313; P < 0.001) and ICAM-1 (R = 
0.289; P < 0.001).

After eliminating collinearity and redundancy, the following variables were included in the multivariate logistic 
regression: number of completed school classes, coronary artery disease, total number of oral medications, fat-free 
mass, Tinetti POMA, Norton Scale, Fried et al frailty criterion for slowness, and P-selectin level. In this analysis, 
CAD (OR = 3.64, 95% CI = 1.53−8.69, P = 0.004), educational status (OR = 0.87, 95% CI = 0.77−0.98, P = 0.022) 
and P-selectin levels (OR = 1.07, 95% CI = 1.02−1.13, P = 0.013) appeared independent measures predicting three- 
year CE occurrence.

Subjects with CAD accounted for 26.2% of all participants. CAD was associated with an increased risk of 
hospitalization: 63.2% hospitalizations occurred in subjects with CAD (P < 0.001). 13.2% of subjects with CAD 
experienced subsequently falls (P = 0.156). CAD was associated with age (68.6 ± 4.1 years in subjects with CAD vs 
65.8 ± 3.8 in those without CAD; P < 0.001), and hypertension that coexisted in 84.2% of subjects with CAD (P < 
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Table 2 Cohort Clinical Characteristics Organized by Incidence of Composite Endpoint (Fall, Hospitalization, Institutionalization or 
Death) Within 3 Years (CE – Subjects Who Met the Composite Endpoint, NCE – Subjects Who Did Not Meet the Composite 
Endpoint). Mean Values and Standard Deviations (X�SD) for Quantitative Variables and Percentages for Categorical Variables

Variable Whole Group n=145 CE n = 71 NCE n = 74 CE vs NCE P-value

Age, years 66.5±4.1 67.4±4.1 65.7±4.0 0.013

Sex, percentage of females 44.1 46.5 41.9 0.578

Education, years 14.0±3.2 13.5±3.2 14.5±3.1 0.137

Current smokers, % 13.8 15.5 12.2 0.562

Ever-smokers, % 37.9 38.0 37.8 0.981

Regular alcohol consuming, % 46.2 40.9 51.4 0.205

Psychotropic medicines use, % 15.9 18.3 13.5 0.429

Osteoarthritis, % 75.2 77.5 73.0 0.531

Hypertension, % 60.0 63.4 56.8 0.416

Coronary artery disease, % 26.2 36.6 16.2 0.005

Diabetes, % 17.2 21.1 13.5 0.225

Depression, % 15.9 12.7 18.9 0.305

Chronic heart failure, % 13.1 12.7 13.5 0.882

Osteoporosis, % 11.7 12.7 10.8 0.728

Peripheral artery disease, % 10.3 12.7 8.1 0.728

Cancer, % 10.3 11.3 9.5 0.722

Chronic obstructive pulmonary disease, % 7.6 9.9 5.4 0.485

Asthma, % 7.6 5.6 9.5 0.578

Pack-years 10.7±17.7 9.5±15.5 11.8±19.7 0.722

Total number of diseases or comorbidities 3.7±2.2 4.1±2.2 3.4±2.1 0.067

Charlson Comorbidity Index 3.3±1.5 3.5±1.6 3.1±1.3 0.054

Total number of oral medications 3.8±3.2 4.4±3.5 3.3±2.9 0.070

Total number of oral, herbal and topical medications 
and supplements

4.3±3.7 5.0±4.0 3.7±3.2 0.079

Weight, kg 78.9±14.5 79.7±15.3 78.1±13.7 0.469

Height, m 1.67±0.09 1.66±0.09 1.68±0.09 0.454

Body mass index, kg/m2 28.1±4.0 28.6±4.4 27.6±3.7 0.130

Total body fat percentage* 29.9±8.0 30.9±8.1 29.0±7.9 0.188

Total fat mass*, kg 23.8±8.2 25.0±8.8 22.7±7.4 0.205

Fat-free mass*, kg 54.4±11.7 54.4±12.3 54.3±11.3 0.788

Total water content*, kg 40.2±8.8 40.9±9.1 40.5±8.6 0.708

Systolic blood pressure, mm Hg 141.6±19.0 142.5±20.8 140.8±17.2 0.867

(Continued)
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Table 2 (Continued). 

Variable Whole Group n=145 CE n = 71 NCE n = 74 CE vs NCE P-value

Diastolic blood pressure, mm Hg 85.6±11.1 84.4±11.6 86.8±10.5 0.210

Pulse pressure, mm Hg 56.0±15.2 58.1±16.6 54.0±13.6 0.183

Mean arterial pressure, mm Hg 104.3±12.3 103.8±13.2 104.8±11.4 0.503

Heart rate per minute 75.6±11.7 77.6±12.2 73.7±11.0 0.061

Note: *Analysis included 138 subjects, 66 subjects who met the composite endpoint (CE) and 72 subjects who did not (NCE).

Table 3 Cohort Functional Characteristics Organized by Incidence of the Composite Endpoint (Fall, Hospitalization, 
Institutionalization or Death) Within 3 Years (CE – Subjects Who Met the Composite Endpoint, NCE – Subjects Who Did Not 
Meet the Composite Endpoint). Mean Values and Standard Deviations (X�SD) for Quantitative Variables and Percentages for 
Categorical Variables

Variable Whole Group n=145 CE n = 71 NCE n = 74 EP vs NCE P-value

Mini-Mental State Examination, score 29.0±1.5 28.8±1.5 29.1±1.4 0.248

Geriatric Depression Scale - Short Form, score 3.10±2.73 3.35±2.88 2.85±2.57 0.307

Barthel Index, score 99.1±2.4 98.7±3.0 99.4±1.6 0.479

Instrumental Activities of Daily Living Scale, score 26.6±1.9 26.5±1.4 26.7±1.0 0.245

Tinetti POMA, score 27.3±1.7 26.9±2.2 27.6±0.9 0.107

Timed Get-up and Go Test, s 8.22±2.58 8.69±3.10 7.77±1.87 0.155

Norton Scale, score 19.8±0.5 19.7±0.6 19.9±0.4 0.257

6-Minute Walk Test, m 448±85 433±84 463±85 0.044

Unintentional weight loss – prevalence of positive 

Fried frailty criterion*,%

6.2 2.8 9.5 0.097

Grip strength, kg 55.3±28.9 51.8±26.8 58.6±30.6 0.212

Weakness – prevalence of positive Fried frailty 

criterion*, %

4.1 5.6 2.7 0.639

Usual pace gait speed, m/s 1.16±0.30 1.14±0.30 1.18±0.30 0.485

Slowness – prevalence of positive Fried frailty 
criterion*, %

6.2 9.7 2.7 0.150

Poor endurance; exhaustion – prevalence of positive 
Fried frailty criterion*, %

5.5 8.5 2.7 0.249

Physical activity*, Kcal/week 4597±6531 4030±4621 5141±7940 0.983

Low physical activity – prevalence of positive Fried 

frailty criterion*, %

6.9 7.0 6.8 0.795

Prevalence of prefrailty according to Fried criteria*, % 25.5 29.6 21.6 0.272

Prevalence of frailty according to Fried criteria*, % 0 0 0 1.000

Note: *According to criteria proposed by Fried et al.13
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0.001). The following diseases were significantly associated with CAD: 73.7% cases of chronic heart failure (P < 0.001), 
66.7% cases of cerebral vascular disease (P = 0.014), 66.7% cases of peripheral artery disease (P < 0.001) and 53.3% 
cases of cancer (P = 0.012).

Less than 15 years of education was associated with an increased risk of falls (P = 0.020): 78.8% of falls occurred in 
subjects with lower level of education, while this group accounted for 61.4% of all subjects. Education <≤10 years was 
associated with an increased risk of hospitalizations (P = 0.026): 20.4% of hospitalizations occurred in subjects with 
lower level of education, while this group accounted for 12.4% of all subjects. Education level correlated with raw 
MMSE score (R = 0.357, P < 0.001) and Tinetti POMA score (R = 0.173, P = 0.037).

P-selectin ≥19 ng/mL was associated with an increased risk of falls (P = 0.039): 87.9% of falls occurred in 
subjects with higher levels of this molecule, while this group accounted for 72.4% of all subjects. P-selectin ≥30 ng/ 
mL was associated with an increased risk of hospitalization (P = 0.026): 20.4% of hospitalizations occurred in 
subjects with higher levels of the molecule, while this group accounted for 12.4% of all subjects. P-selectin level 
was higher in subjects who subsequently experienced falls (25.5 ± 7.4 vs 22.2 ± 6.8 ng/mL; P = 0.032) and non- 
significantly higher in subjects who subsequently were hospitalized (24.4 ± 8.2 vs 22.1 ± 6.2 ng/mL; P = 0.136). 
P-selectin concentrations correlated with levels of the ICAM-1 (R = 0.250, P = 0.002), VCAM-1 (R = 0.273, P = 

Figure 1 Probability of CE-free survival in subjects classified according to: (A) Age, years, (B) Coronary artery disease (CAD), (C) 6-Minute Walk Test (6MWT), m, and (D) 
Glucose serum concentration, mg/dL. The composite endpoint (CE) included the following adverse events: falls, hospitalization, institutionalization and death.
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0.001), E-selectin (R = 0.415, P < 0.001), MMP-1 (R = 0.593, P < 0.001), MMP-2 (R=−0.251, P = 0.002), BDNF 
(R = 0.269, P = 0.001) and GDNF (R = 0.580, P < 0.001).

Discussion
Despite multi-morbidity and polypharmacy, the studied cohort represented a healthy ageing population, as indicated by 
good functional status. According to the WHO, healthy ageing is defined as “the process of developing and maintaining 
the functional ability that enables wellbeing in older age”.30 Being disease-free is not a requirement for the WHO 
definition of healthy ageing provided these health conditions are managed appropriately and functional capacity allows 
elder persons “to be and do what they have reason to value” (such as meeting basic needs, learning, growing and making 
decisions, being mobile, building and maintaining relationships, and contributing to society).30

Identification of persons who are most likely to benefit from early preventive interventions is important from a public 
health perspective.4,9,14 In our cohort of healthy aging individuals, measures of frailty phenotype were not predictive of 
three-year risk for the predefined composite endpoint (CE) of adverse outcomes. Other functional measures, beyond 
6-Minute Walk Test, also appeared incompetent for the screening of potentially vulnerable persons. In particular, we 
found no direct relationship between physical activity (measured with the Minnesota Leisure Time Activity 
Questionnaire which is a component of the Fried et al frailty phenotype assessment19) and the endpoint occurrence. 
This is worth noting because physical activity is an important component of the prevention of age-related cardiovascular 
disease,5 a factor determining fall risk8,15 and healthy aging.30 Fried et al frailty phenotype criteria are considered one of 

Figure 2 Probability of CE-free survival in subjects classified according to serum concentrations of: (A) Cortisol, μg/dL, (B) Leptin, ng/mL, (C) P-selectin, ng/mL and (D) Glial cell- 
derived neurotrophic factor (GDNF), pg/mL. The composite endpoint (CE) included the following adverse events: falls, hospitalization, institutionalization and death.
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two main frailty assessment instruments.11 However, the measure of physical activity being a component of these criteria 
appear not sensitive enough to detect significant differences in the risk of endpoint occurrence in the studied cohort 
characterized by good functional status. Other possible reasons for the lack of this association might be too short of 
follow-up time. Instead, we found an association between the endpoint occurrence and 6MWT which is commonly used 
as a measure of functional exercise capacity for the management of patients with moderate-to-severe pulmonary disease, 
capturing also manifestations of extra-pulmonary disorders, including cardiovascular disease, frailty, sarcopenia, cancer 
and others.31,32 Although the 6MWT distance was consistently associated with symptoms and health-related quality of 
life across different disease groups, the relationships of this test with patient-reported outcomes were of weak to moderate 
strength.33 Most of the studies in patients with chronic pulmonary diseases demonstrated that lower 6MWT distance is 
consistently associated with increased mortality, and – to a lesser extent – with hospitalization.33 An advantage of the test 
is its simplicity, safety, and that it does not require any complex equipment nor technical expertise.31 In our analysis 
6MWT negatively correlated with TUG and total number of diseases reflecting a general health status. Therefore, as our 
study indicates, 6MWT may be useful for the selection of relevant candidates for prevention of adverse outcomes in the 
healthy aging early-old cohort, although it does not appear to be an independent predictive measure in this analysis. 
Serum glucose, cortisol, leptin, MMP-1 and GDNF levels were other measures that distinguished the group of subjects 
who developed CE from those who CE did not meet, although these factors did not prove to be independent predictors of 
adverse outcomes in logistic regression analysis. These results are generally consistent with other studies. Fasting glucose 
levels of 115 mg/dL or more were associated with an increased cardiovascular risk in community-dwelling 65-year and 
older adults.34 Increased blood glucose is associated with increased mortality in elderly populations.35 Elevated levels of 
cortisol are associated with aging, frailty and age-related diseases.36 Our results concerning higher levels of leptin in 
subjects who subsequently experienced CE may seem controversial. In the Framingham Heart Study (mean age 62 years) 
higher leptin levels were associated with lower risk of incident heart failure.37 However, obesity and the aging process 
may lead to leptin resistance followed by increased leptin concentration, associated with pro-inflammatory cytokine 
production and insulin resistance that may impair muscle function.38 In the Seniors-ENRICA study (mean age 67.7 
years), higher leptin concentration was associated with increased risk of impaired physical function.38 In our analysis, 
leptin correlated positively with body mass index, total body fat percentage and total fat mass, which supports the 
conclusion of the seniors-ENRICA study. A proposed interpretation of higher levels of MMP-1 and GDNF in the group 
of subjects who experienced CE is presented below, discussing the positive correlations between MMP-1 and P-selectin, 
as well as GDNF and P-selectin.

Coronary artery disease (CAD), lower educational level and increased serum P-selectin concentration appear to be 
major predictors of CE. CAD diagnosis nearly quadrupled the risk of the CE, primarily the risk of hospitalization. CAD 
diagnosis did not significantly increase the risk of falls. An association between CAD and other cardiovascular diseases, 
as well as between CAD and cancer, was observed in our group. Aging is an important risk factor for CAD39,40 and CAD 
is one of the leading causes of morbidity and the single most common cause of death.40–43 CAD morbidity is higher in 
persons with cancer than in the general population.44 CAD and cancer share numerous risk factors and cancer patients 
carry a higher prevalence of cardiovascular risk factors than cancer-free controls.44 The predictive value of CAD for 
morbidity and mortality is well documented; however, it was not previously considered in the context of elderly patient 
CE. Promotion of healthy aging should be primarily based on long-life prevention of cardiovascular risk factors. This 
issue has a wide social context.45 Promotion of healthy lifestyle in the population from the earliest age should be 
considered the most important task of the national health policy, as it is of fundamental importance for reducing the 
burden on society with the enormous effects of morbidity and disability of the elderly.

Educational level emerged as another factor with social dimension, less significant but also independent, as 
a prognostic marker for the trajectory of aging. In our study, poorer education was associated both with increased risk 
of falls and hospitalization. As might be expected, educational level correlated with raw MMSE scores and also with fall 
risk as assessed by Tinetti POMA. The most likely explanation for these relationships seems to be the impact of 
education on health-promoting lifestyle and access to health care, although our analysis failed to demonstrate this 
because the study was not designed to analyze such relationships. Associations between educational level and risk of fall 
have been documented in several studies.46–48 Higher levels of education were associated with better cardiovascular 
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health knowledge, risk perception, intention to physical activity and to healthy diet in vulnerable communities of high- 
income countries.49 Low educational status is one socioeconomic determinant of worsening cardiovascular health in 
midlife.50 Lower educational level was associated with an increased risk of coronary artery disease and cardiovascular 
disease in general in more than 130 thousand participants of the National Health Interview Surveys (Italy), aged 30–74 
years, during 10-year follow-up.51 A higher level of education may lead to better perception of changes associated with 
aging (physical, professional), although it can be associated with a higher distress level.52 Higher levels of education 
significantly increased the probability of reversion of mild cognitive impairment to normal cognition versus progression 
to dementia.53 This issue points to the importance of universal access to the highest possible level of education. It is 
important that the level of general education achieved at a young age should be effectively complemented with health 
education provided for adults and the elderly. Multiple studies indicate the effectiveness of health education in the 
prevention of frailty,54 falls and other age-related disorders.

P-selectin was predictive of CE in our analysis. This protein belongs to the family of adhesion molecules and is 
expressed on platelets and endothelial cells in response to various inflammatory mediators. P-selectin and P-selectin 
glycoprotein ligand-1 interaction initiate the recruitment of leukocytes, attachment, rolling, and extravasation at inflam-
mation foci.55 There is increasing knowledge about the pivotal role that P-selectin plays in the pathogenesis of 
atherosclerosis and cardiovascular disease,55 cancer,56 and infections, including Covid-19.57 P-selectin levels in com-
munity-dwellers aged 70 years or more with physical frailty and sarcopenia were higher as compared to the non- 
sarcopenic, non-frail controls.58 Higher expression of P-selectin in the platelet membrane was revealed in frail older 
adults, indicating that up-regulation of platelet activity may lead to increased thrombosis risk and aspirin resistance in 
these populations.59 Our cohort did not include participants with frailty and yet P-selectin appeared to be an independent 
predictor of increased risk of CE-events. In our study, P-selectin correlated positively with E-selectin, matrix metallo-
proteinase MMP-1, adhesion molecules VCAM-1 and ICAM-1, and neurotrophic factors GDNF and BDNF, and 
negatively – with matrix metalloproteinase MMP-2. These associations may have different meanings. Some of these 
factors may be involved in platelet activation, endothelial inflammation and related pathology; others may only be 
markers of these pathophysiological processes. Soluble forms of both P-selectin and E-selectin in blood characterize the 
state of endothelial and platelet activation in atherosclerosis.60 Matrix metalloproteinases are inflammatory mediators that 
degrade various components of extracellular matrix (ECM) and non-ECM molecules, thus promoting recruitment of 
stem/progenitor cells and facilitating migration and invasion of endothelial cells and vascular smooth muscle cells. They 
may also participate in regulation of vascular cell proliferation and apoptosis.61 It is hypothesized, that lower MMP-2 
activity may be associated with increased bioavailability of proinflammatory cytokines normally inactivated by MMP-2, 
leading to the stimulation of systemic inflammation.62 Intracellular adhesion molecule-1 (ICAM-1) and vascular cell 
adhesion molecule-1 (VCAM-1) promote leukocyte adhesion and migration to the activated endothelium, mediating 
endothelial inflammation.63 BDNF plays an important role in the control of neuronal and glial development, neuropro-
tection, and modulation of synaptic interactions in central and peripheral nervous systems,64 but the role of peripheral 
BDNF is less known.65 This neurotrophin is abundant in platelets,65 and its serum concentration correlates positively 
with soluble P-selectin that may be considered a marker of platelet activation.66 The role of GDNF in the growth and 
maintenance of the central and peripheral nervous systems is also well described.67 However, it is also expressed in 
peripheral tissues, including digestive, respiratory, hematopoietic and urogenital systems, heart, blood, muscles and 
skin.68 Different types of immune and epithelial cells have the capacity to release GDNF and express their receptors, 
leading to the participation in the repair of epithelial barrier damage after inflammation.68 Serum GDNF levels correlate 
with serum BDNF levels.69 Since serum BDNF derives mainly from platelets65 and serum GDNF may originate from 
peripheral tissues,68 their plasma concentrations do not necessarily correlate with their activity in the central nervous 
system.

To our knowledge, this is the first study showing the significance of P-selectin for prediction of adverse outcomes in 
healthy aging early-old adults.

The main limitation of this study is the small sample size. This was caused by unforeseen difficulties in recruiting 
volunteers for the study, despite the fact that we offered the opportunity to perform the examination both at our medical 
center and at the examinee’s place of residence. This issue was discussed in our previous publication,17 where we also 
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pointed out that the sample is not representative of the general older adult population, but rather of a cohort of healthy 
ageing early-old adults. Nevertheless, we believe that our results may be useful in developing effective preventive 
programs for adverse outcomes in healthy ageing early-old adults. Our observations indicate that coronary artery disease 
is a major predictor of risk in this cohort, and the level of education is another important factor. In addition, we showed 
that P-selectin is also a promising predictive measure for adverse outcomes. Although the determination of biochemical 
indices, such as adhesion molecules, due to low availability and high cost currently remains limited to scientific research, 
we believe that these tests may be introduced to clinical practice in the near future. In the face of rapidly aging 
populations, promotion of healthy aging and development of effective programs to prevent adverse outcomes of aging are 
necessary to meet the challenges facing medical and social care systems. Further research is needed to define measures 
most useful for the identification of people who will achieve the greatest benefit from early preventive interventions.

Conclusion
Coronary artery disease, lower educational status and higher P-selectin levels were predictive of adverse outcomes in 
community-dwelling, healthy-aging early-old adults during a three-year follow-up.
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