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ABSTRACT　
 
OBJECTIVE　 To determine whether biological age, estimated using phenotypic age (PhenoAge) and PhenoAge acceleration, predicts in-
hospital and intermediate-term outcomes after acute myocardial infarction (AMI) in older adults.
 
METHODS　 We conducted a retrospective cohort study of 192 consecutive adults [median age: 71 (62–78) years] admitted with AMI to
a national tertiary center in 2022. PhenoAge metrics were derived from routine admission laboratory parameters. Patients were followed
until 30 August 2025. Outcomes included in-hospital mortality and two composite endpoints: (1) all-cause mortality, non-fatal myocardi-
al infarction, or revascularization; and (2) the above plus hospitalization for heart failure. Logistic regression models and Cox proportion-
al hazards regression models were adjusted for baseline cardiovascular comorbidities.
 
RESULTS　 PhenoAge acceleration was independently associated with in-hospital mortality (OR = 1.051, 95% CI: 1.018–1.084, P = 0.002),
whereas chronological age was not, and PhenoAge also demonstrated independent association (OR = 1.042, 95% CI: 1.013–1.072, P = 0.004).
Over a median follow-up of 1285 days, all three aging metrics were independently associated with both composite endpoints and heart fail-
ure hospitalization in multivariable analyses. Receiver operating characteristic analyses demonstrated similar discriminative performance
across metrics for intermediate-term outcomes [area under the curve (AUC) = 0.63–0.71]. PhenoAge demonstrated significant increment-
al value over chronological age [net reclassification improvement (NRI) = 0.38–0.43, integrated discrimination improvement (IDI) = 0.059–
0.069, P ≤ 0.005].
 
CONCLUSIONS　 PhenoAge acceleration independently predicted in-hospital mortality following AMI, suggesting it captures acute phy-
siological vulnerability not reflected by chronological age. Although PhenoAge acceleration showed comparable intermediate-term discrim-
inatory performance to chronological age, PhenoAge demonstrated significant incremental prognostic value beyond chronological age. Bi-
ological aging assessment may help identify biologically vulnerable patients at presentation and support personalized risk stratification in
geriatric cardiology. These findings support further prospective evaluation of biological aging metrics in older adults with acute coronary sy-
ndromes.

 

Age is a major determinant of cardiovascular morb-
idity and mortality; however, chronological age do-
es not fully capture the biological aging of tissues

and physiological systems.[1,2] Biological aging reflects the ac-
cumulation of molecular and cellular damage over the lifesp-
an and is influenced by genetic, environmental, and lifesty-
le factors that affect epigenetic mechanisms including DNA
methylation.[2-6] Consequently, biological age may better refl-
ect physiological reserve and susceptibility to disease than ch-
ronological age alone.

Biological aging has been associated with all-cause mortaa-
lity in the general population and in specific disease states such

as heart failure (HF).[7-11] It is also linked to a wide range of age-
related morbidity, including cardiovascular disease, stroke, and
cancer.[12-17] From a geroscience perspective, individuals of sim-
ilar chronological age may exhibit markedly different biologi-
cal aging trajectories driven by variation in inflammation, cell-
ular senescence, and immunosenescence.[18,19] This variabili-
ty correlates with frailty and diminished physiological resili-
ence in older adults, suggesting particular relevance in acute
cardiovascular syndromes such as acute myocardial infarct-
ion (AMI).[19,20]

Several methods have been developed to estimate biologi-
cal age. DNA methylation–based clocks are well establish-
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ed but remain impractical for routine clinical use.[3-6] The ph-
enotypic age (PhenoAge) and PhenoAge acceleration are cli-
nically applicable surrogate biomarkers derived from rou-
tine laboratory parameters and validated against epigenet-
ic clocks.[21] PhenoAge predicts cardiovascular outcomes acr-
oss diverse populations and has been associated with morta-
lity in coronary artery disease and with in-hospital outcomes
in AMI.[21-23] Phenotypic aging indices reflect systemic biolog-
ical stress processes including inflammaging, metabolic dys-
function, and immune dysregulation, which may be parti-
cularly relevant in acute cardiovascular disease.[18,20,24]

Despite major advances in AMI management, substan-
tial morbidity persists. In a large population study from Engl-
and, up to one-third of patients developed HF or renal failu-
re after AMI, and 7% experienced recurrent myocardial infa-
rction.[25] Approximately one-quarter of AMI survivors dev-
elop HF within four years.[26] These observations highlight the
ongoing burden of adverse outcomes despite contemporary
therapy and underscore the need for improved risk stratific-
ation beyond chronological age.

The identification of biological vulnerability beyond chro-
nological age may therefore offer additional prognostic infor-
mation and could be particularly valuable in the growing pop-
ulation of older, multimorbid AMI patients. In geriatric med-
icine, concepts such as frailty, diminished physiological res-
erve, and heterogeneous health trajectories are central to clin-
ical decision-making. Biological aging metrics such as Pheno
Age may serve as quantifiable proxies for these geriatric synd-
romes, capturing systemic dysfunction that influences recov-
ery from an acute stressor like AMI. Consequently, the aim of
this study was to investigate whether biological age and biolo-
gical age acceleration are associated with in-hospital and in-
termediate-term outcomes after AMI in older adults, and wh-
ether these measures provide prognostic information beyo-
nd chronological age alone.

 METHODS

 Study Design and Population

We conducted a retrospective cohort study of all conse-
cutive adults admitted with a diagnosis of AMI to Mater Dei
Hospital, Msida, Malta between 1 January 2022 and 31 Dec-
ember 2022. Both ST-segment elevation myocardial infar-
ction and non-ST-segment elevation myocardial infarction
were included. The AMI was diagnosed using standard clin-
ical, electrocardiographic, and cardiac biomarker criteria con-
sistent with contemporary international guideline definiti-

ons. Patients were identified through the institutional ele-
ctronic medical information system. No patients were exclu-
ded on the basis of clinical presentation; patients were only ex-
cluded if laboratory data required for PhenoAge calculati-
on were incomplete.

Of 265 patients initially screened, 73 patients (27.5%) we-
re excluded due to incomplete admission laboratory data. To
assess potential selection bias, available baseline character-
istics were compared. Excluded patients were younger [med-
ian age: 64 (58–73) years vs. 71 (62–78) years], less freque-
ntly female (9.6% vs. 21.9%), and had lower prevalence of pr-
ior HF (5.5% vs. 13.5%), prior coronary artery disease (23.3%
vs. 32.8%), peripheral vascular disease (1.4% vs. 6.3%), and ce-
rebrovascular disease (1.4% vs. 6.8%), while dyslipidaemia
prevalence was similar (28.8% vs. 30.2%). The proportion pr-
esenting with ST-segment elevation myocardial infarction
was comparable (42.5% vs. 43.2%). These differences sugge-
st the included cohort may be selectively enriched for older, hi-
gher-risk patients. Sensitivity analyses using multiple impu-
tation were not performed and represent a methodologic-
al limitation.

 Data Collection

Demographic characteristics, cardiovascular risk factors, co-
morbidities, and routine admission laboratory results were re-
trieved from electronic case summaries and the hospital lab-
oratory database. Laboratory variables required to calcula-
te PhenoAge and PhenoAge acceleration (albumin, creatin-
ine, glucose, C-reactive protein, mean corpuscular volume, red
cell distribution width, alkaline phosphatase, white cell co-
unt, and lymphocyte percentage) were recorded.[21] Patie-
nts without complete laboratory data required for Pheno-
Age calculation were excluded. Comorbidities including pr-
ior HF, dyslipidemia, and previously documented coronary,
cerebrovascular, or peripheral vascular disease were also re-
corded.

Mater Dei Hospital, Msida, Malta operates a fully integ-
rated electronic health record (EHR) system linking inpa-
tient, outpatient, emergency department, and laboratory data.
As the sole national acute hospital in Malta, all acute medi-
cal admissions are captured within this system. Non-fatal out-
comes including HF hospitalization, reinfarction, and reva-
scularisation were ascertained from electronic discharge sum-
maries and coded diagnoses within the EHR. Outcome eve-
nts were derived from discharge diagnostic codes and clini-
cal documentation rather than formal adjudication by an inde-
pendent committee, which is acknowledged as a limitati-
on.
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 Biological Aging Assessment

PhenoAge and PhenoAge acceleration were calculated as
described by Levine, et al.[21] PhenoAge acceleration was defi-
ned as the residual from a linear regression of PhenoAge on
chronological age, calculated within the study sample, con-
sistent with Liu, et al.[10] and Levine, et al.[21] This residual app-
roach ensures PhenoAge acceleration is independent of chr-
onological age. A positive value indicates the individual is bio-
logically older than expected; a negative value indicates the
converse. The cohort regression equation was: PhenoAge =
5.44 + 1.07 × chronological age (R2 = 0.47).[21] As this metric is
internally derived, direct comparison of absolute PhenoAge
acceleration values with studies using different derivation co-
horts should be interpreted with caution. Chronological age
was recorded at admission.

 Outcomes

Patients were followed until 30 August 2025 using EHRs
and national mortality registry data. Two composite clinical en-
dpoints were evaluated: (1) 3-point composite: all-cause mor-
tality, non-fatal reinfarction, or subsequent revascularizat-
ion (percutaneous or surgical); and (2) 4-point composite: the
above plus hospitalization for HF. Individual components of
each composite endpoint were also examined.

 Statistical Analysis

Continuous variables are reported as medians (interqu-
artile range), categorical variables are presented as counts (pe-
rcentages). Logistic regression model was used to evaluate
the association between aging metrics and in-hospital mor-
tality. Spearman’s rank correlation coefficients assessed rel-
ationships between aging parameters and length of hospit-
alization.

Cox proportional hazards regression models were used to
estimate hazard ratios for composite endpoints and their in-
dividual components. The proportional hazards assumption
was formally assessed using Schoenfeld residuals and log–
log survival plots, and was confirmed to be satisfied for all pr-
imary outcome analyses. Multivariable models were adjus-
ted for major cardiovascular comorbidities (previous corona-
ry artery disease, peripheral vascular disease, cerebrovascu-
lar disease, HF, and dyslipidemia). Chronological age, sex, gl-
ycaemia, and renal function were intentionally excluded as
covariates because these parameters are components of the
PhenoAge algorithm, and their inclusion would introduce
multicollinearity.[21] Smoking status and body mass index

were not systematically available and could not be inclu-
ded, representing a limitation.

To quantify the incremental prognostic value of PhenoA-
ge and PhenoAge acceleration beyond chronological age, net
reclassification improvement (NRI) and integrated discrim-
ination improvement (IDI) were calculated using logistic
regression models with chronological age as the reference,
using the PredictABEL package in R statistical software 4.6
(R Foundation for Statistical Computing, Vienna, Austria).

Receiver operating characteristic analyses were perform-
ed to compare the prognostic performance of chronological
age, PhenoAge, and PhenoAge acceleration. A two-sided P-
value < 0.05 was considered statistically significant. Analys-
es were conducted using SPSS 27.0 (SPSS Inc., IBM, Armonk,
NY, USA).

 Ethical Approval

Ethical approval was obtained from the University of Mal-
ta Research Ethics Committee and Mater Dei Hospital Data
Protection Office. This retrospective study utilized anonymi-
zed data extracted from EHRs. In accordance with Maltese
legislation and ethics approval, the requirement for individ-
ual informed consent was waived for this non-interventio-
nal study.

 RESULTS

 Baseline Characteristics

Of 265 patients initially screened, 73 patients were exclud-
ed due to incomplete laboratory data, leaving 192 patients for
analysis. The median age was 71 (62–78) years and 62% of pat-
ients were male. Baseline demographic and clinical charac-
teristics are summarized in Table 1.

 In-hospital Outcomes

PhenoAge acceleration was significantly associated wi-
th in-hospital mortality on logistic regression analysis (Tab-
le 2). Chronological age was not significantly associated wi-
th in-hospital mortality. PhenoAge was also significantly ass-
ociated with in-hospital mortality (OR = 1.042, 95% CI: 1.013–
1.072, P = 0.004). Length of hospitalization correlated posit-
ively with chronological age (r = 0.27, P < 0.001), PhenoAge
(r = 0.377, P < 0.001), and PhenoAge acceleration (r = 0.268,
P < 0.001).

 Composite Cardiovascular Endpoints

During a median follow-up of 1285 days, both the 3-poi-
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nt and 4-point composite endpoints occurred with substan-
tial cumulative incidence. Event rates and follow-up charac-
teristics are summarized in Tables 3 & 4.

On univariate Cox regression analysis, chronological age,
PhenoAge, and PhenoAge acceleration were each signifi-
cantly associated with both composite endpoints. In multiv-
ariable analysis adjusting for major cardiovascular comorbi-
dities, all three aging metrics remained independently asso-
ciated with the 3-point composite endpoint (all-cause morta-
lity, reinfarction, revascularization) and the 4-point compos-
ite endpoint (including HF hospitalization) (Tables 3 & 4).

Among individual outcomes, all-cause mortality and hos-
pitalization for HF were significantly associated with chron-
ological age, PhenoAge, and PhenoAge acceleration. Reinf-
arction showed a borderline significant association with Ph-
enoAge in unadjusted analysis (HR = 1.022, 95% CI: 1.002–
1.043, P = 0.033), which attenuated to non-significance after
multivariable adjustment. No significant associations were ob-
served for revascularisation in either unadjusted or adjust-
ed analyses.

 Predictive Performance

Receiver operating characteristic analyses demonstrated co-
mparable discriminatory performance across aging metrics.
For the 3-point composite endpoint, area under the curve (AU-
Cs) (95% CI) were 0.631 (0.552–0.710) for chronological age,
0.706 (0.633–0.780) for PhenoAge, and 0.668 (0.592–0.744) for

PhenoAge acceleration (Figure 1). For the 4-point compos-
ite endpoint, AUCs were 0.643 (0.564–0.722), 0.705 (0.631–
0.778), and 0.655 (0.578–0.732), respectively (Figure 2).

To quantify incremental discrimination, NRI and IDI were
calculated with chronological age as the reference model. Ph-
enoAge demonstrated significant incremental value for both
composite endpoints: MACE3 NRI = 0.429 (95% CI: 0.159–
0.699, P = 0.002), IDI = 0.069 (95% CI: 0.035–0.103, P < 0.001);
MACE4 NRI = 0.384 (95% CI: 0.113–0.655, P = 0.005), IDI = 0.059
(95% CI: 0.026–0.093, P = 0.001). PhenoAge acceleration did
not demonstrate significant incremental reclassification or
discrimination improvement over chronological age for ei-
ther endpoint (all P > 0.35).

 DISCUSSION

In this retrospective AMI cohort, PhenoAge acceleration
was associated with in-hospital mortality, as was PhenoAge
(OR = 1.042, 95% CI: 1.013–1.072, P = 0.004), whereas chronolo-
gical age was not. This suggests that accelerated biological ag-
ing may reflect reduced physiological reserve during the ac-
ute phase of infarction, beyond the information provided by
chronological age. Patients whose biological age substantia-
lly exceeds their chronological age may have diminished capa-
city to tolerate the inflammatory and metabolic stress associa-
ted with acute myocardial injury, predisposing to early adve-
rse events.[18-23]

 

Table 1    Baseline characteristics of the study population.

Variable Value

Female sex 42 (22%)

Chronological age, yrs 71 (62–78)

PhenoAge, yrs 79.1 (66.5–89.3)

PhenoAge acceleration, yrs 7.6 (0.1–17.1)

Previously diagnosed coronary artery disease 63 (32.8%)

Previously diagnosed peripheral vascular disease 12 (6.3%)

Previously diagnosed cerebrovascular disease 13 (6.8%)

Previously diagnosed heart failure 26 (13.5%)

Previously diagnosed dyslipidaemia 58 (30.2%)

Data are presented as n (%) or median (interquartile range). PhenoAge: phenotypic age.
 

Table 2    Logistic regression analysis for in-hospital mortality.

Variable OR (95% CI) P-value
PhenoAge 1.042 (1.013–1.072) 0.004

PhenoAge acceleration 1.051 (1.019–1.085) 0.002

Chronological age 1.019 (0.975–1.064) 0.41

PhenoAge: phenotypic age.
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Table 3    Unadjusted Cox proportional hazards for composite and individual outcomes.

Outcome HR (95% CI) P-value
3-point endpoint

PhenoAge 1.026 (1.015–1.037) < 0.001

PhenoAge acceleration 1.026 (1.014–1.038) < 0.001

Chronological age 1.024 (1.007–1.042) 0.006

4-point endpoint

PhenoAge 1.025 (1.015–1.036) 0.001

PhenoAge acceleration 1.025 (1.013–1.037) < 0.001

Chronological age 1.026 (1.009–1.044) 0.002

All-cause mortality

PhenoAge 1.041 (1.028–1.055) < 0.001

PhenoAge acceleration 1.037 (1.022–1.051) < 0.001

Chronological age 1.043 (1.020–1.067) < 0.001

Hospitalization for heart failure

PhenoAge 1.036 (1.018–1.055) 0.01

PhenoAge acceleration 1.034 (1.015–1.055) < 0.001

Chronological age 1.033 (1.003–1.065) 0.03

Non-fatal infarction

PhenoAge 1.022 (1.002–1.043) 0.033

PhenoAge acceleration 1.023 (0.999–1.048) 0.06

Chronological age 1.020 (0.987–1.053) 0.239

Need for revascularization

PhenoAge 1.010 (0.991–1.030) 0.289

PhenoAge acceleration 1.003 (0.977–1.031) 0.813

Chronological age 1.007 (0.978–1.036) 0.641

PhenoAge: phenotypic age.

 

Table 4    Adjusted Cox proportional hazards for composite and individual outcomes*.

Outcome HR (95% CI) P-value
3-point endpoint

PhenoAge 1.024 (1.012–1.036) < 0.001

PhenoAge acceleration 1.02 (1.01–1.04) 0.002

Chronological age 1.02 (1.00–1.04) 0.039

4-point endpoint

PhenoAge 1.024 (1.012–1.036) < 0.001

PhenoAge acceleration 1.02 (1.01–1.04) 0.003

Chronological age 1.02 (1.00–1.04) 0.015

All-cause mortality

PhenoAge 1.037 (1.021–1.053) < 0.001

PhenoAge acceleration 1.027 (1.010–1.044) 0.002

Chronological age 1.036 (1.012–1.061) 0.004

Hospitalization for heart failure

PhenoAge 1.028 (1.007–1.048) 0.008

PhenoAge acceleration 1.022 (0.999–1.045) 0.060

Chronological age 1.025 (0.992–1.059) 0.136
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Biological aging incorporates laboratory indices related to
inflammatory activity, metabolic status, and tissue repair. Se-
veral components of the PhenoAge algorithm, C-reactive pr-
otein, albumin, lymphocyte proportion, and red cell distribu-
tion width, have recognized associations with systemic infla-
mmation and immune dysregulation.[21] Inflammation and im-

paired metabolic homeostasis contribute to plaque instabil-
ity, myocardial injury, and subsequent deterioration, and may
be particularly relevant during acute presentation.[27-29] This may
explain the independent associations of both PhenoAge and
PhenoAge acceleration with in-hospital mortality observed in
our cohort.

Continued

Outcome HR (95% CI) P-value
Non-fatal infarction

PhenoAge 1.02 (0.99–1.04) 0.15

PhenoAge acceleration 1.02 (0.99–1.05) 0.28

Chronological age 1.02 (0.98–1.05) 0.35

Need for revascularization

PhenoAge 1.02 (0.99–1.04) 0.16

PhenoAge acceleration 1.01 (0.98–1.04) 0.47

Chronological age 1.01 (0.98–1.04) 0.54

*Refers to adjust for previously diagnosed coronary artery disease, peripheral vascular disease, cerebrovascular disease, heart failure, and dyslipi-
demia. PhenoAge: phenotypic age.
 

Figure 1    Receiver operating characteristic curves for prediction of 3-point major adverse cardiovascular events using chronological age (A),
PhenoAge (B), and PhenoAge acceleration (C). AUC: area under the curve; PhenoAge: phenotypic age.
 

Figure 2    Receiver operating characteristic curves showing the discriminative performance of chronological age (A), PhenoAge (B), and Ph-
enoAge acceleration (C) for prediction of the 4-point major adverse cardiovascular event composite endpoint. AUC: area under the curve; Phe-
noAge: phenotypic age.
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We also found that PhenoAge and PhenoAge accelerati-
on were associated with intermediate-term outcomes, inclu-
ding both composite cardiovascular endpoints, all-cause mo-
rtality, and hospitalization for HF. PhenoAge demonstrat-
ed higher discriminatory performance (AUC = 0.706 for MA-
CE3 and AUC = 0.705 for MACE4) compared with chrono-
logical age (AUC = 0.631 for MACE3 and AUC = 0.643 for
MACE4). PhenoAge provided significant incremental recl-
assification and discrimination improvement over chronol-
ogical age (NRI = 0.38–0.43, IDI = 0.059–0.069, all P ≤ 0.005), wh-
ereas PhenoAge acceleration did not. These findings sugge-
st that absolute biological age carries more discriminatory in-
formation than the acceleration residual for intermediate-
term outcomes, while the acceleration metric retains partic-
ular value for predicting in-hospital mortality. It is plausib-
le that secondary prevention strategies, including lipid-low-
ering therapy, renin–angiotensin system inhibition, antipl-
atelet therapy, and newer cardiometabolic agents, attenuate
biological vulnerability over time, thereby reducing the differ-
ential prognostic separation between biological and chronol-
ogical aging.[30-36]

Notably, hospitalization for HF demonstrated the stron-
gest association with biological aging metrics. HF is close-
ly linked to inflammation, endothelial dysfunction, sarcop-
enia, and frailty, and biological aging measures may theref-
ore be particularly relevant to this outcome subset.[36-40] Pheno-
Age acceleration likely reflects cumulative systemic vulnera-
bility and may help identify patients at heightened risk of sub-
sequent HF and functional decline following AMI. In the adju-
sted analysis, chronological age was no longer significantly
associated with HF hospitalization (HR = 1.025, 95% CI: 0.992–
1.059, P = 0.136), whereas PhenoAge remained independen-
tly associated (HR = 1.028, 95% CI: 1.007–1.048, P = 0.008), sug-
gesting that biological age captures HF risk that chronologi-
cal age alone does not after adjustment for cardiovascular co-
morbidities.

The absence of DNA methylation–based biological agi-
ng clocks represents a limitation. Although these clocks dir-
ectly reflect epigenetic change, PhenoAge was originally dev-
eloped and validated against methylation-derived aging me-
asures and has demonstrated comparable predictive capaci-
ty for morbidity and mortality across multiple populations.[21]

The routine availability of its laboratory components makes
PhenoAge clinically practical in real-world settings. Never-
theless, future studies should evaluate whether combining
phenotypic and methylation-based metrics enhances risk pr-
ediction in AMI.

Lifestyle-related and environmental factors including di-
et, physical activity, adiposity, and pollutant exposure have
been associated with accelerated biological aging.[41-50] Whe-
ther modifying biological aging through lifestyle or phar-
macological intervention translates into improved cardio-
vascular resilience remains uncertain and warrants prospe-
ctive investigation. Mechanistic pathways linking biologic-
al aging to cardiovascular pathology, particularly during ac-
ute illness, also warrant further exploration.

In summary, biological aging, particularly biological age
acceleration, was associated with adverse outcomes after AMI,
with the strongest influence observed during the acute phase.
While PhenoAge acceleration showed comparable long-term
discriminatory performance to chronological age, PhenoAge
demonstrated significant incremental prognostic value beyo-
nd chronological age for intermediate-term composite endp-
oints. Hence, biological aging assessment may help identify
patients who are biologically vulnerable at presentation and
who may benefit from closer monitoring and personalized
risk stratification. These findings support further investigat-
ion of biological aging metrics in cardiovascular disease and
raise the possibility that modifiable aging processes could re-
present future therapeutic targets.

 STRENGTHS AND LIMITATIONS

A strength of this study is the use of comprehensive real-
world clinical and laboratory data from the contemporary
AMI population, with complete mortality follow-up facilit-
ated by linkage to the national mortality registry. Several li-
mitations must be acknowledged. Firstly, the retrospecti-
ve single-center design limits generalizability, and the abse-
nce of external validation in an independent cohort is an imp-
ortant constraint; prospective multicenter studies are requ-
ired to confirm these findings. Secondly, 73 patients (27.5%)
were excluded due to incomplete admission laboratory da-
ta; excluded patients were younger with lower comorbid-
ity burden, and findings should be interpreted in this cont-
ext. Sensitivity analyses using multiple imputation were not
performed and represent a further limitation. Thirdly, non-
fatal outcomes were ascertained from EHR discharge codes
rather than formal independent event adjudication. Fourt-
hly, DNA methylation–based clocks were not available for co-
mparison. Last but not least, smoking status and body mass
index were not systematically available. Prospective multic-
enter studies incorporating molecular aging markers and fo-
rmal event adjudication are required to confirm these obse-
rvations.
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 CONCLUSIONS

In this retrospective AMI cohort, biological aging, inclu-
ding both PhenoAge and PhenoAge acceleration, was ass-
ociated with in-hospital mortality and adverse intermedi-
ate-term clinical outcomes. Although PhenoAge accelerat-
ion showed comparable discriminatory ability to chronolog-
ical age, PhenoAge demonstrated significant incremental
prognostic value beyond chronological age. Further studi-
es are warranted to validate these findings and to determine
whether biological aging assessment can contribute to perso-
nalized cardiovascular risk stratification following AMI.
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