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Background  and  Aims.  Allostatic  load  (AL)  reflects  cu-
mulative  multisystem  biological  dysregulation  induced  by
chronic exposure to stressors and has emerged as an inte-
grative  marker  of  chronic  physiological  burden.  However,
prospective evidence on whether AL captures long-term risk
across both arterial and venous vascular outcomes remains
limited. We therefore aimed to evaluate the association be-
tween AL and mortality,  cardiovascular disease (CVD), and
venous  thromboembolism (VTE)  in  a  large  prospective  co-
hort.
Methods.  We analyzed 22,255 participants from the Moli-
sani  study,  a  population-based  cohort  in  Italy  (aged  ≥35
years,  52% women),  apparently  free  of  cardiovascular  dis-
ease (CVD) and venous thromboembolism (VTE) at baseline
(2005-2010). Outcomes included all-cause and CVD mortali-
ty,  as  well  as  fatal  and non-fatal  CVD, coronary heart  dis-
ease (CHD), stroke subtypes, and unprovoked VTE. AL was
computed as the sum of  standardized (z-score) biomarkers
across multiple physiological systems, with inversion of pro-
tective markers and equal weighting. Variables included car-
diovascular  (systolic  and  diastolic  blood  pressure,  heart
rate),  inflammatory/immune (C-reactive protein,  fibrinogen,
white  blood  cell  count,  albumin  [inverted],  glycoprotein
acetyls), metabolic (HDL cholesterol [inverted], total choles-
terol,  triglycerides,  glucose,  body  mass  index,  waist-to-hip
ratio,  insulin,  lipoprotein(a),  apolipoprotein  B),  respiratory
(FEV1 and FVC [both inverted]) and renal markers (creati-
nine,  cystatin  C).  Higher  values  of  AL  index  indicated
greater biological dysregulation; the index was categorized
into quartiles.  Cox proportional  hazards models were used
to estimate hazard ratios (HRs) and 95% confidence inter-
vals  (CIs),  adjusting  for  demographic,  socioeconomic  and
lifestyle factors.
Results.  Median  follow-up  ranged  from  13  to  15  years
across outcomes. During follow-up, 2,831 deaths and 1,555
incident arterial and venous vascular events were recorded,
as reported in the Table. Participants in the highest global
AL index quartile,  compared with those in the lowest one,
had  an  increased  hazard  of  all-cause  mortality  (HR  1.43;
95% CI  1.24-1.64)  and  cardiovascular  mortality  (HR 1.80;
95%  CI  1.35-2.41).  A  strong  graded  association  was  ob-
served  for  fatal  and  non-fatal  CVD  (HR  3.14;  95%  CI
2.53-3.90),  with the strongest effect  observed for coronary

heart  disease  (HR  4.54;  95%  CI  3.45-5.98).  Associations
with  overall  cerebrovascular  outcomes  were  weaker  than
those observed for CHD, although participants in the high-
est  versus lowest AL index quartile still  showed an almost
twofold higher hazard of fatal and non-fatal ischemic stroke
(HR 1.92;  95% CI  1.15-3.20).  This  adverse  association  ex-
tended  beyond  arterial  outcomes  to  venous  thrombotic
events,  with  higher  AL  index  being  associated  with  more
than a twofold higher risk of fatal and non-fatal unprovoked
venous thromboembolism (HR 2.25; 95% CI 1.11-4.54).
Conclusions. In this large population-based prospective co-
hort,  a  higher global  AL index was associated with an ex-
cess  hazard  of  all-cause  and  cardiovascular  mortality  and
major arterial cardiovascular events, particularly CHD. The
association also extended to unprovoked VTE. A cumulative
multisystem biological dysregulation may capture long-term
vascular  vulnerability  beyond  traditional  arterial  outcomes
and may represent an integrative marker for risk stratifica-
tion.
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