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Purpose: Aortic dissection (AD) is a life-threatening aortic emergency that progresses rapidly and carries a high mortality rate. We
characterised contemporary patterns and long-term trends in AD mortality in the United States and examined associations between
ambient temperature and AD mortality.

Patients and Methods: We obtained mortality data for AD from United States CDC WONDER for 1999-2023 and calculated age-
adjusted mortality rates (AAMR). Temporal trends were assessed using Joinpoint regression to estimate annual percent change (APC)
and average annual percent change (AAPC). Monthly air temperature data for the period 1999-2023 were obtained from the North
America Land Data Assimilation System (NLDAS). Associations between temperature and AD mortality were evaluated across census
regions using correlation analyses and Poisson regression models. To explore the future burden, subgroup-specific time series models
(ARIMA or ETS) were applied to generate 20-year forecasts.

Results: In 2023, there were 4,418 AD deaths (AAMR 1.73 per 100,000; 95% CI 1.68-1.78); rates were highest in the Midwest
(1.96), in male (2.19 vs 1.24 in female), in non-Hispanic Black individuals (2.75), and in adults >85 years (11.67). From 1999-2023,
86,943 deaths occurred and the overall AAMR declined (AAPC —0.37), but reversed to sustained increases after 2013. Across the four
census regions, the monthly AAMR was lowest in summer and highest in winter during 1999-2023 (P < 0.05). A 10°F increase in
temperature was associated with lower mortality risk (eg, South RR 0.889).

Conclusion: AD mortality has rebounded since 2013 with marked demographic and regional disparities. Lower temperatures and
greater thermal variability are linked to higher mortality, supporting seasonally and region-tailored prevention and health-system
preparedness.
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Introduction

Aortic dissection (AD) is a severe acute aortic syndrome associated with a high immediate mortality rate and a high
incidence of complications among survivors in the acute phase.! AD is defined by an intimal tear that allows blood to
enter the space between the intimal and medial layers of the aortic wall, creating true and false lumens and resulting in

separation of the vessel wall.” According to the Stanford classification, involvement of the ascending aorta is classified as
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Stanford type A, whereas involvement confined to the descending aorta is classified as Stanford type B.> However, the
incidence, patient characteristics, and risk factors of AD are not fully understood.*> Current research highlights that AD
is not uniformly distributed across populations. Factors such as age, sex, race, and geographic location significantly
influence its incidence and outcomes. For instance, studies have shown that males are disproportionately affected
compared to female, and that certain genetic conditions, such as Marfan syndrome, increase the risk of AD.®”
Furthermore, the incidence of AD appears to be rising in many regions, particularly among older adults, which could
be attributable to an aging population and increasing rates of hypertension and other cardiovascular risk factors.'®!!

Epidemiological data on AD in the United States have been reported, but most series end before 2019 and therefore lack
contemporary perspective.'> ' Our study provides an updated, nationwide characterisation of AD mortality with compre-
hensive subgroup analyses by census region, sex, race, urbanisation, and age. The association between ambient temperature
and an increased incidence of AD has also attracted growing attention. Low ambient temperatures may induce sympathetic
nervous system activation, peripheral vasoconstriction, and acute elevations in blood pressure, thereby increasing mechanical
stress on the aortic wall.'” Temperature-related inflammatory and oxidative stress responses may further impair endothelial
function and compromise the structural integrity of the aorta.'® Together, these haemodynamic and inflammatory processes
increase susceptibility to intimal tearing and the development of AD. A multicenter case-crossover study from China showed
that low ambient temperature and temperature decreases between adjacent days were associated with an increased risk
of AD." Similarly, a nationwide time-stratified case-crossover study from Japan confirmed that low ambient temperature was
associated with an increased risk of hospitalization for AD.'® Importantly, the increased risk of AD-related mortality
attributable to low temperatures remains substantial even in predominantly tropical countries, such as Brazil.'” However,
most existing studies have focused primarily on incidence or hospital admissions and are often limited to single cities, raising
concerns about temporal and geographic confounding.'” 2!

The primary objective of this study is to elucidate the epidemiological characteristics of AD-related mortality in the
United States, identifying high-risk groups and environmental determinants that could contribute to the development of
targeted prevention strategies. Understanding these dynamics is crucial for improving clinical outcomes and resource
allocation within healthcare systems, particularly in the context of an aging population susceptible to cardiovascular
diseases. Furthermore, the findings from this study are intended to support future research efforts aimed at mitigating the
burden of AD and enhancing patient care through tailored management approaches.

Materials and Methods

Mortality Data Source and Collection

Data for this study were obtained from the United States Centers for Disease Control and Prevention Wide-ranging
Online Data for Epidemiologic Research (CDC WONDER). This population-based analysis included all deaths recorded
in the CDC WONDER Multiple Cause of Death database that met the following inclusion criteria: (1) age at death >25
years; (2) underlying cause of death coded as AD; and (3) death occurring between 1999 and 2023 within the United
States. Deaths not meeting these criteria were excluded from the analysis.

We extracted counts of deaths and AAMR attributable to AD among adults aged >25 years for the period 1999-2023. AD
deaths were identified using the International Classification of Diseases, 10th Revision (ICD-10) code 171.0 as the underlying
cause of death.”” Because CDC WONDER provides aggregated, de-identified mortality data without individual-level clinical
information, no additional exclusion criteria (eg, comorbidities or treatment characteristics) could be applied.

AD mortality data were stratified by demographic and geographic characteristics, including census region, state, sex, race/
ethnicity, level of urbanization, and age group.23 The four United States Census regions were Northeast, Midwest, South, and
West. Race/ethnicity categories were Hispanic or Latino; Not Hispanic or Latino—Black or African American (NH Black); Not
Hispanic or Latino—White (NH White); and Not Hispanic or Latino—Other (NH Other). Age was categorized into 10-year
bands: 25-34 years, 35-44 years, 45-54 years, 55-64 years, 65-74 years, 75-84 years, and >85 years.
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Temperature Data Source and Collection

From the CDC WONDER North America Land Data Assimilation System (NLDAS) Daily Air Temperatures and Heat
Index (1979-2011) request, we obtained temperature data for the four United States census regions for the period
1999-2011. We subsequently conducted a separate analysis using NLDAS to obtain the corresponding temperature data
for 2012-2023. The downloaded dataset was the NLDAS Primary Forcing Data L4 Monthly 0.125%0.125 Degree V2.0
(NLDAS_FORA0125 M).**

Ambient air temperature metrics included monthly mean maximum temperature (Max Temp), monthly mean
minimum temperature (Min Temp), monthly mean temperature (Mean Temp), the within-month temperature range
(Monthly Range, defined as Max Temp-Min Temp), and the month-to-month temperature range (Month-to-Month
Range, defined as the absolute difference between consecutive months’ Mean Temp). All temperatures are expressed
in degrees Fahrenheit (°F).

Statistical Analysis

We calculated age-adjusted mortality rates (AAMRSs) per 100,000 population using direct standardisation to the 2000
United States standard population to account for temporal changes in age structure and ensure comparability across
years.”> From AAMRs at each time point, we derived the average annual percent change (AAPC) with corresponding
95% confidence intervals (CI).

To assess trends in AAMR, we applied the Joinpoint Regression Program, version 5.0.2 (National Cancer Institute),
fitting log-linear models to evaluate temporal patterns. The optimal number of joinpoints was selected by the software’s
model-selection procedure. Annual percent changes (APC) and 95% CIs were estimated using a grid-search strategy
allowing 0-2 joinpoints, with permutation testing and parametric methods for inference.

AAMR for AD from 1999 to 2023 were extracted and converted into annual time series. Variance stabilization was
performed using Box-Cox transformation with bias-adjusted back-transformation. The minimum order of differencing
was determined using the KPSS test to ensure stationarity. Three candidate models were fitted for each subgroup (sex and
the United States census region): non-seasonal autoregressive integrated moving average (ARIMA), exponential smooth-
ing state space models (ETS, including damped trend forms), and TBATS. Model performance was evaluated through
rolling-origin cross-validation with a 3-year forecast horizon, using root mean squared error (RMSE) as the selection
criterion. The best-performing model for each subgroup was refitted on the full dataset and used to generate 20-year
forecasts (through 2043), with both 80% and 95% prediction intervals. The COVID-19 period (2019-2021) was indicated
graphically but not incorporated as a predictor.

For the association between crude AD mortality and season, we stratified analyses by the United States census region
(Northeast, Midwest, South, West) and by season-spring (March-May), summer (June-August), autumn (September-
November), and winter (December-February). Within each stratum, we computed the mean monthly crude mortality rate
(per 100,000) and its 95% CI using the t distribution. Between-season differences within regions were evaluated using
one-way analysis of variance (ANOVA), followed by Tukey’s honestly significant difference (HSD) post-hoc compar-
isons; multiplicity-adjusted P values are reported.

For correlations between crude mortality and temperature metrics, we calculated Spearman’s rank correlation coefficients
(r) and two-sided P values within each stratum. To visualise exposure—response patterns without excessive smoothing, we
fitted separate generalized additive models (GAM) in each stratum using mgev with a smooth term for temperature.

For lagged temperature—mortality analyses, monthly mean temperature was centred within each United States census
region and scaled per +10 °F. We specified a lag structure of 0—3 months within regions (not pooled across regions). In
single-lag models, each lag (0-3) entered a Poisson log-linear regression with a log(population) offset; we report relative
risks (RR) per +10 °F with 95% ClIs. In multi-lag models, lags 0-3 were entered simultaneously; we report lag-specific
partial effects and the cumulative effect over lags 03, obtained by summing the relevant coefficients, estimating variance
via the delta method, and exponentiating to yield the cumulative RR.

Two-sided P<0.05 was considered statistically significant. All analyses and visualisations were performed in
R version 4.4.0.
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Results

Characteristics of Aortic Dissection Mortality in the United States in 2023

In 2023, there were 4,418 deaths from AD among adults aged >25 years in the United States, corresponding to an AAMR
of 1.73 (95% CI: 1.68-1.78) (Figure 1A and Table 1 and Supplementary Table S1). Across census regions, mortality was
highest in the Midwest (1,054 deaths; AAMR 1.96, 95% CI: 1.84-2.08), followed by the South (1,636 deaths; AAMR
1.66, 95% CI: 1.58-1.75), West (1,017 deaths; AAMR 1.71, 95% CI: 1.60-1.82), and Northeast (711 deaths; AAMR
1.52, 95% CI: 1.40-1.64). Marked geographic variation was observed at the state level. California reported the largest
absolute number of AD deaths (n=371), followed by Florida (n=317) and Texas (n=314). Vermont had the highest
AAMR (3.35, 95% CI: 1.72-5.28), followed by Alaska (3.28, 95% CI: 1.63—5.24) and Hawaii (3.05, 95% CI: 2.14-4.22)
(Figure 1B—E and Supplementary Figure S1A-C).

Sex-specific differences were notable: females accounted for 1,832 deaths (AAMR 1.24, 95% CI: 1.19-1.30), whereas
males accounted for 2,586 deaths (AAMR 2.19, 95% CI: 2.10-2.27) (Table 1 and Supplementary Table S1). Racial disparities
were also evident: non-Hispanic Black or African American individuals had the highest AAMR (2.75, 95% CI: 2.55-2.96),
whereas Hispanic or Latino individuals had the lowest (0.93, 95% CI: 0.83—1.04). By level of urbanization, AAMR was
slightly higher in nonmetropolitan areas (1.58, 95% CI: 1.45-1.72) than in metropolitan areas (1.45, 95% CI: 1.40-1.51).

Age-stratified analyses showed the largest number of deaths among individuals aged 75-84 years (n=978), followed
by those aged 65-74 years (n=862) and 55-64 years (n=826) (Table 1 and Supplementary Table S1). The highest
mortality rate occurred among adults aged >85 years (AAMR 11.67, 95% CI: 10.82-12.52), followed by those aged
75-84 years (AAMR 5.32, 95% CI: 4.99-5.66).
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Figure | The United States aortic dissection (AD) mortality, 1999-2023. (A) State-level AD death counts in 2023. (B) State-level age-adjusted mortality rates (AAMR) in
2023 (per 100,000; directly standardised to the 2000 United States population). (C) Scatterplot of 2023 state death counts versus AAMR. (D) Top 10 states by AAMR in
2023. (E) State-level AAMR trajectories, 1999-2023.

Temporal Trends in Aortic Dissection Mortality

From 1999 through 2023, a total of 86,943 AD deaths occurred among the United States adults aged >25 years. Although
the absolute number of deaths increased during this period, the overall AAMR declined, with an average annual percent
change (AAPC) of —0.37 (95% CI: —0.62 to —0.09) (Supplementary Table S2). Regionally, the most pronounced declines
were observed in the West (AAPC —1.03, 95% CI: —1.55 to —0.51) and Northeast (AAPC —0.71, 95% CI: —1.02 to —0.30)
(Figure 2A). At the state level (Figure 1E), California experienced the steepest decline (AAPC —2.07, 95% CI: —2.84 to
—1.36), followed by Alabama (AAPC —1.75, 95% CI: —2.57 to —0.94). In contrast, several states-including Tennessee,
South Carolina, Washington, Arkansas, Louisiana, Minnesota, Colorado, and Oklahoma-showed increasing trends, with
the largest rise in Oklahoma (AAPC 0.60, 95% CI: —0.95 to 2.40).

Sex-stratified analyses demonstrated declining AAMRSs in both female (AAPC —0.37, 95% CI: —0.66 to 0.04) and
male (AAPC —1.03, 95% CI: —1.38 to —0.68) (Figure 2B and Supplementary Table S2). Among racial groups, only non-
Hispanic Black or African American individuals showed an increasing trend (AAPC 0.29, 95% CI: —0.12 to 0.82)
(Supplementary Figure S2A). By urbanization, declines were steeper in metropolitan areas (AAPC —1.12, 95% CI: —1.46

to —0.63) than in nonmetropolitan areas (Figure 2C).

Age-specific analyses revealed decreasing trends in AAMR among adults aged 55-84 years, with the steepest decline among
those aged 6574 years (AAPC —2.33, 95% CI: —2.98 to —1.65) (Figure 2D and Supplementary Table S2). In contrast, mortality
increased among adults aged 25-54 years, most prominently in the 35-44 years group (AAPC 1.44, 95% CI: 0.89-2.03).
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Table | Counts and Age-Adjusted Mortality Rates (per 100,000) from Aortic Dissection Among 2 25 years Adults, Stratified by Sex, Race, Census Region, and Urbanization Level

Deaths 2023

Population 2023

Crude Rate 2023 (95% CI)

AAMR 1999 (95% CI)

AAMR 2023 (95% CI)

AAPC (95% CI)

Overall

Census Region
Northeast
Midwest

South

West

Gender

Female

Male

Race

Hispanic or Latino
NH Black or African American
NH White

NH Other
Urbanization
Metropolitan
Nonmetropolitan

4418

711
1054
1636
1017

1832
2586

311

750

3107

238

Deaths 2020
3131

608

231,529,762

40,402,747
47,312,396
89,219,544
54,595,075

118,635,845
112,893,917

38,599,156
28,042,483
144,415,042
20,473,081
Population 2020
194,600,110
32,028,405

1.91 (1.85, 1.96)

1.76 (1.63, 1.89)
2.23 (2.09, 2.36)
1.83 (1.74, 1.92)
.86 (1.75, 1.98)

1.54 (1.47, 1.61)
2.29 (2.20, 2.38)

0.81 (0.72, 0.90)
2.67 (2.48, 2.87)
2.15 (2.08, 2.23)
116 (1.01, 1.31)
Crude Rate 2020 (95% CI)
1.6 (1.55, 1.67)
1.90 (1.75, 2.05)

1.89 (1.82, 1.95)

1.81 (1.67, 1.94)
2.17 (2.03, 2.31)
1.74 (1.64, 1.84)
1.93 (1.79, 2.07)

136 (1.28, 1.43)
2.53 (2.41, 2.64)

1.19 (0.97, 1.41)
2.48 (2.24, 2.72)
1.87 (1.80, 1.95)
1.57 (1.24, 1.97)

AAMR 1999 (95% CI)

1.90 (1.83, 1.97)
1.86 (1.71, 2.01)

1.73 (1.68, 1.78)

1.52 (1.40, 1.64)
1.96 (1.84, 2.08)
.66 (1.58, 1.75)
1.71 (1.60, 1.82)

124 (1.19, 1.30)
2.19 (2.10, 2.27)

0.93 (0.83, 1.04)
2.75 (2.55, 2.96)
1.71 (1.65, 1.77)
125 (1.09, 1.41)

AAMR 2020 (95% CI)

1.45 (1.40, 1.51)
1.58 (1.45, 1.72)

~0.37 (-0.62, —0.09)

-0.71 (~1.02, —0.30)
~0.47 (-0.86, —0.08)
~0.17 (~0.59, 0.46)

~1.03 (~1.55, —0.51)

~0.37 (~0.66, 0.04)
~1.03 (~1.38, —0.68)

~1.42 (-2.05, —0.75)
029 (-0.12, 0.82)

~0.53 (~0.74, —0.26)
~1.94 (-2.95, —0.67)

~1.12 (~1.46, —0.63)
~0.38 (-0.83, 0.25)
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Joinpoint Analyses of Aortic Dissection Mortality

Joinpoint regression identified inflection points in recent years. Since 2013, AAMRSs have begun to rise across all census regions,
with the sharpest increase in the South (APC 2.71, 2012-2023) (Figure 3A and Supplementary Table S3). Sex-stratified analyses
showed mortality rising after 2011 in female (APC 2.52,2011-2023) and after 2012 in male (APC 1.86, 2012-2023) (Figure 3B).
Racial disparities persisted, with non-Hispanic Black or African American individuals showing a consistent increase from 2009
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Figure 2 Temporal evolution of aortic dissection (AD) deaths and mortality, 1999-2023. Trends in annual death counts and age-adjusted mortality rates (AAMR) stratified
by (A) census region (Northeast, Midwest, South, West), (B) sex, (C) urbanisation (metropolitan vs nonmetropolitan), and (D) age group (25-34, 35—44, 45-54, 55-64,
65-74, 75-84, 285 years).

onward (APC 2.67, 2009-2023) (Supplementary Figure S2B). Both metropolitan (APC 1.47, 2010-2023) and nonmetropolitan
(APC 2.49, 2010-2023) arcas demonstrated significant upward trends (Figure 3C).

By age, mortality in adults aged 25-44 years increased steadily without identifiable joinpoints (Figure 3D and
Supplementary Table S3). Other age groups showed a shift from declining to rising trends after 2012, with the sharpest
increase among adults aged 4554 years (APC 3.36, 2011-2023).
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Figure 3 Joinpoint analysis of aortic dissection (AD) mortality, 1999-2023. Joinpoint regression of age-adjusted mortality rates (AAMR) with estimated annual percent
change (APC) within segments, stratified by (A) census region, (B) sex, (C) urbanisation, and (D) age group. *Indicates that the APC is significantly different from zero at
the alpha = 0.05 level.

Forecasting of Mortality for Aortic Dissection by Sex and Census Region

Figure 4A-F illustrates historical and forecasted AAMR for AD stratified by sex and the United States census region.
Among females and males (Figure 4A and B), AD-related AAMR showed a modest decline in the early 2000s,
stabilization in the 2010s, and a plateau during the COVID-19 period (2019-2021). Forecasts generated by damped
ETS models indicated a gradual increase in AD mortality over the next two decades, with males consistently projected to
have higher rates than females.

Regional analyses revealed pronounced heterogeneity. The Midwest and Northeast demonstrated declines in AD
mortality after the mid-2000s; however, ARIMA-based forecasts suggested a mild rebound in subsequent years, albeit
with widening uncertainty over time (Figure 4C and D). The South exhibited persistently elevated mortality throughout
the study period, and forecasts predicted a continued upward trajectory under a damped ETS model (Figure 4E). By
contrast, the West maintained the lowest observed AAMR but was still projected to experience gradual increases in the
future (Figure 4F). Collectively, these projections highlight the persistence and potential escalation of the AD burden
across sexes and regions, with particularly concerning trends in the South and Midwest.

Effects of Temperature and Temperature Variability on Aortic Dissection Mortality

Mortality from AD exhibited pronounced seasonal variation. Between 1999 and 2011, monthly AAMRs were inversely
correlated with average monthly temperatures across census regions (Figure 5A). Seasonal aggregation confirmed that
AAMRs were lowest in summer and highest in winter. Compared with summer, winter AAMRs were significantly
elevated across all regions (P < 0.001), suggesting that lower temperatures are associated with higher mortality risk
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Figure 4 Forecasts of age-adjusted mortality rates (AAMR) for aortic dissection (AD) by sex and census region. Observed AD-related AAMR are presented as solid black
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(Figure 5B).Correlation analyses demonstrated significant negative associations between AAMR and temperature
indicators (average high, low, mean, and variability) in all census regions, indicating that mortality risk decreased with
rising temperature (Figure 5C and Supplementary Table S4). Lagged analyses showed strong contemporaneous associa-
tions between lower temperatures and higher mortality (Lag O correlation coefficients ranging from —0.44 to —0.55). By
Lag 3 (three months later), correlations weakened or became slightly positive (eg, West region, r=0.13) (Figure 5D and
Supplementary Table S5).Poisson regression models indicated that a 10°F increase in temperature was associated with
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Figure 5 Associations between temperature metrics and aortic dissection (AD) mortality, 1999-201 |. (A) Monthly time series of mean air temperature and monthly AD age-
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significantly reduced mortality risk in most regions under all-lags models (eg, South, RR=0.889; 95% CI: 0.849—0.931)
(Figure 5E). Similar results were observed in single-lag models.

Subsequently, because the temperature data were derived from different sources, we used the period 2012-2023 as
a validation analysis (Supplementary Figure S3A-D). When month-to-month temperature changes were analysed by

direction, cooling (ATemp < 0) was consistently associated with increases in crude mortality in the Northeast (r = —0.34,
p = 0.0037) and the West (r = —0.38, p = 0.0014), whereas warming showed no significant associations (Supplementary
Figure S3C). This directional asymmetry suggests a dominant cold-related effect. In contrast, analyses based on the
absolute magnitude of temperature change (JATemp|) demonstrated significant positive associations with mortality
variability in the Northeast (r = 0.25, p = 0.0026) and the West (r = 0.19, p = 0.023), indicating that larger temperature
fluctuations, irrespective of direction, were associated with greater mortality instability. No significant associations were
observed in the Midwest or the South, highlighting substantial regional heterogeneity (Supplementary Figure S3B).

Discussion

In this nationwide, population-based study drawing on the United States CDC WONDER data from 1999-2023, we report
several key observations regarding AD mortality. First, the overall AD mortality rate declined initially but has risen
continuously since 2013. Second, males have higher AD mortality than female, although the post-2013 increase has been
steeper in female. Third, Black or African American individuals exhibit the highest AD mortality, with an upward trajectory
over time. Compared with metropolitan areas, nonmetropolitan areas show lower AD mortality and a faster rate of decline.
Fourth, AD mortality increases with age; however, since 2012, upward trends are evident across age strata, most
prominently in those aged 4554 years. In analyses integrating monthly temperature metrics (1999-2023), colder condi-
tions and abrupt temperature changes were associated with higher AD mortality risk, whereas warmer temperatures
appeared protective. To our knowledge, this study provides the most up-to-date characterization of AD mortality in the
United States and is the first to evaluate the contribution of month-to-month temperature variation to AD mortality risk.

Epidemiological evidence on AD in the United States remains limited. Salik et al described demographic and
geographic disparities in AD mortality from 1999-2019, noting an initial decline followed by a persistent increase from
2012-2019, with particularly marked rises among female and non-Hispanic Black or African American populations.'?
Other series pre-date 2019.>°® Additional reports have addressed AD-related mortality in the context of specific
comorbidities-including pregnancy, hypertension, heart transplantation, mental health disorders, and diabetes.” >*
Against this background, our study offers essential, contemporary updates to the epidemiology of AD in the United States.

Beyond epidemiology, identifying risk factors for the onset and mortality of AD is also crucial. Multiple studies have
shown that male sex, aging, hypertension, and hyperlipidemia are independent risk factors for AD.*®**> Among patients
with AD, male account for approximately 65%, which may be attributed to the protective effects of estrogen on the
cardiovascular system in females, as well as a higher prevalence of risk factors such as smoking, hypertension, and
atherosclerosis in males.*®>® Aging promotes AD by inducing progressive medial degeneration, characterized by elastic
fiber fragmentation, loss of the contractile phenotype of vascular smooth muscle cells (VSMCs), chronic low-grade
inflammation, and extracellular matrix dysregulation, ultimately rendering the aging aorta structurally fragile and more
susceptible to acute hemodynamic stress.***° In addition, non-Hispanic Black individuals tend to be diagnosed with AD
at a younger age and are more likely to have histories of cocaine use, hypertension, and diabetes.”*! Collectively, these
studies highlight a close association between AD development and lifestyle-related factors.

The impact of ambient temperature on vascular disease is increasingly recognised.** ** In a case-crossover analysis
from the Registry of AD in China encompassing 8,182 acute aortic dissection (AAD) cases across 14 tertiary hospitals in
11 cities (2009-2019), lower ambient temperatures and day-to-day temperature drops were associated with higher AAD
incidence.'”*® A separate nationwide Chinese study including 40,270 AAD patients likewise demonstrated significant
associations between low temperature, falling temperature, and AAD onset.”’ Consistent findings were reported in Japan,
where a nationwide time-stratified case-crossover study linked lower ambient temperature with increased AAD-related
hospitalisation risk.'® Additional reports corroborate associations between AD incidence or operative volume and low
ambient temperature or hypothermia.>'**’>*> Notably, a single nationwide case-crossover analysis from Brazil (a
predominantly tropical country) found that lower temperatures were associated with increased mortality from aortic
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aneurysm and dissection.'” Against this backdrop, our study is, to our knowledge, the first nationwide, population-based
analysis in the United States leveraging CDC WONDER to examine, using time-series methods, the association between
monthly temperature patterns and AD mortality.

Globally, the incidence and mortality of AD exhibit marked geographic heterogeneity. The global incidence of AD is
estimated at approximately 2.6 to 3.5 cases per 100,000 person; however, it is higher in certain countries, including about
6 per 100,000 person in the United Kingdom,>* 7.2 per 100,000 in Sweden,’> 4.99 per 100,000 in New Zealand,’® and
2.35 per 100,000 person in China.® Nevertheless, owing to the lack of comprehensive, global prospective population-
based studies, high-quality epidemiological data on AD remain limited. Nationally representative or global data on AD
mortality are also scarce. Even within the Global Burden of Disease (GBD) database, which covers more than 300
conditions, only mortality data for aortic aneurysm are available.””® In addition, differences in global climate zones and
patterns of temperature exposure further exacerbate the burden of AD. Although global warming is associated with rising
mean temperatures, climate change is increasingly characterized by amplified temperature variability and more frequent
extreme weather events, including sudden cold spells.’®*° Such temperature fluctuations adversely affect the cardiovas-
cular system and may remain a key driver of future AD incidence and mortality.*>¢"!

From a mechanistic perspective, low ambient temperature and abrupt temperature fluctuations may increase the risk
of AD onset and mortality through a pathway of acute triggering superimposed on underlying vulnerability. First, cold
exposure rapidly activates the sympathetic nervous system and induces peripheral vasoconstriction, leading to increased
blood pressure variability and acute elevations in aortic wall stress and shear forces, thereby facilitating intimal tearing %>
Second, winter is accompanied by seasonal changes in blood rheology and coagulation tendency, such as increased plasma
viscosity, fibrinogen levels, and coagulation factor activity, together with enhanced inflammation and endothelial
dysfunction.®**** These changes render the aortic media more susceptible to stress and may aggravate organ hypoperfusion
and the risk of complications. Finally, behavioral factors associated with cold seasons, including infections, reduced or
altered physical activity, and delays in seeking medical care, may further contribute to an increased risk of AD.%>°

There were several limitations in this study. First, this study spans a long time horizon and a large population, but it lacks
granular, patient-level clinical information-such as pre-existing comorbidities and treatments-that is essential for disentangling
the complexity of outcomes in AD. Second, the absence of mechanistic laboratory validation constrains the biological
inferences that can be drawn from the epidemiological findings. In addition, heterogeneity in state-level data collection
practices may introduce bias and obscure true regional differences in mortality. Third, our analysis of monthly temperatures
across the four United States census regions may be subject to regional bias in the averaged values, and the use of monthly
means may obscure diurnal variation and abrupt temperature changes within a month. Analyses conducted at the level of the
four United States census regions may also be susceptible to spatial aggregation and ecological bias.

Despite these limitations, our time-series framework, multiple subgroup analyses, and complementary statistical
approaches support the robustness of the results. We show that, although the United States AD mortality declined overall,
a rebound has emerged in recent years, with pronounced heterogeneity by region, sex, race, urbanisation, and age.
Importantly, we identify seasonality in AD mortality, with low ambient temperature emerging as a key risk factor for
increased mortality. Given the abrupt presentation and high lethality of AD, these findings have practical implications for
prevention and preparedness—including cold-weather protection strategies, winter hospital surge planning, and clinician-
led cold-weather health education.

Conclusion

The United States AD mortality exhibits a recent upswing superimposed on long-term declines, with disproportionate
burdens in males, Black populations, and older adults, and heterogeneity across regions and urbanisation levels. Winter-
dominant seasonality and inverse temperature—mortality relationships indicate that cold exposure and thermal volatility
are important population-level hazards. These findings support targeted cold-weather protection (patient education,
community alerts, and home-heating support), winter surge planning for hospitals, and geographically tailored adaptation
strategies. Future work should integrate patient-level clinical data with high-resolution meteorological exposures
(including diurnal variability) to refine risk estimates and inform precision prevention.
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