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Objective: While prior studies link individual meteorological and air quality factors to acute aortic dissection (AAD), their combined 
lagged effects remain poorly understood. This study evaluates how air pollution and weather conditions collectively influence AAD 
risk in Urumqi, China.
Methods: The results show that the onset of AAD predominantly occurs in the cold season, exhibiting distinct seasonal character-
istics. Meanwhile, PM2.5, PM10, SO2, and the average dew point are significantly correlated with an increased risk of AAD. Males 
are more sensitive to certain pollutants (PM2.5, PM10, SO2) and the average dew point. In contrast, in females, CO surprisingly has 
a protective effect. Among people aged ≤ 50, O3_8h and the average dew point have a strong cumulative correlation with the 
incidence of AAD, while CO exposure and the maximum sustained wind speed are negatively correlated with the incidence of AAD. 
Individuals aged over 50 show little sensitivity to air pollutants and meteorological conditions. Under extreme conditions, the 
concentrations of PM2.5, SO2, and PM10 can still increase the risk of AAD onset.
Conclusion: Air pollution and meteorological factors significantly impact AAD risk, highlighting the need to consider these factors in 
prevention and management strategies.
Keywords: acute aortic dissection, air pollution, DLNM, meteorological factors, time series

Background
Acute aortic dissection (AAD) arises from various factors that cause a tear in the inner layer of the aorta, allowing blood 
to flow from the aortic lumen (true lumen) into the middle layer, creating a false lumen. This condition can result in 
varying degrees of dissection along the longitudinal axis of the aorta and represents a highly lethal cardiovascular 
emergency. In patients with AAD, if no treatment is given, the mortality rate is 33% within the first 24 hours after the 
onset of the disease. It will rise to 50% within 48 hours. If the disease remains undiagnosed after two weeks, the 
mortality rate will approach 75%. The mortality rate increases by 1% every hour.1

Human physiological activities are closely influenced by natural environmental conditions, and recent research has 
indicated a potential impact of meteorological factors and air pollutants on AAD incidence.2 From studies that have been 
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conducted, we found a significant correlation between AAD occurrence and changes in maximum temperature one or two 
days prior, as well as the maximum temperature itself. Cold weather and abrupt temperature drops have been identified as 
potential triggers for AAD, with variations observed across different subgroups.3 Additionally, seasonal and monthly 
variations have been linked to AAD occurrence, with lower temperatures being associated with a higher incidence of 
aortic dissection. However, the relationship between AAD incidence and factors such as meteorological conditions, air 
quality, and seasonal trends remains a subject of debate.

Urumqi, the most inland city in the world, often referred to as the “Asian capital”, presents a unique setting for 
examining the influence of climate on health. As depicted in Supplementary Figure 1, Urumqi is situated in the northwest 
region of China, between 42°45′-44°08′ north latitude and 86°37′-88°58′ east longitude, encompassing a total area of 
13,800 square kilometers. Under its temperate continental arid climate, the city endures year-round dryness, with rainfall 
increasing with altitude. Seasons are unevenly paced; spring and autumn are fleeting, while winter, lasting about five 
months, brings intense cold, and summer lingers, marked by large day-night temperature swings and stark hot-cold 
contrasts.4 Understanding the relationship between meteorological factors, air quality, and the occurrence of AAD is 
crucial for enhancing the prevention and management of this life-threatening condition. Such insights can inform targeted 
strategies to mitigate risk and enhance patient outcomes.

Methods and Materials
Study Population
Data on patients with AAD were provided by the People’s Hospital of Xinjiang Uygur Autonomous Region (Urumqi, 
Xinjiang, China), which is recognized as the leading hospital in Xinjiang, serving the highest number of patients and 
being the preferred medical facility for individuals from Xinjiang and neighboring regions. The data covered the period 
from November 28, 2013, to June 1, 2021. For this study, AAD patient data were obtained from the electronic medical 
record system. Inclusion criteria were as follows: 1) Age ≥ 18 years; 2) Definitive diagnosis of AAD confirmed by aortic 
computed tomography (CT) or magnetic resonance imaging (MRI) at the hospital’s imaging center, with subsequent 
validation via aortography, transthoracic cardiac Doppler ultrasound, or transesophageal echocardiography; 3) 
Availability of a clear history of symptom onset. Exclusion criteria were: 1) Age < 18 years; 2) Presence of heart failure 
or valvular heart disease; 3) Presence of connective tissue disorders; 4) Diagnosis of related genetic conditions, such as 
Marfan syndrome; 5) Traumatic or iatrogenic aortic dissection; 6) Inability to determine the exact onset time of 
symptoms; 7) Residence outside of Urumqi.

Meteorological and Air Pollution Data
Python was used to efficiently download air quality data for Urumqi city from the website http://tianqihoubao.com, 
covering the period from October 28, 2013, to June 1, 2021. The dataset included daily average concentrations of the air 
quality index (AQI), PM10, PM2.5, NO2, SO2, O3, and CO_8h. Additionally, meteorological data for Urumqi city from 
October 28, 2013, to June 1, 2021, were obtained from https://rp5.ru/. This dataset encompassed daily maximum and 
minimum temperatures, daily average dew point, daily maximum sustained wind speed, and daily rainfall. Based on the 
climatic conditions of Urumqi, two seasons were defined: the warm season, from April to September, and the cold 
season, spanning October to March.

Statistical Analysis
Descriptive statistical analysis was conducted on the baseline data. Normality tests were conducted on continuous 
variables. For variables with a normal distribution, the mean and standard deviation were used for representation, 
while for non-normally distributed variables, the median and interquartile range were used to describe the data related to 
meteorological factors and atmospheric pollutants. Time series plots were generated to illustrate the seasonal distribution 
of AAD occurrences and their associated factors. The Spearman correlation method was applied to assess the relation-
ships between various factors and AAD incidence. The correlation between meteorological variables, as determined by 
the Spearman correlation coefficient, was categorized into five levels: no correlation (0.00–0.30), low correlation 
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(0.30–0.50), moderate correlation (0.50–0.70), high correlation (0.70–0.90), and very high correlation (0.90–1.00). To 
further assess multicollinearity among variables, the variance inflation factor (VIF) was calculated for all air pollutants 
and meteorological variables.

Considering that the influence of meteorological factors on disease incidence is often nonlinear and exhibits 
pronounced lag effects, and recognizing the rarity of AAD cases in Urumqi, a quasi-Poisson generalized linear regression 
model combined with a distributed lag nonlinear model (DLNM) was applied to assess the effects of meteorological 
conditions and air quality factors on AAD incidence. The DLNM included a two-dimensional cross-basis function that 
accounted for both exposure and lag dimensions, allowing for a quantitative assessment of the nonlinear relationships and 
lagged effects between the studied variables and AAD risk. Seasonal variations, cyclical patterns, weekend effects, and 
holiday influences were controlled in the model, while other relevant air pollutants and meteorological factors were 
included as covariates in the time series model. The model was structured as follows:

Yt ~ quasipoisson(μt)
Log(μt)=α+cb(Xt,lag)+ns(Time,df)+ns(Weather,df)+ns(Pollutants,df)+ηDOW + γ Holiday
In this model, t represents the observation date (t=1, 2, 3)., and μ_t denotes the number of daily AAD cases observed 

over t days. The parameter α serves as the model intercept, while cb (X_t, lag) refers to the cross-basis function 
incorporating meteorological variables and air pollutants. The term df denotes the degrees of freedom, and ns represents 
the natural cubic spline function used to control for long-term trends. The term “Weather” captures the influence of 
meteorological variables, whereas “Pollutants” represents the effects of air contaminants. DOW functions as a categorical 
variable to account for day-of-week variations, and “Holiday” adjusts for the impact of holidays, with η and γ as their 
corresponding coefficients.

For this study, df were selected based on the principle of minimizing the sum of absolute values of the partial 
autocorrelation function derived from model residuals, along with relevant literature. To assess potential lag effects of 
meteorological factors and air pollutants, the lag days for AAD were set to zero, with a maximum lag period of 30 days. 
The degrees of freedom for temporal variables were specified as 30 per year, while those for meteorological factors and 
atmospheric pollutants were set at 3.

A stratified analysis was also performed to examine the effects of air pollution and meteorological factors across 
various subgroups, including gender (male and female), age ≤ 50 years and > 50 years), hypertension status (present or 
absent), diabetes status (present or absent), and season (warm and cold). All statistical analyses were conducted using the 
“DLNM”, “Spline”, and “mgcv” packages in R software (version 4.1.0). P-values were computed as two-tailed, with 
a threshold of P < 0.05 considered indicative of statistical significance.

Result
Descriptive Statistical Analysis
According to Table 1, 1784 AAD patients were enrolled. Males accounted for 79.6%, females for 20.4%, with an average 
age of 52.6±11.7 years. Hypertension history was present in 74.7%, and 4.8% (n=85) had diabetes. Seasonally, 61.8% of 

Table 1 Patient Demographics and 
Baseline Characteristics

Variables Levels Stats

Sex Male 1420 (79.6%)
Female 364 (20.4%)

Age Mean ± SD 52.6 ± 11.7

Hypertension No 452 (25.3%)
Yes 1332 (74.7%)

Diabetes No 1699 (95.2%)

Yes 85 (4.8%)
Season Warm 681 (38.2%)

Cold 1103 (61.8%)
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cases occurred in the cold season and 38.2% (n=681) in the warm season. Supplementary Figure 2 indicates that the air 
quality and meteorological data from 2013 to 2021 deviated from normal distribution. Table 2 presents the meteorolo-
gical and air quality data for days with and without AAD. The results show that there are differences in the average dew 
point, maximum temperature, minimum temperature, PM2.5, PM10, SO2, NO2, CO, O3_8h, and AQI between the 
groups (P < 0.05). Meanwhile, AAD occurs more frequently in the cold season (P < 0.001).

Seasonal Distribution
Supplementary Figure 3 and Figure 1 depict the temporal distribution of various meteorological factors—including 
maximum sustained wind speed, dew point, maximum temperature, minimum temperature, and precipitation—and air 
pollutants such as CO, NO2, O3, PM2.5, PM10, and SO2, along with the number of AAD cases in Urumqi, Xinjiang, 
from October 28, 2013, to June 1, 2021. Notably, dew point, minimum temperature, maximum temperature, and PM2.5 
display distinct seasonal variations, with AAD cases predominantly occurring during the cold season.

Correlation Analysis
Figure 2 depicts the Spearman correlation between meteorological factors, air quality, and AAD incidence. The analysis 
revealed significant correlations (p < 0.01) among the daily average concentrations of most air pollutants. The strongest 
correlation was identified between NO2, CO, and PM2.5 (r=0.835). Additionally, the correlation between AQI and the 
six pollutants partially reflects the contributions of these pollutants to the AQI levels of Urumqi. The highest correlations 
with AQI were observed for particulate matter pollutants (PM10, PM2.5) (r=0.939, r=0.913), whereas SO2 and O3_8h 
exhibited weaker correlations with AQI (r < 0.7). Strong correlations were also found between maximum temperature, 
minimum temperature, and O3_8h (r=0.733, r=0.731), while other factors demonstrated varying levels of correlation. 
However, the VIF and tolerance values indicated the presence of multicollinearity among the meteorological factors and 
air quality variables. To address this, maximum temperature, AQI, and NO2 were excluded to mitigate significant 
collinearity (Supplementary Table 1). Despite the absence of strong correlations for some variables, their potential non- 
linear relationships and lag effects on AAD incidence warranted further investigation.

Analysis of Lag Association
Supplementary Table 2 and Figure 3 show the individual effects of pollutants and meteorological factors on AAD 
incidence at different lag days. PM2.5 was significantly associated with AAD incidence from lag 10–14 days, peaking at 
lag 12 day (RR=1.061, 95% CI: 1.008, 1.116). PM10 had a significant correlation with AAD incidence at lag 29–30 days, 
with the highest risk at lag 29 day (RR=1.124, 95% CI: 1.007, 1.255). SO2 was significantly correlated with AAD 

Table 2 Meteorological Factors and Air Quality of days with and without AAD Occurrence

Variables Overall, (N = 2,774) Non-AAD (N=1471) AAD (N=1303) P

MSWP 5.80 (5.80, 7.80) 5.80 (5.80, 7.80) 5.80 (5.80, 7.80) <0.001

Rainfall 0.00 (0.00, 0.02) 0.00 (0.00, 0.02) 0.00 (0.00, 0.02) 0.882

Dew point 28.30 (15.20, 41.50) 32.10 (19.00, 43.60) 25.40 (12.20, 36.70) <0.001
Maximum temperature 14.00 (−1.00, 25.00) 18.00 (1.00, 27.00) 10.00 (−3.00, 22.00) <0.001

Minimum temperature 5.00 (−8.00, 15.00) 8.00 (−5.50, 17.00) 1.00 (−10.00, 11.00) <0.001

PM2.5 36.00 (22.00, 83.00) 33.00 (21.00, 68.50) 42.00 (23.00, 101.00) <0.001
PM10 91.00 (58.00, 145.00) 89.00 (58.00, 138.00) 94.00 (58.00, 156.00) 0.014

SO2 9.00 (7.00, 15.00) 9.00 (7.00, 14.00) 10.00 (7.00, 16.00) 0.007

NO2 42.00 (31.00, 58.00) 41.00 (30.00, 54.00) 44.00 (32.00, 62.00) <0.001
CO 0.90 (0.66, 1.75) 0.84 (0.63, 1.48) 1.04 (0.70, 2.02) <0.001

O3_8h 42.00 (21.00, 66.00) 47.00 (24.00, 69.00) 36.00 (19.00, 61.00) <0.001

AQI 78.00 (57.00, 126.00) 76.00 (57.00, 112.00) 81.00 (57.00, 143.50) <0.001

Abbreviations: MSWP, maximum sustained wind speed; AQI, air quality index.
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incidence at lag 29–30 days, with the greatest risk at lag 30 day (RR=1.338, 95% CI: 1.083, 1.653). Each 1°C increase in 
average dew point was linked to a higher AAD risk, especially at lag 1–2 and 16–20 days, peaking at lag 0 (RR=1.786, 
95% CI: 1.184, 2.693). No significant associations were found between AAD incidence and PM10, CO, SO2, O3_8h, 
minimum temperature, or maximum sustained wind speed. Supplementary Table 3 shows the cumulative effects of 
relevant factors on AAD incidence over 0–30-day lags. PM2.5 had a significant cumulative effect from lag 0–16 to 0–30 
days, with the highest risk at lag 0–30 day(RR=1.872, 95% CI: 1.046, 3.349). Average dew point had significant 
cumulative effects from lag 0–0 to 0–5 and 0–20 to 0–23 days, peaking at lag 0–3 day (RR=3.158, 95% CI: 1.327, 
7.514). Minimum temperature had a protective cumulative effect from lag 0–2 to 0–9 days, strongest at lag 0–8 day 
(RR=0.459, 95% CI: 0.231, 0.912).

Figure 4 shows dose-response relationships of meteorological factors and air pollutants with daily AAD occurrences, 
using median values as references. Most variables had non-linear relationships, except for maximum sustained wind 
speed, rainfall, dew point, PM10, CO, and O3_8h, which had no significant associations. Notably, the dose-response 
curve between minimum temperature and daily AAD occurrences formed an inverted “V” shape, indicating a protective 
effect of higher minimum temperatures, with the greatest effect observed at 27°C (RR=0.197, 95% CI: 0.040, 0.972). The 
relationship between SO2 concentration and AAD incidence followed an approximate “S” shape, with the highest risk 
occurring at 29.4 µg/m³ (RR=1.389, 95% CI: 1.002, 1.925). Additionally, low PM2.5 concentrations were associated 
with increased AAD risk, peaking at a concentration of 5 µg/m³ (RR=1.932, 95% CI: 1.046, 3.570).

Subgroup Analysis
Supplementary Tables 4 and 5 present single effect estimates stratified by gender. In males, PM2.5, PM10, SO2, and dew 
point increased AAD risk at specific lag days: PM2.5 at lag 12 day (RR=1.061, 95% CI: 1.001, 1.125), PM10 at lag 
30 day (RR=1.252, 95% CI: 1.035, 1.516), SO2 at lag 30 day (RR=1.385, 95% CI: 1.091, 1.757), and average dew point 
at lag 0 day (RR=1.909, 95% CI: 1.199, 3.041). Maximum sustained wind speed decreased AAD risk in males, with the 
best protection at lag 25 day (RR=0.885, 95% CI: 0.794, 0.986). In females, rainfall was associated with an increased 
AAD risk, peaking at lag 30 day (RR=1.225, 95% CI: 1.022, 1.470), and CO had a protective effect, strongest at lag 1 
(RR=0.882, 95% CI: 0.802, 0.970). Supplementary Tables 6 and 7 show cumulative effect estimates by gender. In males, 
PM2.5 and dew point increased AAD risk, peaking at lag 0–30 day (RR=2.352, 95% CI: 1.206, 4.587) and lag 0–3 day 
(RR=3.534, 95% CI: 1.322, 9.442) respectively. In females, PM2.5 and dew point had no significant cumulative 
associations. CO had a cumulative protective effect in females, with the highest effect at lag 0–6 day (RR=0.608, 
95% CI: 0.432, 0.855).

Figure 1 The time series map of AAD for Urumqi City covering the period from October 28, 2013 to June 1, 2021. 
Abbreviation: AAD, Acute Aortic Dissection.
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Supplementary Tables 8 and 9 show single and cumulative effect estimates for hypertensive patients. Dew point 
significantly raises AAD risk in this group, with the highest single effect at lag days 0 and 16 day (RR=1.835, 95% CI: 
1.113, 3.027) and the maximum cumulative effect at lag 0–2 day (RR=2.939, 95% CI: 1.093, 7.906). CO’s single effect 
varies: it’s protective from lag 2–6 days and harmful from lag 13–19 days. Its cumulative effect is protective from lag 
0–4 to 0–15 days, peaking at lag 0–9 (RR=0.732, 95% CI: 0.606, 0.885).

Supplementary Tables 10 and 11 show that in diabetic patients, CO, dew point, and minimum temperature increase 
AAD risk, with peak single effect estimates at lag 0 day (RR=1.371, 95% CI: 1.018, 1.846), lag 22 day (RR=1.487, 95% 
CI: 1.005, 2.198), and lag 21 day (RR=1.468, 95% CI: 1.008, 2.138) respectively. O3_8h may reduce AAD risk in them, 
with the highest protective effect at lag 28 day (RR=0.547, 95% CI: 0.329, 0.908). CO has a cumulative effect of 
RR=1.371 (95% CI: 1.018, 1.846) at lag 0–0, and O3_8h at lag 0–30 (RR=0.044, 95% CI: 0.002, 0.992).

Supplementary Tables 12–15 present the single and cumulative associations at different age subgroups. In individuals 
aged ≤ 50, O3_8h and dew point exhibited strong cumulative correlations with AAD incidence, reaching their peak at 
lag day 0–2 and lag 0–4 day, respectively (O3_8h: RR=2.237, 95% CI: 1.210, 4.136; dew point: RR=5.363, 95% CI: 
1.441, 19.953). Notably, no such associations were observed in the > 50 age group. Additionally, in the ≤ 50 age group, 
CO exposure and maximum sustained wind speed were inversely associated with AAD incidence, with the strongest 
cumulative protective effects at lag day 0–12 for CO (RR=0.695, 95% CI: 0.552, 0.875) and at lag day 0–28 for wind 

Figure 2 Spearman’s rank correlation between daily air pollutant, and meteorological factors. 
Abbreviations: wind_speed, maximum sustained wind speed; dew_point, average dew point; maximum_temperature, maximum temperature; minimum_temperature, 
minimum temperature; AQI, air quality index.
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speed (RR=0.080, 95% CI: 0.014, 0.463). Conversely, individuals over 50 revealed no sensitivity to either air pollutants 
or meteorological conditions.

Figures 5 and 6 illustrate the relationships among extreme pollutant concentrations, extreme weather conditions, and 
the incidence of AAD across various lag periods. Throughout the entire lag period, there is a protective association 
between lower maximum sustained wind speed and AAD incidence. Conversely, lower PM2.5 concentrations are 
associated with an increased risk of daily AAD incidence, with the peak relative risk observed at a 30-day lag. Lower 
SO2 and PM10 concentrations also significantly increase the occurrence of AAD, peaking at a 30-day lag as well. 
Extreme high temperatures have a protective effect on AAD incidence, following an “M”-shaped pattern, with the 
strongest effect at lag 0 day and a gradual weakening over time. Additionally, while low maximum sustained wind speed 
reduces the AAD risk, high wind speeds increase the risk during specific lag periods. High PM10 levels are significantly 
associated with an increased AAD risk, with the strongest correlation at lag day 0. Regardless of humidity levels, no 
significant association was detected between O3_8h and AAD risk. Both high and low dew point temperatures initially 
exhibit protective effects, but as the number of lag days increases, they later transform into factors that increase the risk 
of AAD incidence.

Figure 3 Contour plots of the single-day lagged association between air pollution, meteorological factors, and daily AAD occur. The horizontal and vertical axes represent 
the value ranges of each factor and the lag days, respectively.
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Discussion
The city of Urumqi experiences substantial air pollution and notable climate fluctuations, largely attributed to its unique 
geographical location and climatic conditions. The objective of the study was to comprehensively analyze recent trends 
in the incidence of AAD in Urumqi, along with the demographic characteristics of the affected population. GLM and 
DNLM were used to examine the relationship between environmental factors and AAD occurrences in Urumqi from 
2013 to 2021. The findings indicate a nonlinear, lagged association between air pollutants, meteorological conditions, and 
daily AAD occurrences. Specifically, factors such as dew point, PM2.5, PM10, CO, and SO2 were significantly 
correlated with an increased risk of AAD. Conversely, lower minimum temperatures were associated with a reduced 
risk. This pattern indicates that varying risk factors may differentially influence the human cardiovascular system. 
Consequently, further research is required to examine the complex relationships between air pollutants, meteorological 
factors, and AAD admissions.

The seasonal analysis revealed that the peak incidence of AAD is concentrated during colder seasons, displaying clear 
seasonal patterns, which align with findings from previous studies. The incidence is higher in winter and lower during the 
summer months, indicating a possible seasonal influence on the onset of AAD.5 In winter, exposure to low temperatures 
activates the sympathetic nervous system, leading to increased secretion of catecholamines. This response results in 
a higher heart rate, vasoconstriction, elevated peripheral vascular resistance, and increased systemic blood pressure, 
which collectively elevate the risk of AAD.6

Figure 4 Impacts of meteorological factors and air pollution concentrations on daily occurs for AAD within 30 days.
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In 2018, a study identified PM2.5 and SO2 as independent predictors of AAD incidence.7 Subsequent research further 
established a significant association between short-term exposure to PM2.5, PM10, and SO2 and the daily occurrence of 
AAD. Notably, PM10 and SO2 were strong predictors of AAD incidence in regions with moderate pollution levels.8 

These observations are consistent with the results of the current study. The role of PM2.5 in inducing AAD may be 
related to the activation of the ERK 1/2 MAPK signaling pathway, which contributes to apoptosis in human aortic 
smooth muscle cells.9 Additionally, this study found that an increase in dew point is associated with a higher risk of 
AAD, while a decrease in minimum temperature correlates with a reduced risk of AAD. This finding is consistent with 
previous research, which has demonstrated a significant correlation between low temperatures and AAD onset.10 The 
increased risk of AAD associated with higher dew points could be explained by several mechanisms: high dew points are 
often correlated with elevated temperatures and relative humidity, which can inhibit sweat evaporation and lead to 
increased core body temperature. In response, the body initiates peripheral vasodilation and sweating to reduce core 
temperature, potentially resulting in dehydration, blood concentration, and electrolyte imbalances. These changes may 
further activate the sympathetic nervous system, leading to tachycardia. Furthermore, exposure to heat can stimulate the 
release of endotoxins from the intestines, as well as IL-1 and IL-6 from muscle tissue into the systemic circulation, which 
triggers the activation of white blood cells and initiates an inflammatory response. This release of pro-inflammatory 

Figure 5 Lag association between extreme low air pollutant concentrations, extreme low meteorological factors, and daily occurs for AAD.
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cytokines contributes to a range of inflammatory and procoagulant processes, which can promote the occurrence of AAD 
by increasing the expression of tissue factor, thrombomodulin, and von Willebrand factor. It may also inhibit fibrinolysis 
and decrease the levels of protein C, protein S, and antithrombin III, resulting in a procoagulant state.

Subgroup analysis revealed notable differences in susceptibility to environmental factors between genders. Males 
demonstrated heightened sensitivity to PM2.5, PM10, SO2, and dew point, whereas females did not reveal significant 
cumulative relationships with these factors across varying lag days. Interestingly, elevated CO levels were associated 
with a reduction in AAD occurrences among females. The findings also indicate that males may be more vulnerable to 
cardiovascular damage linked to air pollution.11

In terms of age-related differences, exposure to O3_8h and higher dew point values was associated with an 
increased risk of AAD in the ≤ 50 group, while no sensitivity to meteorological factors or air pollutants was observed 
in those over 50. Prior research has identified the average age of AAD onset as approximately 52.4 years, which aligns 
with the findings of this study. This could be attributed to the characteristics often seen in younger patients diagnosed 
with AAD, such as obesity and the presence of intimal flaps extending beyond the aortic branches. These factors can 
increase the non-true lumen blood supply, reduce perfusion to vital organs and the lower extremities, and increase 
associated risks.12 However, other studies have indicated that AAD is more frequently observed in older populations, 

Figure 6 Lag association between extreme high air pollutant concentrations, extreme high meteorological factors, and daily occurs for AAD.
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highlighting the need for further investigation into the underlying mechanisms that contribute to these age-related 
susceptibilities.13 Additionally, among patients with diabetes, factors such as elevated carbon monoxide levels, higher 
dew point, and lower minimum temperatures were associated with an increased risk of AAD. In patients with 
hypertension, dew point emerged as a risk factor, whereas CO exposure appeared to have a protective effect. This 
observation contrasts with traditional understanding, yet recent research has revealed that despite the mitochondrial 
inhibition being the primary toxic mechanism of CO poisoning, CO exposure can increase mitochondrial production 
of reactive oxygen species, which may confer anti-apoptotic, anti-inflammatory, and antioxidant benefits. Another 
study has proposed that low-level inhalation of CO could mitigate hypoxic and ischemic damage in the brain and 
heart, potentially through the activation of mitochondria-derived vesicles. These findings indicate that further 
quantification of the vasodilatory effects of CO may have applications in medical interventions aimed at regulating 
vascular tone.14,15

This study enhances our understanding of the associations between environmental factors and AAD. Based on these 
findings, a series of preventive and control measures can be developed and implemented across public health, healthcare 
systems, and policy-making: In public health, real-time monitoring and early warning systems for pollutants (eg, PM2.5, 
SO2) and meteorological factors (eg, wind speed, dew point temperature) should be established based on lag days, with 
particular emphasis on strengthening health education for high-risk subgroups such as males and individuals aged≤50 
years; healthcare systems can optimize resource allocation based on seasonal incidence patterns, increase emergency and 
cardiothoracic surgery reserves in winter, and establish rapid identification and treatment protocols for AAD; at the 
policy level, initiatives should promote clean heating in winter and reduce industrial pollution to lower concentrations of 
PM2.5 and PM10. These measures integrate the nonlinear lag associations of pollutants/meteorological factors and 
subgroup differences, providing a scientific basis for “precision prevention” and effectively enhancing regional cardio-
vascular disease control and prevention capabilities.

This study has certain limitations. First, although the data were collected from a leading hospital in Urumqi, the 
representativeness of the cases may be limited by patient referral preferences and geographical coverage, and the 
exclusion of cases from other hospitals may introduce selection bias. Second, while meteorological and air pollution 
data were obtained from authoritative platforms, the uneven spatial distribution of monitoring stations in Urumqi makes 
it difficult to fully reflect the heterogeneity of individual exposure. Finally, the study conducted sensitivity analyses only 
for conditions such as hypertension and diabetes but did not incorporate these factors—including blood pressure levels 
and antihypertensive treatments—as independent variables into the model, potentially leading to an incomplete model 
specification. Future research could expand sample coverage, integrate multi-source exposure data, and explore the 
impacts of long-term exposure and gene-environment interactions.

Conclusions
This study reveals that air pollution and meteorological factors significantly impact the risk of AAD in Urumqi, with 
higher incidence observed during the cold season. Key factors include PM2.5, PM10, SO2, and wind speed. These results 
emphasize the importance of incorporating environmental factors into AAD prevention strategies in regions with 
significant seasonal and pollution variations.

Abbreviation
AAD, Acute aortic dissection; AQI, air quality index; VIF, variance inflation factor; DLNM, Distributed Lag Nonlinear 
Model; CT, Computed tomography; MRI, Magnetic Resonance Imaging.
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corresponding author.
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