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Objective: The prevalence of obesity is increasing worldwide, and the role of the obesity
paradox in cardiovascular surgery remains controversial. In this study, we redefined
obesity according to the Chinese criteria and examined the relationship between obesity
and in-hospital mortality in patients with acute type A aortic dissection (AAD) undergoing
open surgical repair.

Materials and Methods: A total of 289 patients with AAD (between 2014 and 2016)
were divided into the non-obese group and obese group for correlation analysis,
general information, demographic factors, blood biochemistry, surgical details, and
complications, which were used as covariates. Survival was estimated by the Kaplan–
Meier method, and any differences in survival were evaluated with a stratified log-
rank test. Least Absolute Shrinkage and Selection Operator (LASSO) regression and
logistic regression were used to evaluate the effect and interaction of obesity on
surgical mortality.

Results: All the 289 patients had a mean age of 48.64 (IQR 44.00–55.00) and
74.39% were men. Of the 289 patients, 228 were non-obese (78.89%) and 61 were
obese (21.11%). Patients with obesity were younger and more prone to unstable
blood pressure [systolic blood pressure (SBP) and diastolic blood pressure (DBP)],
preoperative hypoxemia and delirium, prolonged operative time, and surgical wound
deep infection (p < 0.05). In the fully adjusted model, we observed an increased risk of
in-hospital mortality in patients with obesity after fine-tuning other covariates including
age and sex (HR = 2.65; 95% CI = 1.03 to 6.80; p = 0.042). The interaction suggested
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that obesity was more likely to cause death in elderly patients (age ≥ 60), although it
was more common in younger patients (test for interaction, p = 0.012).

Conclusion: Obesity, interacting with age, increases the risk of in-hospital mortality in
patients with AAD undergoing open surgical repair. Although more verification is needed,
we believe these findings provide further evidence for the treatment of AAD.

Keywords: obesity, body mass index, aortic dissection, open surgical repair, in-hospital mortality

INTRODUCTION

Over the past three decades, China has experienced rapid
economic development and nutrition transition, and the
prevalence of overweight and obesity in China has increased
2 to 3 times since the 1980s (1). The pandemic of obesity
is rising worldwide, affecting individuals of all ages, involving
various diseases, and increasing the economic burden. More than
two-thirds of deaths related to high body mass index (BMI)
were due to cardiovascular disease (2). However, the existence
of a protective obesity paradox makes the role of obesity in
cardiovascular surgeries uncertain (3), as is the case in open
surgical repair of acute Stanford type A aortic dissection (AAD).

In recent years, increasing efforts have been made to assess
the trends and effects of BMI within and across nations (4).
Other studies have attempted to compare the potential effects of
high BMI on a variety of aortic surgery outcomes. These efforts,
while useful, appeared to deviate from daily clinical practice. In
these studies, patients with obesity appeared to have a higher
risk of acute kidney injury (AKI) (5), hypoxemia (6), acute lung
injury (7), and prolonged intubation (8, 9) in the perioperative
period of AAD, who also have a higher prevalence of several risk
factors for AAD according to previous researches (10, 11), such
as hypertension, hyperlipidemia, and stroke. However, what is
puzzling is that the results of these studies all showed that obesity
was not related to AAD mortality. Are we omitting the role of the
perioperative "obesity paradox"? Or did the obesity interaction
mask a single effect?

On the one hand, most of the patients in the study Kreibich
et al. (9) underwent hemiarch replacement surgery (9), which
was different from the current mainstream total arch replacement
(12, 13). On the other hand, the unified international BMI
classification is not applicable to the Chinese population due
to differences in ethnicity and living habits, and the overall
proportion of BMI ≥ 30 kg/m2 may be about 3% in China (14,
15), while it may exceed 10% in other regions (2). Based on these
findings, World Health Organization (WHO), the International
Association for the Study of Obesity, and the International
Obesity Task Force have suggested lower BMI cutoffs for
overweight and obesity in Asian populations (16). Thus, the use
of the international BMI classification for comparisons might
confound any association between body weight and mortality of
AAD. The influence of obesity on perioperative or open surgical
repair AAD remains unclear in the Chinese population based on
Chinese standards. This study aims to evaluate the effect and
interaction of obesity with gender, age, and blood pressure on
in-hospital mortality.

MATERIALS AND METHODS

Patients
This was a retrospective, observational research consisting of
289 in-patients operated at the hospital from January 2014
to December 2016. All patients presented with AAD and
were treated by open surgical repair. We non-selectively and
consecutively collected data for all participants at the Second
Xiangya Hospital of Central South University, Changsha, Hunan,
China. Anonymous data were compiled from the electronic
hospital medical record system. Ethical approval for the study was
provided by the hospital’s institutional review board. Informed
consent was waived because the study was retrospective.

Inclusion/Exclusion
The inclusion criteria were hospital admission for patients with
acute type AAD within ≤14 days after symptoms onset. The
following were used as exclusion criteria: (1) unfinished height
or weight test; (2) non-surgically managed condition; and (3)
endovascular aortic repair (Figure 1).

Standard Measures
The diagnosis was mainly based on 2014 ESC guidelines on the
treatment and diagnosis of aortic ailments (17). Any dissection
that involved the ascending aorta with presentation within
14 days of symptom onset was defined as AAD. The diagnosis
of AAD was confirmed by imaging like computed tomography
(CT) or magnetic resonance imaging (MRI). Admission BMI
(kg/m2) measured at baseline was calculated as weight in
kilograms divided by the square of height in meters (1). For
correlation analysis between obesity and mortality, patients were
divided into two groups according to the Chinese criterion
(WS/T 428–2013) (10): non-obese (BMI: < 28 kg/m2) and obese
(BMI: ≥ 28 kg/m2). Overall survival was defined as the time from
surgery until death from any cause. Systolic blood pressure (SBP),
diastolic blood pressure (DBP), and heart rate were measured
half an hour after pharmacotherapy. Pre-operative and post-
operative complications were diagnosed by clinical examination
and confirmed by CT angiography. Other covariates involving
general information, demographic data, blood biochemistry,
medical imaging examination, and treatment variables that can
affect in-hospital mortality were confirmed based on clinical
characteristics.

Surgical Procedure
The detailed surgical procedures have been previously described
in the literature (18, 19). To summarize in brief, cardiopulmonary
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FIGURE 1 | A flowchart of patient enrollment.

bypass (CPB) was instituted through the right atrial graft to the
right axillary artery by cannulation. Femoral artery cannulation
was used if the dissection involved the right axillary artery
or if the pumping pressure was too high. The aortic repair
included replacing the entire ascending aorta, when the aortic
root or valve was also involved, while the Bentall procedure,
the Wheat procedure, or the Valsalva sinuplasty, among others,
was performed simultaneously. Coronary artery bypass grafting
was performed in patients with dissection involving the coronary
artery or in patients with pre-operative severe coronary heart
disease (20).

Missing Data Addressing
We performed multiple multivariable imputations to address
missing data in order to maximize statistical power and minimize
bias. Five imputed datasets with chained equations were created
using R-package mice (21). Our multiple imputations of the
dataset were mainly based on the following principles: (1) there
were no missing data for the primary outcome; (2) replacement
of categorical variables was not advisable, as the plausibility is
still debated; and (3) 5% missingness is suggested as a maximum
upper threshold below which multiple imputations provides
benefit. Sensitivity analysis found no significant differences
between the generated complete data and raw data. Thus, all
multivariable analysis results based on the imputed datasets were
combined with Rubin’s rules (22, 23).

Statistical Analysis
Continuous variables were expressed as median (interquartile
range, IQR). A t-test and the Mann–Whitney U-test were used
for parametric and non-parametric data, respectively. Categorical
variables were expressed as frequencies and compared using
Fisher’s precision probability test or Chi-square analysis. Survival
was estimated by the Kaplan–Meier method, and any differences

in survival were evaluated with a stratified log-rank test. Least
Absolute Shrinkage and Selection Operator (LASSO) regression
was applied to minimize the potential collinearity of variables
measured from the same patient and over-fitting of variables (24).
Multivariable analyses with the Cox proportional hazards model
were used to estimate the simultaneous effects of prognostic
factors on survival. Interactions with prognostic factors were
also examined with the Cox proportional-hazards model.
EmpowerStats (X&Y Inc Solutions, Boston, MA, United States)1

and R version 4.0.52 were used for statistical analyses. A p-
value ≤ 0.05 was considered statistically significant.

RESULTS

Characteristics of Baseline
The 289 patients had a mean age of 48.64 and 74.39% of
them were men. Of the 289 patients, 228 were non-obese
(78.89%) and 61 were obese (21.11%). The differences in
baseline characteristics are presented in Table 1. Compared
with non-obese patients, patients with obesity on admission
appeared to be younger, had lower DBP, had a higher
probability of hypertension, and were more difficult to obtain
expected blood pressure (100∼120 mmHg) from half an hour
after pharmacotherapy. A total of eight patients with Marfan
syndrome were all non-obese, but the difference between the
two groups was not statistically significant (Fisher’s precision
probability test, p = 0.138). There was also no significant
difference between the two groups in terms of gender, diabetes
mellitus, stroke, and bicuspid aortic valve (p > 0.05).

1http://www.empowerstats.com
2http://www.r-project.org

Frontiers in Cardiovascular Medicine | www.frontiersin.org 3 July 2022 | Volume 9 | Article 899050

http://www.empowerstats.com
http://www.r-project.org
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/
https://www.frontiersin.org/journals/cardiovascular-medicine#articles


fcvm-09-899050 July 6, 2022 Time: 14:55 # 4

Pan et al. Obesity Increases Mortality of AAD

TABLE 1 | Baseline characteristics of the patients.

Characteristic Overall (n = 289) Non-obese (n = 228) Obese (n = 61) p-Value

Age, year 48.64 (44.00–55.00) 49.30 (44.75–55.00) 46.18 (39.00–53.00) 0.015

Age ≥ 60.00 38 (13.15) 31 (13.60) 7 (11.48) 0.663

Gender 0.838

Men 215 (74.39) 169 (74.12) 46 (75.41)

Women 74 (25.61) 59 (25.88) 15 (24.59)

SBP, mmHg 133.27 (114.00–154.00) 131.75 (114.00–148.25) 138.97 (115.00–162.00) 0.074

<100.00 30 (10.38) 20 (8.77) 10 (16.39) 0.083

100.00–120.00 74 (25.61) 66 (28.95) 8 (13.11) 0.012

>120.00 185 (64.01) 142 (62.28) 43 (70.49) 0.235

DBP, mmHg 75.73 (66.00–84.00) 76.74 (69.75–86.00) 71.98 (57.00–80.00) 0.034

<60.00 40 (13.84) 23 (10.09) 17 (27.87) <0.001

60.00–90.00 195 (67.47) 158 (69.30) 37 (60.66) 0.201

>90.00 54 (18.69) 47 (20.61) 7 (11.48) 0.104

Heart rate/min 80.83 (70.00–90.00) 80.81 (71.00–90.00) 80.90 (65.00–91.00) 0.849

<60.00 21 (7.27) 20 (8.77) 1 (1.64) 0.057

History of

Hypertension 133 (46.02) 115 (50.44) 41 (67.21) 0.020

Diabetes mellitus 156 (53.98) 8 (3.51) 4 (6.56) 0.289

Marfan 8 (2.77) 8 (3.51) 0 (0.00) 0.138

Stroke 20 (6.92) 14 (6.14) 6 (9.84) 0.312

Bicuspid aortic valve 6 (2.08) 5 (2.19) 1 (1.64) 0.788

Data are presented as n (%) or mean (IQR).
SBP, systolic blood pressure; DBP, diastolic blood pressure.

TABLE 2 | Clinical pre-operative data.

Variable Overall (n = 289) Non-obese (n = 228) Obese (n = 61) P-Value

Pre-operative blood test

CRP, mg/L 59.12 (17.30–92.10) 57.39 (17.30–86.20) 65.31 (15.93–106.33) 0.393

Creatinine, umol/L 100.51 (71.30–110.10) 98.54 (70.60–108.68) 107.61 (83.80–112.30) 0.370

RDW 14.02 (13.67–16.00) 13.44 (12.70–14.00) 14.80 (13.40–15.40) 0.019

PLR 167.15 (89.92–210.31) 169.63 (89.70–216.16) 157.25 (95.24–207.41) 0.375

NLR 11.10 (6.52–14.90) 10.83 (6.34–14.13) 12.19 (7.41–17.99) 0.022

Transthoracic echocardiography

Aortic regurgitation 0.812

None 106 (36.68) 82 (35.96) 24 (39.34)

Mild 145 (50.17) 116 (50.88) 29 (47.54)

Medium 29 (10.03) 22 (9.65) 7 (11.48)

Severe 9 (3.11) 8 (3.51) 1 (1.64)

Left ventricular ejection fraction 66.36 (62.00–70.00) 66.66 (63.00–70.25) 65.21 (62.00–69.00) 0.110

20.00–40.00 2 (0.69) 0 (0.00) 2 (3.28) 0.044

40.00–60.00 38 (13.15) 28 (12.28) 10 (16.39) 0.399

>60.00 251 (86.85) 200 (87.72) 51 (83.61) 0.399

Pericardial effusion 77 (26.64) 58 (25.44) 19 (31.15) 0.370

Ascending aortic diameter, mm 46.13 (41.00–50.00) 46.09 (40.00–50.00) 46.28 (41.00–49.00) 0.868

Pre-operative complications

Hypoxemia 25 (8.65) 15 (6.58) 10 (16.39) 0.015

Delirium 8 (2.77) 4 (1.75) 4 (6.56) 0.043

Data are presented as n (%) or mean (IQR).
CRP, C-reactive protein; RDW, red cell volume distribution width; PLR, platelet lymphocyte ratio; NLR, neutrocyte lymphocyte ratio.

Clinical Pre-operative Data
Obese patients have higher red cell volume distribution width
(RDW) and neutrocyte lymphocyte ratio (NLR). Two patients
with left ventricular ejection fraction (LEVF) <20% were obese,

and the difference was statistically significant (Fisher’s precision
probability test, p = 0.044). The obese group also appeared to
be more susceptible to hypoxemia (6.58 vs. 16.39%, p = 0.015)
and delirium (1.75 vs. 6.56%, p = 0.043). Patients presented
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TABLE 3 | Intraoperative details.

Variable Overall (n = 289) Non-obese (n = 228) Obese (n = 61) p-Value

Root procedure

Bentall 255 (88.23) 206 (90.00) 49 (80.00) 0.063

David 26 (9.00) 21 (9.21) 5 (8.20) 0.102

Wheat 8 (2.77) 6 (2.63) 2 (3.29) 0.086

Aortic arch procedure

Total arch replacement 270 (93.43) 210 (92.11%) 60 (98.36) 0.080

Hemiarch replacement 9 (3.11) 8 (3.51%) 1 (1.64) 0.690

Elephant trunk procedure 271 (93.77) 211 (92.54) 60 (98.36) 0.095

Concomitant procedure

Aortic valve replacement 7 (2.42) 5 (2.19) 2 (3.28) 0.624

CABG 30 (10.38) 22 (9.65) 8 (13.11) 0.431

Time of operation

Total operation, min 538 (450–650) 528 (430–645) 574 (485–660) 0.012

Aortic cross-clamp, min 124 (84–153) 122 (83–148) 128 (101–159) 0.376

Cardiopulmonary bypass, min 262 (197–318) 255 (192–311) 289 (255–329) 0.004

Hypothermic circulatory arrest, min 32 (0–54) 30 (0–52) 39 (0–60) 0.028

Ventricular fibrillation, seconds 36 (15–54) 37 (17–55) 33 (0–54) 0.255

Data are presented as n (%) or mean (IQR).
CABG, coronary artery bypass graft.

TABLE 4 | Post-operative Characteristics.

Variables Overall (n = 289) Non-obese (n = 228) Obese (n = 61) p-Value

Post-operative blood test

RDW 14.97 (13.67–16.00) 15.06 (13.70–16.00) 14.63 (13.50–15.60) 0.172

PLR 153.63 (86.44–201.61) 156.52 (91.27–213.25) 141.26 (85.71–189.90) 0.244

NLR 11.78 (8.84–14.15) 11.75 (8.93–14.30) 11.89 (8.71–14.03) 0.844

Complications

Respiratory infection 36 (12.77) 29 (12.89) 7 (12.28) 0.902

Surgical wound deep infection 10 (3.53) 5 (2.22) 5 (8.62) 0.019

Renal replacement therapy 53 (18.79) 40 (17.78) 13 (22.81) 0.385

Paraplegia 8 (2.82) 6 (2.64) 2 (3.51) 0.663

Temporary neurological dysfunction 12 (4.26) 8 (3.56) 4 (7.02) 0.247

Stroke 13 (4.58) 10 (4.41) 3 (5.26) 0.782

Hospital stay, day 19.96 (14.00–23.00) 20.50 (15.00–23.00) 17.95 (12.00–21.00) 0.066

ICU stay rate 0.42 (0.27–0.53) 0.37 (0.25–0.47) 0.59 (0.50–0.68) <0.001

In-hospital mortality 39 (13.49) 26 (11.40) 13 (21.31) 0.043

Data are presented as n (%) or mean (IQR).
RDW, red cell volume distribution width; PLR, platelet lymphocyte ratio; NLR, neutrocyte lymphocyte ratio; ICU, intensive care unit.

with similar rates of pre-operative C-reactive protein (CRP),
creatinine, platelet lymphocyte ratio (PLR), aortic regurgitation,
LEVF, pericardial effusion, ascending aortic diameter (p > 0.05)
(Table 2).

Intraoperative Details
Operative details are shown in Table 3. Overall, Bentall
procedure (88.23%), total arch replacement (93.43%), and
elephant trunk procedure (93.77%) were the main surgical
procedures. There were seven (2.42%) patients who underwent
aortic valve replacement and thirty (10.38%) patients who
underwent coronary artery bypass graft (CABG). Patients with
obesity required a longer duration of surgical procedure, CPB,

and hypothermic circulatory arrest. No statistical difference was
found between the different groups in root and aortic arch
procedure, elephant trunk procedure, concomitant procedure,
time of aortic cross-clamp, and ventricular fibrillation (p > 0.05).

Post-operative Characteristics
The outcome characteristics are summarized in Table 4. There
was no statistical difference between the two groups in RDW,
PLR, NLR, respiratory infection, renal replacement therapy,
paraplegia, temporary neurological dysfunction, stroke, and
hospital stay. However, it seemed that patients with obesity were
more likely to develop surgical wound deep infection (2.22 vs.
8.62%, p = 0.019), higher intensive care unit (ICU) stay rate (0.37
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FIGURE 2 | The Kaplan–Meier curves for in-hospital survival in the chronological trend after open surgical repair in AAD.

vs. 0.59, p < 0.001), and in-hospital mortality (11.4 vs. 21.31%,
p = 0.043, Supplementary Figure 1).

Kaplan–Meier Analysis in Different
Groups
Follow-up data were available for 289 patients. The Kaplan–
Meier analysis showed that the cumulative survival rate of
patients with obesity in the hospital was significantly reduced
(log-rank test p = 0.0047, Figure 2).

Adjusted and Unadjusted Models for
Obesity and In-Hospital Mortality
A total of 59 variables measured at the hospital (Tables 1–4)
were included in the LASSO regression. After LASSO regression
selection (Supplementary Figure 2), 13 variables remained

significant predictors of in-hospital mortality, including clinical
features and test results: obesity, gender, age ≥ 60, SBP, DBP, heart
rate, pre-operative delirium, LEVF (20–40,%), time of ventricular
fibrillation during surgery, post-operative NLR, post-operative
PLR, renal replacement therapy, and stroke.

We defined the above 12 variables other than obesity as
covariates affecting in-hospital mortality in patients with AAD.
We constructed three models to analyze the independent
effects of obesity on in-hospital mortality (univariate and
multivariate) based on the proportional hazards model. The
hazard ratio (HR) and 95% confidence intervals (CI) were
listed in Figure 3. In the full model (model II), after adjusting
for all covariates, patients with obesity had a higher risk
of in-hospital mortality during hospitalization compared to
non-obese patients (HR = 2.65; 95% CI = 1.03 to 6.80;
p = 0.042) (Figure 3).
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FIGURE 3 | The effect of obesity on outcomes following multivariable analysis based on the Cox proportional-hazard model. Crude model: adjusted for none. Model
I: adjusted for: gender and age. Model II: adjusted for gender, age, SBP, DBP, heart rate, pre-operative delirium, LEVF 20–40%, time of ventricular fibrillation during
surgery, aortic valve replacement, CABG, post-operative PLR, post-operative NLR, renal replacement therapy, and stroke. SBP, systolic blood pressure; DBP,
diastolic blood pressure; LEVF, left ventricular ejection fraction; CABG, coronary artery bypass graft; PLR, platelet lymphocyte ratio; NLR, neutrocyte lymphocyte
ratio.

Interaction Between Obesity and
Covariates
The predetermined covariates were gender (men vs. women),
age (<60 years vs. ≥ 60 years), SBP (<100 vs. 100–120
vs. > 120), and DBP (<60 vs. 60–90 vs. > 90) according to
clinical guidelines and previous studies (17.25). We evaluated
interactions between the four prognostic factors (gender, age,
SBP, and DBP) (Figure 4) and obesity with a stepwise procedure
for multivariate analysis. Figure 4 shows that there are significant
interactions between age and obesity on in-hospital mortality
(test for interaction, p = 0.012). Supplementary Tables 1, 2
present the subgroup analysis by age to analyze the effects
of obesity and its effect on in-hospital mortality at different
ages. We found that obesity was associated with an increased
risk of in-hospital mortality in elderly patients (adjusted
HR 5.06, 95% CI 2.12–8.69), while no obesity in younger
patients protected them (adjusted HR 0.83, 95% CI 0.61–
0.95).

DISCUSSION

This study results, comparing the role of obesity in open surgical
repair of patients with AAD, are summarized as follows: (1)
patients with obesity were younger and more prone to unstable
blood pressure (SBP and DBP), pre-operative hypoxemia and
delirium, prolonged operative time, and surgical wound deep
infection; (2) in the fully adjusted model, we observed an
increased risk of in-hospital mortality in patients with obesity
after fine-tuning other covariates including age and sex; and
(3) the interaction suggested that obesity was more likely to
cause death in elderly patients (age ≥ 60), although it was more
common in younger patients.

The prevalence of obesity is gradually getting younger as
may be expected (2). We found that obesity was associated
with a higher prevalence of hypertension and instability
of blood pressure (extremely high or low), which may be
mostly explained by the consequence of compromised aortic
physiologic microregulation (25, 26). These clinical features
may exacerbate aortic intima tear or rupture and may also
reveal cardiac tamponade that inhibits cardiac pumping, which
may partly account for poorer outcomes in patients with
obesity. Hypoxemia, delirium, and wound infection may be
associated with obesity-induced decreased lung compliance,
obstructive sleep apnea, cervical or cerebral atherosclerosis, and
fat liquefaction (27–29), while the long-term surgical procedure
may increase the risk factors for death, such as inflammation,
thrombosis, infection, etc. (30). We noticed that the obese
group had longer operative time, CPB time, and hypothermic
circulatory arrest time, which was consistent with previous
reports (8, 31). On the one hand, the anatomical variation of
obesity is more likely to increase the difficulty of intraoperative
operations, such as anesthesia, thoracotomy, hemostasis, and
suturing (32). On the other hand, the physiological abnormalities
of obesity can easily break the intraoperative homeostasis of
patients, such as unstable blood pressure, obesity-hypoventilation
syndrome, and microcirculatory perfusion disorders (33, 34).
All of these factors may lead to poorer surgical outcomes in
patients with obesity. Consequently, surgeons need to pay more
attention to the patient’s respiratory or airway status, mental state,
inflammation, and change of dressing on the wound compared to
non-obese patients. In this study, we also observed that patients
with obesity had higher pre-operative RDW and NLR, which are
risk factors for cardiovascular mortality described in previous
studies (35–37). Their elevation may be associated with obesity-
related lower-grade chronic inflammation and inflammatory
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FIGURE 4 | Multivariate-adjusted hazard ratios for death in patients in the obese group as compared with the non-obese group, according to four prognostic
factors. Adjust variables: gender, age, SBP, DBP, heart rate, pre-operative delirium, LEVF 20–40%, time of ventricular fibrillation during surgery, aortic valve
replacement, CABG, post-operative PLR, post-operative NLR, renal replacement therapy, and stroke. SBP, systolic blood pressure; DBP, diastolic blood pressure;
LEVF, left ventricular ejection fraction; CABG, coronary artery bypass graft; PLR, platelet lymphocyte ratio; NLR, neutrocyte lymphocyte ratio.

mechanisms of aortic dissection (38–40). Of note, despite the
differences in baseline characteristics being unavoidable, gender,
past medical history besides hypertension, surgical details, and
treatment management did not differ between the two groups.

The role of obesity in aortic disease has been controversial.
Several previous studies have shown that obesity was not
significantly associated with mortality through aortic dissection
but only increases perioperative complications and ventilation
time (7, 41, 42). The BMI of patients also had no effect
on the early major adverse outcomes and mid-term survival
by continuous grouping (8, 9). Whereas, BMI has also been
reported to be a risk factor affecting the hospital mortality
rate of aortic dissection undergoing Sun’s operation (43). Other
studies suggested that morbid obesity significantly increased the
mortality in open abdominal aortic surgery (41, 44, 45), which
prompted the controversy still unresolved. On the one hand,
BMI in patients with aortic dissection may present a non-linear
relationship with adverse outcomes, which may be irregular and
different from the U-shaped curve of the “obesity paradox” in
cardiac surgery (3). This seems to explain why the effect of

BMI on major adverse outcomes from aortic dissection varies
among reports. On the other hand, these studies may have
omitted the difference in obesity in the Chinese population. As
mentioned earlier, the unified international BMI classification
is not applicable to the Chinese population due to differences
in ethnicity and living habits, which confound the association
between BMI and AAD mortality. The previous reports may also
have tended to associate obesity with better outcomes, such as
hemiarch replacement and non-emergency surgery. In fact, due
to anatomical lesions and high mortality rate, the current surgical
procedure for patients with AAD is still emergency total arch
replacement in order to prevent dissection extending, replace
damaged aorta, and restore blood supply to vital organs as soon
as possible (46).

The characteristics of such patients were reflected in our
study. Although multiple risk factors for in-hospital mortality
in patients with AAD were identified by LASSO regression, we
still observed that obesity increased in-hospital mortality after
full adjustment for confounders. When the study sample is less
than 10 times the number of variables, the application of LASSO
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regression can mainly avoid overfitting and multicollinearity by
using the tuning parameter (λ) for dimensionality reduction. The
strong predictors screened by LASSO regression were substituted
into the Cox proportional-hazard model to assess risks, which
may also be closer to clinical practice (47–49). We found obesity
to be a risk factor for in-hospital mortality in patients with AAD
undergoing open surgical repair (HR = 2.65; 95% CI = 1.03
to 6.80; p = 0.042) and also unexpectedly found a significant
interaction between obesity and age in in-hospital mortality
effect (test for interaction, p = 0.012). Our results, if confirmed,
suggest that elderly patients with AAD may be more susceptible
to poor prognosis due to obesity, which may be omitted in
previous studies leading to an unclear role of obesity. The elderly,
with multiple comorbidities such as hypertension, diabetes, and
arteriosclerosis, are prone to poor basic organ function and are
inherently at higher risk of surgery. On this basis, the presence of
obesity is likely to accelerate the deterioration of elderly patients
due to complications. Of course, further design and verification
will be necessary.

Obesity is a multifactorial disease that results from
interactions between genetics and lifestyle. The heritability
for obesity is known to be around 40%, while the remainder
can be explained by lifestyle factors, which suggests that obesity
is a modifiable risk factor (26, 50). Healthy living and weight
management recommended by WHO are necessary for patients,
because obesity may increase mortality at admission compared
with the patient without obesity, despite unifying the surgical
procedures. Compared to surgical options, the degree of patient
obesity may also be a focus for surgeons, as obesity may upset
the balance from onset to post-operative management, especially
in elderly patients with obesity. In these patients, the surgeon
may need to pay more attention to blood pressure stability,
respiratory or airway status, mental status, inflammation, and
change of dressing on the wound (51).

The study still has some limitations. First, as mentioned in
the Methods, our study was based on the Chinese population,
reducing the generalizability of the findings, and it is unclear
whether it is applicable to other ethnicities. Second, survivorship
bias may be unavoidable due to the high mortality of AAD. Third,
our findings are derived from single-center observational data,
and further multi-center studies and a high-quality meta-analysis
should be carried out to provide more evidence. Simultaneously,
limited by the sample size, we were unable to assess the
interaction of stratified root procedure and concomitant surgery
with multivariate adjustment, which will be addressed in our
future studies. Finally, this study did not explore the effect of
obesity degree and BMI on in-hospital mortality, as the Chinese
criteria do not subdivide the obesity degree. The continuous
grouping of BMI, linear or non-linear relationships, and optimal
cutoff values for prediction were also not further explored, which
may be addressed in our future studies.

CONCLUSION

Obesity, interacting with age, increases the risk of in-hospital
mortality in patients with AAD undergoing open surgical repair.

Although more verification is needed, we believe that these
findings provide further evidence for the treatment of AAD.
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