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TG/HDL-C ratio predicts in-hospital mortality @
in patients with acute type A aortic dissection
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Abstract

Background: In recent years, abnormalities in serum lipids and lipoproteins have been shown to be associated with
cardiovascular disease risk. However, their prognostic value for acute type A aortic dissection is unclear. This study
analyzed the correlation between triglyceride/high-density lipoprotein cholesterol (TG/HDL-C) ratio and in-hospital
mortality in patients with AAAD, and aimed to investigate the clinical significance of preoperative blood lipids and
lipoproteins on the prognosis of acute type A aortic dissection.

Methods: A total of 361 patients who underwent type A aortic dissection surgery in Fujian Cardiac Medical Center
from June 2018 to March 2020 were retrospectively collected. According to the baseline TG/HDL-C ratio, the patients
were divided into 3 groups according to the tertile method, the low TG/HDL-C ratio T1 group (< 1.18) and the middle
TG/HDL-C ratio T2 group (1.18-1.70). T3 group with high TG/HDL-C ratio (> 1.70). Kaplan—-Meier was used for survival
analysis, and Cox proportional hazards regression model was used to analyze the factors affecting the prognosis of
patients. The receiver operating characteristic (ROC) curve was used for the diagnostic efficacy.

Results: Among the 361 patients in this study, the mean age was 52.4 £ 11.3 years, 73 (20.2%) were female, and 82
(22.7%) died in hospital. Kaplan—-Meier curve showed that with the increase of TG/HDL-C ratio, the risk of in-hospital
death gradually increased (P<0.001). Multivariate Cox regression analysis showed that age (HR=1.031), body mass
index (HR=1.052), hypertension (HR=3.491), white blood cells (HR=1.073), TG/HDL-C ratio (HR=1.604), MODS
(HR=1.652) was positively correlated with in-hospital mortality (P<0.05). After adjusting for age, sex, and other risk
factors, a significant association was found between the TG/HDL-C ratio and in-hospital mortality for acute type A
aortic dissection (HR=1.472,95% Cl, 1.354-3.451, P=0.019).

Conclusion: Patients with type A aortic dissection have obvious abnormal blood lipid metabolism, and serum TG/
HDL-C levels are positively correlated with in-hospital mortality in patients with AAAD.
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1. With the increase of TG/HDL-C ratio, the risk of in-
hospital death gradually increased
2. This study indicated 6 risk factors were positively
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3. The serum TG/HDL-c ratio may help guide the treat-
ment and prevention of acute type A aortic dissec-
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Background

Acute aortic dissection (AAD) is a potentially fatal
emergency macrovascular disease. Clinically, it is clas-
sified into Stanford type A and B according to whether
the dissection involves the root of the artery, the
ascending aorta, or the aortic arch. According to sta-
tistics, the incidence of AAD in China is 2.78/100,000
[1]. Among them, type A aortic dissection (AAAD) is
the main AAD, and its incidence accounts for about
2/3 of the total AAD [2]. In recent years, the incidence
and mortality of AAAD have remained high. With the
increase in the proportion of hypertension, the inci-
dence of AAAD has been increasing year by year. At
present, timely surgical treatment is the main effective
method for AAAD, but the early mortality after AAAD
is still as high as 8-25% [3, 4]. Therefore, early identi-
fication of risk factors for death on admission in AAD
patients is of great significance to reduce mortality and
improve prognosis.

Previous studies have reported that there is a certain
correlation between laboratory test indicators such as
uric acid, creatinine, C-reactive protein, D-dimer, and
fibrinogen and in-hospital mortality in AAD patients [5].
These biomarkers can predict early postoperative mor-
tality in AAAD to some extent. However, there are few
reports on the relationship between blood lipid levels and
AAAD at admission.

Abnormal blood lipids and lipoproteins are one of the
important markers of cardiovascular disease. Triglycer-
ide and high-density lipoprotein, as important blood lipid
and lipoprotein components in the human body, play
an important role in the pathogenesis and prognosis of
cardiovascular diseases such as hypertension, coronary
artery disease, heart failure and atrial fibrillation [6]. The
ratio of triglyceride to high-density lipoprotein choles-
terol (TG/HDL-C) can reflect the comprehensive level of
lipid metabolism in the body, and it has been confirmed
to be a risk factor for various cardiovascular diseases [7].
However, the application of lipid metabolism in AAAD
and its effect on prognosis are less.

AAD is often accompanied by dyslipidemia and lipo-
protein abnormalities. In different types of AAD, the level
of triglyceride increased to different degrees, and the
level of high-density lipoprotein cholesterol decreased to
different degrees [8]. This suggests that triglyceride and
high-density lipoprotein cholesterol levels have a certain
relationship with the incidence and prognosis of AAD.
It has been reported that in type B AAD, TG/HDL-C is
inversely correlated with patient mortality, and its ratio
can be used to predict the postoperative risk of type B
AAD [9]. However, there is no clinical correlation study
between TG/HDL-C and early postoperative mortality
after AAAD.
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Therefore, this study conducted a retrospective study
of 361 patients who underwent surgery for type A aortic
dissection. The association of triglyceride/high-density
lipoprotein cholesterol (TG/HDL-C) ratio at admission
with in-hospital mortality in AAAD patients was inves-
tigated by survival analysis and Cox proportional haz-
ards regression model. To provide a reference for finding
clinical indicators that are highly correlated with the
early mortality of AAAD, real and easy to detect, and has
important clinical significance for reducing the risk of
surgery and reducing the early mortality after AAAD.

Materials and methods

Patient selection

This study was a retrospective observational study. A
total of 378 patients with type A aortic dissection who
were diagnosed by computed tomography angiogra-
phy (CTA) and magnetic resonance imaging (MRI) and
underwent surgery for type A aortic dissection from
June 2018 to March 2020 in Fujian Cardiac Medical
Center were collected. Inclusion criteria: AAAD surgery
patients aged > 18 years, the diagnostic criteria refer to
the 2014 ESC Diagnosis and Treatment of Aortic Dis-
eases [10]. Exclusion criteria: (1) patients with trauma-
induced AAAD and pregnant women; (2) complicated
with heart failure, liver insufficiency and other important
organ damage diseases; (3) long-term use of drugs that
may affect blood results; (4) Patients without full medi-
cal records. Finally, 361 AAAD patients were included in
the study (Fig. 1). This study was approved by the hospital

378 patients with AAAD were
identified between
June 2018 and March 2020

17 patients excluded::

1 malignancy

2 caused by traffic accidents

* 2 pregnant

3 use of drugs affecting lipid metabolism
9 with uncompleted clinical data

y

361 AAAD Patients included

4 4

Non-survivors
N =82

Survivors
N =279

Fig. 1 The subjects included in this study
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ethics committee, ethics committee approval number:
2020KY082. This study was a retrospective observational
study without informed consent. Consistent with the
Helsinki Declaration.

All the patients were admitted to the intensive care
unit and were given sedation, analgesia, oxygen inha-
lation, and keep a normal bowel movement. Urapi-
dil and sodium nitroprusside were used to control
the systolic blood pressure within 100-120 mmHg
(1 mmHg=0.133 kPa), and PB-receptor blockers were
used to control the heart rate within 60—-80/min. We
researched AAAD patients with cear diagnosis by CTA
and almost all of them have undergone implantation of
modified triple-branched stent graft for descending aorta
replacement in addition to aortic root reconstruction and
ascending aorta or hemiarch replacement. The rest in
Stanford type B were treated with thoracic endovascular
aortic repair (TEVAR).

Clinical assessment

Patient data were collected through an electronic medi-
cal record system, demographic characteristics including
age, sex, body mass index (BMI); past history, including
hypertension, diabetes, coronary heart disease, smok-
ing history, drinking history; Vital signs on admission,
including systolic blood pressure, diastolic blood pres-
sure, and heart rate; Laboratory tests, including white
blood cells, platelets, triglycerides, high-density lipopro-
tein cholesterol, fasting blood glucose, C-reactive pro-
tein, serum creatinine, blood urea nitrogen; The patient’s
treatment regimen and prognosis during hospitalization
were recorded. The TG/HDL-C ratio is calculated by
dividing the TG and HDL-C values. The primary out-
come measure was in-hospital mortality, and the second-
ary outcome measure was postoperative complications,
including pulmonary infection, acute renal failure,
arrhythmias, and multiple organ dysfunction (MODS).
The number of hospital days in the intensive care unit
(ICU) was also recorded. Acute renal failure was defined
as a creatinine level 2 times the preoperative creatinine
or requiring renal replacement therapy.

Statistical analysis

Measurement data were described as "mean =+ standard
deviation" (normal distribution), median and interquar-
tile range (IQR) (skewed distribution), and categorical
variables were expressed as frequencies or percentages.
According to the TG/HDL-C variable, the cut points
were divided into three equal parts (T1, T2, T3), and
the Kruskal-Wallis H (skewed distribution) and One-
Way ANOVA test (normal distribution) were used for
comparison between groups; count data were compared
using x” test. Cox proportional hazards regression model
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was used to analyze the factors affecting the progno-
sis of patients, and Kaplan—Meier curves were used to
compare the relationship between TG/HDL-C ratio and
in-hospital mortality. After adjusting for other potential
confounding factors, different models were constructed
to examine the independent effect of TG/HDL-C ratio
on in-hospital mortality. Finally, subgroup analysis was
performed on age, BMI, hypertension classification,
MODS, etc. The receiver operating characteristic (ROC)
curve was used for the diagnostic efficacy. The area under
curve (AUC), sensitivity, and specificity were calculated
respectively to determine the value of TG, HDL-C and
TG/HDL-C in the prediction of in-hospital mortality of
AAAD patients. Data processing was performed using R
4.1.1 software. Differences were considered statistically
significant at P<0.05.

Result

Clinical features

A total of 361 AAAD patients were included in this study,
including 288 males and 73 females, with an average age
of 50.2 £ 7.1 years, ranging in age from 36 to 69 years. All
patients underwent AAAD surgery. Dissection involved
the ascending aorta in 103 cases (28.5%), combined the
aortic arch in 34 cases (9.4%), combined the thoracic
aorta in 96 cases (26.6%), and combined the abdominal
aorta in 128 cases (35.5%). Comparison of baseline char-
acteristics of subjects with different TG/HDL-C levels
in three groups (Table 1): Compared with (T1 and T2),
patients in high TG/HDL (T3) group had significantly
higher white blood cell counts (P<0.001), higher body
mass index (P=0.019), increased age (P=0.020), pro-
longed operation time (P=0.008), hepatic insufficiency
(P=0.047) and prolonged ICU stay (P=0.003). The
remaining variables were not statistically different among
the groups (P> 0.05). Compared with low TG/HDL (T1),
AAAD patients in the high TG/HDL (T3) group had the
highest in-hospital mortality (40%) (P<0.01).

Cox regression analysis of factors affecting the prognosis
of patients after AAAD

Univariate Cox regression analysis of in-hospital deaths
in AAAD patients showed that age, body mass index,
hypertension, diabetes, systolic blood pressure on admis-
sion, white blood cells, TG/HDL-C ratio, cardiopulmo-
nary bypass time, MODS, postoperative renal damage,
Postoperative pneumonia is a risk factor for in-hospital
mortality. Multivariate regression analysis showed that
age, body mass index, the presence or absence of hyper-
tension, white blood cells, TG/HDL-C ratio, MODS
were significantly associated with in-hospital mortality
(P<0.05) (Table 2).
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Table 1 Comparison of baseline data in different TG/HDL-C ratio groups
Variable TG/HDL-C ratio (mmol/L)(tertile) P value
T1(<1.18) T2(1.18-1.70) T3(>1.70)
N=121 N=120 N=120
Age (years) 495462 494463 51.7+£84 0.020
Female n, (%) 25(20.7) 22(183) 26(21.7) 0.805
BMI (kg/mz) 240432 248+34 253+43 0.019
Physical examination
SBP 15044273 14694285 149.24£249 0.596
DBP 777+156 77.8+£168 745+185 0.240
Heart rate 8514153 80.6+15.3 83.0+£164 0.083
Smoker n, (%) 63 (52.1) 75 (62.5) 67 (55.8) 0.254
Drinker n, (%) 57 (47.1) 66 (55.0) 64 (53.3) 0433
Medical history
Diabetes mellitusn, (%) 16 (13.2) 16 (13.3) 17(14.2) 0973
Hypertensionn, (%) 11191.7) 112(933) 104 (86.7) 0.182
Atherosclerosisn, (%) 2(1.7) 2(1.7) 4(3.3) 0.596
Marfan's syndrome n, (%) 3(2.5) 3(2.5) 1(0.8) 0.556
Imaging examination
Aortic insufficiency n, (%) 15(124) 23(19.2) 25(20.8) 0.188
LVEF (%) 65 (58,70) 64 (56,68) 64 (58,69) 0.407*
Laboratory results
WBC (x 10%/L) 9.09+£3.07 9.34+£3.02 11.05+£4.04 <0.001
PLT (x 107 /L) 152 (125, 196) 154 (124, 199) 162 (128, 191) 0.945%
Hb (g/L) 125.17+£16.18 12547 £21.11 12640+ 20.25 0.875
Blood glucose (mmol/L) 6.0(52,7.7) 6.5(54,7.7) 6.1(54,79) 0.623*
Cr (mmol/L) 91 (69, 133) 86 (74,127) 96 (71, 130) 0.805%
BUN (mmol/L) 6.5(4.8,87) 6.2 (4.8,87) 6.4 (4.8,8.9) 0.948*
TG (mmol/L) 1.36+£057 1.63+£0.54 2.17+0.92 <0.001
HDL-c (mmol/L) 1.70+£0.92 1.08£037 0.89+0.29 <0.001
Operation time (min) 308 (274, 340) 295 (250, 350) 310 (270, 385) 0.028*
CPB time (min) 160 (135, 189) 140 (129, 183) 154 (133, 224) 0.056*
Aortic clamping time (min) 72 (54,105) 65 (49, 91) 78 (62, 98) 0.051*
ICU stay (day) 7(4,10) 8(5,14) 8(5,13) 0.022*
Hospital stay (day) 23(17,34) 21 (16, 30) 22(17,32) 0.521*
Complications
Liver insufficiency 23(19.0) 13(10.8) 33(27.5) 0.005
Cardiac tamponed 1(0.8) 7(5.9) 6 (5.0 0.098
Acute kidney injury 28(23.1) 29 (24.2) 32(26.7) 0.808
Death in hospital 6 (5.0) 28(233) 48 (40.0) <0.001

Data are median (quartile25%-quartile75%) or N (%)

BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, LVEF left ventricular ejection fraction, WBC white blood cell count, PLT platelet count,
Hb hemoglobin, Cr creatinine, BUN blood urea nitrogen, TG triglyceride, HDL-c high-density lipoprotein, CPB cardiopulmonary bypass time, ICU intensive care unit

" Kruskal-Wallis H

Survival curve of patients after AAAD with different TG/

HDL-C levels

Kaplan—Meier analysis showed that the cumulative
survival rate of different TG/HDL-C levels was also

significantly different (log-rank x> = 35.2, P<0.001). The
cumulative in-hospital survival rate of the T1 group
was significantly higher than that of the other groups

(Fig. 2).
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Table 2 Cox proportional hazards regression analysis for type A aortic dissection
Variable Univariate model Multivariate model
OR (95%Cl) P value OR (95%Cl) P value

Age(years) 1.005 (1.029-1.082) <0.001 1.031 (1.003-1.060) 0.029
Gender 1.053 (0.601-1.846) 0.856 - -
BMI(kg/m?) 1.094 (1.039-1.152) 0.001 1.052 (0.881-0.974) 0.045
Physical examination

SBP 1.012 (1.003-1.000) 0.008 1.000 (0.988-1.011) 0.961

DBP 1.000 (0.988-1.013) 0.942 - -

Heart rate 0.994 (0.980-1.007) 0358 - -
Smoker 1.002 (0.644-1.558) 0.993 - -
Drinker 1.007 (0.652-1.555) 0.975 - -
Medical history

Diabetes mellitus 1.677 (1.020-2.756) 0.041 1.608 (0.919-2.813) 0.096

Hypertension 1.756 (1.031-2.992) 0.038 3491 (1.573-7.749) 0.002

Cerebral infarction 1.266 (0.463-3.465) 0.646 - -

Atherosclerosis 1.168 (0.367-3.713) 0.792 - -

Marfan’s syndrome 1.094 (0.151-7.933) 0.929 - -
Imaging examination

Aortic insufficiency 1.070 (0.627-1.828) 0.804 - -

LVEF (mm) 0.998 (0.976-1.021) 0.877 - -
Laboratory results

WBC (x 10%/L) 1.132(1.077-1.191) <0.001 1.073 (1.015-1.135) 0.013

PLT (x 107 /L) 0.998 (0.994-1.001) 0.197 - -

Hb (g/L) 0.993 (0.982-1.003) 0.176 - -

Blood glucose (mmol/L) 0.970 (0.905-1.041) 0.403 - -

Cr (mmol/L) 1.000 (0.998-1.002) 0.749 - -

BUN (mmol/L) 1.031 (0.986-1.077) 0.176 - -

TG (mmol/L) 1417 (1.133-1.772) 0.002 - -

HDL-c (mmol/L) 0.594 (0.371-0.951) 0.030 - -

TG/HDL-C ratio (mmol/L) 1.907 (1.517-2.398) 0.001 1.604 (1.223-2.104) 0.001
Operation time (min) 1.002 (0.999-1.004) 0.133 - -
CPB time (min) 1.004 (1.000-1.007) 0.025 1.001 (0.997-1.005) 0.538
Aortic clamping time (min) 1.004 (0.999-1.008) 0.118 - -
In-hospital complications

MODS 1.745 (1.115-2.731) 0.015 1.652(1.034-2.640) 0.036

Liver insufficiency 1.225(0.733-2.047) 0439 - -

Acute kidney injury 1.916 (1.207-3.041) 0.006 1.629(0.977-2.718) 0.061

Gastrointestinal bleeding 1.621 (0.504-5.217) 0418 -

Pneumonia 1.894 (1.002-3.581) 0.049 1.020(0.478-2.173) 0.960

Intubation 2 (0.464-2.205) 0.977 - -

BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, LVEF left ventricular ejection fraction, WBC white blood cell count, PLT platelet count,
Hb hemoglobin, Cr creatinine, BUN blood urea nitrogen, TG triglyceride, HDL-c high-density lipoprotein, CPB cardiopulmonary bypass time, MODS multiple organ
failure, HR hazard ratio, Cl confidence interval

Relationship between TG/HDL-C ratio and in-hospital showed that the TG/HDL-C ratio (HR=1.907, 95% CI,
mortality 1.517-2.398, P=0.001) remained an important predictor
Different models were constructed to analyze the inde-  of in-hospital mortality. In an unadjusted model (rough
pendent effect of TG/HDL-C ratio on in-hospital mor-  model), TG/HDL-C was positively associated with in-
tality using Cox proportional hazards models after  hospital mortality (HR=1.907, 95% CI=1517-2.398,
adjusting for confounding variables (Table 3). The results ~ P=0.001). In addition, in-hospital mortality in the T3
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Fig. 2 Kaplan-Meier in-hospital mortality analysis

group was 8.675 times higher than that in the T1 group
(HR=8.675, 95% CI, 3.705-20.312; P=0.001). In Model
I (adjusted for age, sex, and body mass index), in-hos-
pital mortality was 7.077 times higher in the T3 group
than in the T1 group (HR=7.077, 95% CI, 2.991-16.745;
P=0.001). In Model II (adjusted for covariates such as
age, sex, body mass index, hypertension, diabetes, cer-
ebral infarction, smoking, alcohol consumption, athero-
sclerosis, white blood cell count, hemoglobin, platelet
count, blood urea nitrogen, creatinine, etc.), group T3
The in-hospital mortality rate was 2.105 times higher
than that in the T1 group (HR=2.105, 95% CI, 1.709—
14.273; P=0.004). For the purpose of sensitivity analysis,
we treated the continuous variable (TG/HDL-C) as three
equal categorical variables. The P values for the TG/
HDL-C trend were consistent with the results when TG/
HDL-C was treated as a continuous variable.

Subgroup analysis

Subgroup analysis of in-hospital mortality was performed
by age, body mass index, hypertension classification, and
MODS. Compared with the low TG/HDL-C ratio group,
in-hospital death was significantly higher in the group
with high TG/HDL-C ratio than in the group with high
TG/HDL-C ratio (P<0.05). (Fig. 3).
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Sensitivity and specificity of TG, HDL-C and TG/HDL-C ratio
in predicting in-hospital mortality

ROC analysis was used to determine possible cutoff val-
ues for TG, HDL-C, and TG/HDL-C ratios in predict-
ing in-hospital mortality. It has been observed that TG/
HDL-C can be used as an important indicator to predict
in-hospital mortality in patients with AAAD. The AUC
was 0.776 (95% CI: 0.627-0.864), the optimal cutoff value
was1.404, the sensitivity was 72.9%, and the specificity
was 72.3% (Fig. 4, Table 4).

Discussions

Acute aortic dissection (AAD) is a fatal cardiovascu-
lar disease and urgent surgical treatment is the main
strategy for AAAD [11]. Although its clinical prognosis
has been greatly improved due to early diagnosis and
prompt surgical management. However, its early mortal-
ity and long-term reoperation rate are still high, mainly
due to the critical condition and complicated operation.
If AAAD can be effectively assessed and predicted early,
and adequate preparations are made, its mortality can be
reduced [12]. The in-hospital mortality rate of patients
in this study was 22.7%, which was lower than the 27.4%
reported in Western countries [13]. The possible reason
is that the age of the patients in this study (52.44+11.3)
was lower than that of the patients in the western study
(61.5+14.6), and the younger patients had better physi-
cal fitness and health prognosis. In addition, this study
is a single-center study with a small sample size, and a
multi-center study can be conducted in the future.

The results of multivariate regression analysis in this
study showed that among patients undergoing AAAD
surgery, age, body mass index (BMI), presence or absence
of hypertension, white blood cells, TG/HDL-C ratio, and
MODS were independent risk factors for in-hospital
death in patients undergoing AAAD surgery. In addition,
this study evaluated the relationship between the TG/
HDL-C ratio at admission and postoperative in-hospital
mortality in 361 AAD patients. The results showed that
when AAD patients had a higher TG/HDL-C ratio on

Table 3 In-hospital mortality risk association in different TG/HDL-C ratio groups

HR (95% Cl), P value

Model | Model Il

1.741(1.366-2.219), 0.001 1.472(1.354-3.451),0.019

Ref Ref

Crude model
TG/HDL-C ratio 1.907 (1.517-2.398), 0.001
TG/HDL-C ratio
T1(<1.18) Ref
T2 (1.18-1.70) 5.306(2.191-12.848), 0.001
T3 (>1.70) 8.675(3.705-20.312), 0.001

P for trend

<0.001

5.109(2.107-12.389), 0.001
7.077(2.991-16.745), 0.001
<0.001

3.557(1.196-10.579), 0.023
2.105(1.709-14.273), 0.004
0.002
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Subgroup TG/HDL-c <1.55 TG/HDL-c > 1.55

no.of events/total no.(%) no.of events/total no.(%)

P value P (interaction)

Age (years)

Fig. 3 Subgroup analysis of in-hospital mortality

<44 5/38 (13.2) 6/30 (20.0) ——————— 2.234 (0.629-7.931) 0.214 0.239
45~59 14/134 (10.4) 35/124 (28.2) —— 2.544 (1.367-4.734) 0.003
260 3/12 (25.0) 19/23 (82.6) L 4 3.922 (1.157-13.291) 0.028
BMI (kg/m2)
18.5-23.9 7/92 (7.6) 13/65 (20.0) —— 2.541 (0.958-6.735) 0.061 0.413
24-27.9 11/70 (15.7) 19/66 (28.8) —— 2.084 (0.988-4.398) 0.054
>28 4/22 (18.2) 28/46 (60.9) —————— 3636 (1.266-10.331)  0.016
Hypertension
No 7/68 (10.3) 12/61 (19.7) —— 1.733 (0.676-4.443) 0.253 0.079
Level 1 3/36 (8.3) 14/57 (24.6) ——————— 2.427 (0.691-8.524) 0.167
Level 2 5/46 (10.9) 15/33 (45.5) L g 4.742 (1.717-13.094) 0.003
Level 3 7/34 (20.6) 19/26 (73.1) —_— 4.319 (1.812-10.293) 0.001
MODS
No 13/142 (9.2) 38/133 (28.6) —— 3.408 (1.813-6.407) <0.001 0.222
Yes 9/42 (21.4) 22/44 (50.0) —— 1.712 (0.779-3.765) 0.181
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Fig. 4 The AUC value of TG, HDL-C and TG/HDL-C for predicting

in-hospital mortality

admission, their risk of postoperative in-hospital mor-
tality was significantly increased. The TG/HDL-C ratio
was significantly associated with in-hospital mortality

for acute type A aortic dissection even after adjusting for
age, sex, and other confounding factors.

The results of this study showed that age was an inde-
pendent risk factor for postoperative in-hospital mor-
tality in patients with AAAD. Consistent with previous
findings, advanced age is an important risk factor for
aortic dissection. Patients with aortic dissection over the
age of 70 have a significantly higher probability of death
in the acute phase than patients with aortic dissection at
a younger age [14]. Elderly patients have low organ physi-
ological reserve and poor tolerance to surgical shock
and circulatory arrest. In addition, the elderly often have
underlying diseases such as hypertension, diabetes, cer-
ebrovascular disease, chronic obstructive pulmonary
disease, and arrhythmia before surgery, and the perioper-
ative management is difficult, with many complications,
resulting in high postoperative mortality.

Surprisingly, contrary to the results of a study con-
ducted in the United States [15]. This may be due to
differences in specific sociodemographic and clinical

Table 4 Diagnostic value of TG » HDL-C and TG/HDL-C for in-hospital mortality

AUC Cut-off value 95% Cl Sensitivity (%) Specificity (%)
TG (mmol/L) 0.654 1.530 0.542-0.766 74.2 553
HDL-c (mmol/L) 0.626 0.890 0.447-0.805 83.1 489
TG/HDL-C 0.776 1.404 0.627-0.864 729 72.3

AUC area under the curve, C/ confidence interval
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characteristics of the samples in the two studies, includ-
ing predictability of treatment and disease progres-
sion. At the same time, body mass index (BMI) was also
an independent risk factor for in-hospital mortality in
patients undergoing AAAD surgery. Previous studies
have shown [16] that overweight and obese patients have
a higher risk of postoperative complications, pulmonary
complications, and low cardiac output syndrome. A pre-
vious literature [17] reported that higher BMI can induce
kidney damage in patients after AAD and increase the
risk of death, especially in obese patients.

A previous study reported the prognostic value of
leukocytes at admission in AAAD patients [18], and
the results of this study confirmed this notion. Elevated
white blood cell count can reflect the acute inflamma-
tory response of aortic dissection and the degree of aor-
tic injury. The normal structure of the arterial wall is
destroyed, the compliance is decreased, and the resist-
ance to blood pressure is weakened, which leads to the
occurrence and development of dissection. During car-
diopulmonary bypass and deep hypothermic circulatory
arrest, the brain, lung, liver, kidney and other organs are
injured due to ischemia—reperfusion and inflammatory
reaction. This results in increased capillary permeabil-
ity, tissue edema, and ultimately multiple organ failure,
resulting in a significant increase in mortality in AAD
patients. Previous studies have shown that about 80.0%
of patients with aortic dissection also have hyperten-
sion [19]. Hypertension is a major risk factor for dissec-
tion rupture and increases the risk of death. The results
of this study also verified that hypertension is an inde-
pendent risk factor for postoperative in-hospital mortal-
ity in patients with AAAD. Therefore, it is particularly
important to strengthen the standardized treatment of
hypertensive patients. At the same time, the periopera-
tive management of high-risk patients was strengthened
to improve the prognosis of patients.

Disorders of blood lipid levels and abnormal metabo-
lism are closely related to the risk and prognosis of cardi-
ovascular disease. Low levels of high-density lipoprotein
cholesterol and high levels of triglycerides have been
proven risk factors for chronic diseases such as coro-
nary heart disease, diabetes, fatty liver, and metabolic
syndrome. Blood lipid analysis has a predictive effect on
early cardiovascular risk, diabetes, fatty liver, metabolic
syndrome, and insulin resistance, which has been con-
firmed by many studies [20]. Recent studies have shown
that abnormal lipid metabolism is closely related to aortic
disease [21]. Zhao et al. [22] found that compared with
normal control subjects, patients with abdominal aortic
aneurysm had lower HDL-C levels and higher LDL-C
levels. All the above studies suggest that dyslipidemia
plays an important role in aortic disease.
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Notably, our study showed that the admission TG/
HDL-C ratio was significantly associated with in-hos-
pital mortality. Higher TG/HDL-C levels can lead to a
significant increase in in-hospital death, which suggests
that patients with aortic dissection who died in hospi-
tal had more obvious dyslipidemia than those who sur-
vived AAAD. The proportion of HDL-C and TG levels
in patients with aortic dissection who died in hospital is
seriously imbalanced, which affects endothelial function,
enhances oxidative stress, and leads to systemic inflam-
mation. The study of Wilkins et al. [23] suggested that the
lower the level of HDL-C, the higher the probability of
coronary heart disease, and it is an independent predic-
tor of cardiovascular events in the population. Okanara
et al. [24] conducted a follow-up study for nearly 10 years
and showed that HDL-C was inversely proportional to its
all-cause mortality. The mechanism may be related to low
levels of HDL-C are not conducive to the regulation of
extracellular matrix reconstruction, cell differentiation
and proliferation [25, 26]. A study [27] found that serum
TG levels were significantly increased in patients with
aortic dissection. Its pathophysiological significance may
be related to the increased serum TG level aggravating
the impaired endothelial vasodilation function of aortic
vessels, thereby leading to the formation of aortic dis-
section. At the same time, the study found that TG was
significantly positively associated with the risk of cardio-
vascular events and all-cause mortality. With the increase
of TG levels, the incidence of ischemic heart disease and
ischemic stroke in the research subjects showed a sig-
nificant upward trend [28]. Therefore, early identification
of dyslipidemia chest pain patients and comprehensive
strategies such as reasonable blood lipid management,
drug prevention, healthy lifestyle adjustment, and exer-
cise intervention can achieve the goals of controlling the
occurrence and development of aortic dissection and
reducing postoperative complications.

However, compared with the single blood lipid indica-
tors of TG and HDL-C, it cannot fully reflect the over-
all level of blood lipids. TG/HDL-C ratio, as a combined
blood lipid index, can be used as a simple, accessible and
reliable hematological index for predicting cardiovascu-
lar risk. The TG/HDL ratio has been shown to be a strong
predictor of total mortality, coronary heart disease inci-
dence, and cardiovascular mortality. It was not associ-
ated with important prognostic variables including age,
ethnicity, smoking, hypertension, diabetes, and severity
of coronary heart disease [29]. Caselli et al. [30] found
that low HDL-C levels and high TG/HDL-C ratios were
risk factors for cardiovascular events in patients with
coronary heart disease. The ratio of TG/HDL-C can more
accurately reflect the comprehensive level of lipid metab-
olism in patients than the single blood lipid measurement
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results. Therefore, using the ratio of TG/HDL-C as a pre-
dictor of cardiovascular events in coronary heart disease
can more accurately predict the residual cardiovascu-
lar risk in patients with coronary heart disease. Studies
have found that high levels of TG/HDL-C can lead to
the development of abdominal aortic aneurysm, and it
is positively correlated with the severity of the patient’s
disease [31]. Consistent with the results of this study,
further correlation analysis in this study showed that the
TG/HDL-C ratio level was positively associated with in-
hospital mortality in AAAD patients. In this study, TG/
HDL-C was confirmed to be an independent predictor
of mortality risk in AAAD patients. Adding other pre-
dictive ratios (such as preoperative monocyte to high-
density lipoprotein ratio) using HDL-C as a component
predicted postoperative cardiac patients with hospitali-
zation and long-term mortality. Whether it will affect
other adverse prognostic outcomes remains to be further
confirmed by future studies [32, 33]. Consider that the
effect of blood lipids on poor prognosis may be differ-
ent between different populations. Therefore, we further
performed subgroup analysis and found that the ratio of
TG/HDL-C was significantly associated with in-hospital
mortality in patients with elderly, BMI>28 kg/m2, and
hypertension grade 2 or higher. This reminds us that spe-
cial attention should be paid to the elderly, BMI> 28 kg/
m?2 and hypertension grade 2 or above, especially those
with higher TG/HDL-C.

There are still some limitations in this study. First,
because this study is a single-center observational study.
Due to the large differences in patients’ clinical charac-
teristics, diagnosis and treatment measures, especially
surgical experience, the results of this study need to be
verified by a multi-center study. Second, this study only
analyzed the TG/HDL-C ratio at admission and within
24 h. Whether serial blood lipid testing after admission
has a higher predictive value for the prognosis of aor-
tic dissection remains to be studied. In addition, further
long-term follow-up studies are needed to understand
the effect of serum TG/HDL-C levels on long-term
prognosis.

Conclusion

In conclusion, this study demonstrates that serum TG/
HDL-C levels are a potential clinical prognostic factor in
patients after AAAD. Serum TG/HDL-C levels were pos-
itively associated with in-hospital mortality in patients
after AAAD in the Chinese population. Preoperative risk
assessment should pay special attention not only to those
high-risk groups, but also to patients with dyslipidemia.
Early clinical intervention may be effective in reducing
the risk of in-hospital mortality.
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