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in the prognostic relevance of body 
composition‑related variables in type A aortic 
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Abstract 

Background:  The current research is allocated to appraise the association between the parameters of body compo‑
sition and findings in type A aortic dissection (TAAD) cases in diverse age groups.

Methods:  Data from consecutive TAAD patients undergoing implantation of modified triple-branched stent-graft 
from January 2017 and December 2019 were prospectively collected and analyzed. A regression model of Cox pro‑
portional hazard was employed to assess correlations among body composition-related variables (body mass index 
[BMI], lean body mass [LBM], body surface area [BSA], and LBM index) as well as cumulative mortality.

Results:  Overall, 258 patients (53.9 ± 11.1 years old; 72.9% male) were separated into young (n = 110) and elderly 
(n = 148) age groups based upon whether they were younger or older than 50 years of age. Of these patients, 247 
survivors were included in subsequent analyses over an average 26.8 ± 11.6 month follow-up duration. Multivari‑
ate analyses in the elderly group instead of young group indicated that increased BMI (p = 0.042), BMI ≤ 18.5 kg/m2 
(p = 0.025), and lower LBM index values (p = 0.019) were significant predictors of increased total all-cause cumulative 
mortality. BMI was considerably positively correlated with estimated all-cause cumulative mortality in elderly but not 
young TAAD cases.

Conclusion:  Briefly, these results suggest that BMI and LBM indices are only significant predictors of TAAD patient all-
cause mortality in elderly patient cohorts, whereas they do not offer significant prognostic value for younger patients. 
As such, these age differences must be taken into consideration when conducting stratified risk assessments based 
upon TAAD patient body composition characteristics.
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Introduction
Body composition parameters have long been used in 
clinical contexts to guide treatment-related decision-
making and to predict patient outcomes. Body mass 
index (BMI), body surface area (BSA), and measurements 
of bone, lean, and fat mass are commonly analyzed vari-
ables in this context. Of these, BMI is the most frequently 
evaluated metric, but in some cases it fails to accurately 
recapitulate true body fat mass [1]. BSA is thought to be 
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a more robust and reliable predictor of 1-year mortality 
among individuals with chronic heart failure relative to 
BMI, as persons with greater overall body size exhibit 
longer survival irrespective of whether height is cor-
rected for [1]. Lean body mass (LBM) has been realized 
to independently estimate the incidence of all-cause mor-
tality among coronary cardiac disease cases [2].

Obesity is generally thought to be independently linked 
to cardiovascular morbidity and mortality risk [3], and 
some researchers have found that obesity has a negative 
impact on operative mortality or morbidity among cor-
onary artery bypass graft recipients [4] or valve surgery 
patients [5]. Paradoxically, however, there appears to be 
an inverse relation between mortality and body mass [6] 
among heart failure patients [7], individuals diagnosed 
with atrial fibrillation [8], and those being treated via per-
cutaneous coronary intervention [9]. This obesity para-
dox has also been observed for transcatheter aortic valve 
implantation (TAVI) patients [10]. In some studies, obese 
cases suffering operative treatment of type A acute aortic 
dissection (TAAD) were detected to exhibit higher rates 
of intraoperative death and an elevated risk of post-oper-
ative complications, pulmonary complications, and low 
cardiac output syndrome relative to non-obese patients 
[11]. However, there have been few reports to date 
regarding the prognostic relevance of body composition-
related variables in TAAD patients. As such, this analy-
sis was designed to examine the predictive value of body 
composition-related variables within a cohort of Fujian 
province TAAD cases suffering surgical treatment via an 
implantation approach of modified triple-branched stent-
graft [12].

Patients and methods
Patients
In total, this study cohort included 258 patients treated 
for TAAD from January 2017 to December 2019. All of 
these patients were diagnosed with TAAD via computed 
tomography (CT) scans and intraoperative transesopha-
geal echocardiography, and were treated in the Union 
Hospital of Fujian Medical University via implantation of 
modified triple-branched stent-graft.

Outcome measures
Prospective measurements of demographic and body 
composition-related clinical variables comprising body 
height and weight were made for all cases prior to 
TAAD treatment. Appropriate formulas were used to 
calculate the index values of BSA, BMI, LBM, and LBM 
for all patients. BMI was calculated for a given patient 
through dividing their body weight (kg) by the square 
of their height (m), and was classified using the most 
prevalent BMI classification system utilized for Chinese 

adults as follows [13]: normal weight (18.5 ≤ BMI < 25 kg/
m2), overweight (25 ≤ BMI < 30  kg/ m2), and obese 
(BMI ≥ 30  kg/m2). An 18.5  kg/m2 BMI cutoff was uti-
lized, as a BMI < 18.5  kg/m2 was previously identi-
fied as a criterion for frailty among TAAD patients 
[14]. BSA was computed using the Mosteller equation 
[15]. LBM was determined with the James equation: 
for females, LBM = 1.07 × weight [kg] − 148 × (weight 
[kg]/height [cm])2; for males, LBM = 1.1 × weight 
[kg] − 128 × (weight [kg]/height [cm])2 [16]. LBM index 
values were determined for a given patient by dividing 
the LBM by the square of their height (m).

Composite primary endpoints for this analysis included 
peri-operative mortality, permanent neurological damage 
(paraplegia or stroke), and renal disorder necessitating 
hemodialysis upon release from hospitalization [17]. Sec-
ondary mid-term outcome endpoints included delayed 
death and a lack of need for delayed aortic reinterven-
tions. Surviving patients were followed via phone calls, 
letters, or emails as appropriate. CTA was conducted 
prior to discharge, 3  months postoperatively, and once 
per year thereafter.

Procedure details
The surgical processes were executed under general anes-
thesia as described previously [12, 18, 19] and detailed in 
Fig.  2a–g and Additional file  1, Additional file  2, Addi-
tional file 3, Additional file 4, Additional file 5 and Addi-
tional file  6 of the present research. Briefly, during the 
regular cardiopulmonary bypass process, the ascending 
aorta was blocked, and incisions were made therein, with 
proximal operations including sinus reconstruction, aor-
tic valve repair, and ascending aortic artificial blood ves-
sel replacement being completed as appropriate. When 
the rectal temperature of the patient fell below 25  °C, 
antegrade selective cerebral perfusion was conducted via 
the right axillary artery. Then, to expose the true lumen 
of the descending aorta, an incision was made in the 
minor curvature of the aortic arch as well as the open-
ings in the three branches of the aortic arch. After arrest-
ing circulation, the fundamental segment and branches 
of the modified triple-branched stent graft were respec-
tively implanted into the true lumen of the descending 
aorta and the three corresponding branching arteries in 
the aortic arch, and in turn were released. The stent was 
then trimmed and two branch stent grafts were fixed 
as appropriate, after which the innominate artery was 
blocked and a perfusion tube was inserted into the left 
carotid artery via the second branch stent graft, and bilat-
eral antegrade cerebral perfusion was performed. The 
artificial blood vessel was then continuously sutured with 
the proximal end of the modified triple-branched stent 
graft, after which whole-body perfusion was restored, 
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patients were warmed, and cardiopulmonary bypass was 
terminated. The ethics committee of Fujian Medical Uni-
versity, China approved this study.

Statistical studies
The Kolmogorov–Smirnov method was used to test the 
normality of the continuous variables. The measurement 
data with a normal distribution were expressed as means 
with standard deviations (SD). Categorical variables 
were given as numbers (percentage). Outcomes between 
groups were compared via various tests including Stu-
dent’s t-tests, Pearson’s chi-squared, or Mann–Whitney 
U depending on the case. A logistic regression model 
was applied to measure risk scores for each patient based 
upon baseline variables including height, BMI, body 
weight, body surface area, LBM, LBM index, age, sex, 
hypertension, diabetes mellitus, obstructive sleep apnoea 
syndrome (OSAS), chronic obstructive pulmonary dis-
ease (COPD), left ventricular ejection fraction (LVEF), 
serum creatinine levels, hyperlipidemia, renal dysfunc-
tion, malperfusion syndromes, and severe or moderate 
aortic valve regurgitation (AR). Independent relation-
ships between body composition-related variables and 
overall or 1-year all-cause cumulative mortality were 
examined through multivariate Cox proportional hazard 
regression assessments, the achievements of which were 
explained as adjusted hazard ratios (HR) with 95% con-
fidence intervals (CIs). The values of BMI were treated as 
both continuous and categorical variables in the consid-
ered models. A two-tailed p < 0.05 was the significance 
threshold, and SPSS 24.0 was employed for statistical 
studies.

Results
Flow diagram of the screening and enrollment of study 
patients see Fig. 1.

General patient information
Data were collected and analyzed for 258 TAAD patients 
with an average age of 53.9 ± 11.1  years, of whom 110 
were classified as being young (mean age 43.4 ± 8.4 years, 
42.6%) and 148 were classified as being elderly (mean age 
59.4 ± 12.6  years, 57.4%). Of the overall patient cohort, 
188 (72.9%) were male. The median patient follow-up 
duration was 26.8 ± 11.6  months. For further details 
regarding patient demographic characteristics and body 
composition parameters, see Table  1. There were no 
considerable discrepancies in gender (p = 0.542) or the 
ratio of obesity (p = 0.170) when comparing the young 
and elderly patient cohorts, whereas the average BMI 
(p = 0.039) and BSA (p = 0.031) of the elderly cohort 
were higher than those of the young cohort, and the 
LBM (p = 0.028) and LBM index (p = 0.034) of the elderly 

cohort were significantly lower than those of the younger 
cohort. Hypertension rates (p = 0.000), diabetes mellitus 
(p = 0.032), and OSAS (p = 0.016) were also considerably 
greater in the elderly cohort relative to the young cohort 
(Fig. 2).

Intraoperative and postoperative data
Different patients underwent a range of concomitant 
processes including the repair of the aortic valve, the 
reconstruction of the Valsalva sinus, coronary artery 
bypass graft surgery, and Bentall procedures, and these 
procedures were performed at comparable rates in both 
groups (Table 2).

There existed no discrepancies between groups within 
the operative duration, duration of cardiopulmonary 
bypass, cross-clamp duration, duration of selective cer-
ebral perfusion and low body arrest, or mean length of 
hospitalization between these groups (Table 2).

Postoperative complications include neurological dys-
function, paraplegia or stroke, liver insufficiency, pneu-
monia, and multiple organ dysfunction syndromes. The 
30-day mortality rates in these two groups were 3.6% 
(4/110) and 4.7% (7/148), with no difference between 
groups (p = 0.906) (Table 3). Elderly patients also exhib-
ited a longer average postoperative ventilation time 
(p = 0.029), and higher rates of pneumonia (p = 0.001) 
and acute kidney injuries (p = 0.005) relative to cases in 
the younger cohort (Table 3).

Follow‑up findings
Herein, the 247 surviving patients were followed for 
26.8 ± 11.6  months post-operatively (range: 1–36), 
including 106 and 141 patients in the young and elderly 

Fig. 1  Flow diagram of the screening and enrollment of study 
patients
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cohorts. Following potential risk factors, the 1-year 
cumulative mortality rate (5.5% vs 6.8%, p = 0.668) did 
not differ between groups, whereas the all-cause cumu-
lative mortality of the elderly group was significantly 
increased in comparison to the young group (15.5% vs 
6.4%, p = 0.023) (Table 3).

In the elderly group, BMI (HR: 1.558, 95% CI 0.846–
1.988, p = 0.042), BMI < 18.5  kg/m2 (HR: 0.900, 95% CI 
0.116–0.978, p = 0.025) and a lower LBM index (HR: 
2.668, 95% CI 0.585–2.966, p = 0.019) were considerably 
related to higher total all-cause cumulative mortality, 

whereas LBM and BSA were not significantly associated 
with this endpoint (Table 4). The risk for obese patients 
was significantly increased relative to that of individu-
als of normal weight (HR: 4.390, 95% CI 1.346–14.320, 
p = 0.039, Fig. 3b, d). No body composition-related vari-
ables were considerably correlated with total all-cause 
cumulative mortality among young individuals (Table 4, 
Fig. 3a, c), but the significant positive association between 
predicted all-cause cumulative mortality and BMI was 
evident only for the elderly patient cohort (Fig. 4).

Discussion
Prior studies [20, 21] have reported that gender, sex, 
age, hypertension, left ventricular ejection fraction 
(LVEF), diabetes mellitus, malperfusion syndrome 
(MPS), aortic regurgitation, Marfan syndrome, a creatine 
level > 1.5 mg/dL, and operative duration were all poten-
tial risk factors used to assess an early composite end-
point. In our prior study, a multivariate logistic regression 
analysis indicated that risk factors for an primary com-
posite endpoint for patients undergoing implantation of 
modified triple-branched stent-graft included MPS (odds 
ratio 5.17; 95% CI 1.46–18.35; p = 0.011) and the levels of 
creatine > 1.5 mg/dL (odds ratio 5.44; 95% CI 2.27–13.06; 
p < 0.001) [18].

This study is the first to our knowledge to have assessed 
the prognostic utility of BSA, LBM, and the values of 
the LBM index as tools for assessing outcomes in TAAD 
patients undergoing treatment via a modified implantation 
approach of triple-branched stent-graft. The performed 
multivariate analysis indicated that BMI, BMI < 18.5  kg/
m2, and a lower LBM index were all significantly related to 
increased overall and 1-year all-cause cumulative mortality 
amongst elderly cases. On the contrary, no body composi-
tion-related were linked to all-cause cumulative mortality 
among younger TAAD patients.

These results may be attributable to the fact that the 
elderly cases participated in the present investigation 
exhibited a higher average BMI relative to young patients 
(26.4 ± 3.9 vs 24.8 ± 4.0), as higher BMI has previously 
been found to be linked to prolonged ventilation and a 
higher proportion of hypoxemia following AAD surgi-
cal procedures [22]. Acute respiratory disease syndrome 
(ARDS) is a critical potential complication that could 
lead to the high rates of pneumonia and prolonged ven-
tilation among TAAD patients, and increased BMI and 
old age are both known to be preoperative risk factors for 
ARDS [23]. ARDS incidence has been linked to an imbal-
ance between pro- and anti-inflammatory cytokines 
and between antioxidant activity and oxidative stress, 
with most obese cases exhibiting chronic excessive oxi-
dative stress and inflammation [24, 25]. The increased 

Table 1  Patient characteristics

Bold values indicate p < 0.05

Values are n (%) or mean ± SD

AR, aortic valve regurgitation; LVEF, left ventricular ejection fraction; COPD, 
chronic obstructive pulmonary disease; OSAS, obstructive sleep apnoea 
syndrome

Clinical presentation of under weight (BMI < 18.5 kg/m2), normal weight 
(18 ≤ BMI < 25 kg/m2), overweight (25 ≤ BMI < 30 kg/m2), and obese 
(30 ≤ BMI < 35 kg/m2) patients with aortic dissection Type A
a Defined as preoperative creatinine greater than 1.5 mg/dL

Variables All Young Elderly p
(n = 258) (n = 110) (n = 148)

Age (year) 53.9 ± 11.1 43.9 ± 10.4 59.9 ± 13.1 0.016
Male 188 (72.9) 78 (70.9) 110 (74.3) 0.542

Body height (cm) 163.9 ± 9.0 167.9 ± 6.5 161.1 ± 8.9 0.041
Body weight (kg) 73.5 ± 11.8 77.8 ± 10.8 68.2 ± 13.6 0.034
BMI (kg/m2) 26.2 ± 4.1 24.8 ± 4.0 26.4 ± 3.9 0.039
BMI ≥ 18.5 kg/m2 247 (95.7) 101 (91.9) 146 (98.6) 0.007
Normal weight 82 (33.2) 39 (38.6) 43 (29.5) 0.275

Overweight 95 (38.5) 37 (36.6) 58 (39.7) 0.360

Obesity 70 (28.3) 25 (24.8) 45 (30.8) 0.170

Body surface area (m2) 1.76 ± 0.3 1.80 ± 0.3 1.71 ± 0.2 0.031
Lean body mass (kg) 61.4 ± 8.4 63.7 ± 6.3 60.7 ± 4.5 0.028
Lean body mass index(kg/
m2)

19.9 ± 1.7 20.1 ± 1.7 18.3 ± 1.3 0.034

Hypertension 216 (83.7) 80 (72.7) 136 (91.9) 0.000
Diabetes mellitus 43 (16.7) 12 (10.9) 31 (21.0) 0.032
Hyperlipidemia 79 (30.6) 29 (26.4) 50 (33.8) 0.201

OSAS 25 (9.7) 5 (4.6) 20 (13.5) 0.016
COPD 26 (10.1) 10(9.1) 16 (10.8) 0.650

Renal dysfunctiona 60 (23.3) 28(25.5) 32 (21.6) 0.471

Moderate or severe AR 94 (36.4) 41 (37.3) 53 (35.8) 0.809

Malperfusion syndromes 46 (17.8) 21 (19.1) 25 (16.9) 0.648

 Cerebral 10 (3.9) 4 (3.6) 6 (4.0) 0.864

 Myocardial 10 (3.9) 5 (4.5) 5 (3.4) 0.631

 Renal 14 (5.4) 7 (6.4) 7 (4.7) 0.567

 Iliofemoral 6 (2.3) 3 (2.7) 3 (2.0) 1.000

 Gastrointestinal 6 (2.3) 2 (1.8) 4 (2.7) 0.961

LVEF, % 62.7 ± 6.7 62.9 ± 8.9 61.2 ± 7.7 0.618

Serum creatinine (umol/L) 118.8 ± 98 110.6 ± 88 119.8 ± 108 0.136
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production of reactive oxygen in obese individuals can 
directly damage cellular membranes, promote the adhe-
sion of monocytic cells, and drive the release of chemot-
actic factors and vasoactive compounds [22]. Pulmonary 

function is also commonly impaired in obese individuals, 
who often exhibit an increase in residual lung volume, 
reduced ventilatory drive, ventilation-perfusion abnor-
malities, reduced lung compliance, increases in chest 

Fig. 2  Procedure details of implantation of modified triple-branched stent-graft. A Modified triple-branched stent-graft. B Aortic root 
reconstruction and ascending aortic artificial blood vessel replacement. C Expose the branching arteries in the aortic arch. D Implant and release 
the modified triple-branched stent-graft. E Two branch stent grafts were fixed as appropriate. F A perfusion tube was inserted into the left carotid 
artery via the second branch stent graft, and bilateral antegrade cerebral perfusion was performed. G The artificial blood vessel was continuously 
sutured with the proximal end of the modified triple-branched stent graft
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wall impedance, and bronchospasms [26]. Consistent 
with these prior reports, we observed a longer average 
duration of ventilation (p = 0.029) and higher rates of 
pneumonia (p = 0.001) among elderly patients relative to 
young patients in this research.

Meanwhile, we found a superior proportion of OSAS 
(p = 0.016), hypertension (p = 0.000), and diabetes melli-
tus (p = 0.032) among elderly patients. Nicholl et al. [27] 
demonstrated a substantial diminution in the glomeru-
lar filtration rate (GFR) of the OSAS cases, potentially 
resulting in renal dysfunction. Indeed, obese individuals 
have been suggested to be at a higher risk of acute kidney 

injuries (AKI) owing to the greater rates of comorbidi-
ties and potential renal structural alterations, even when 
their serum biochemistry results are normal [28]. BMI 
has been found to independently predict AKI follow-
ing emergency surgical aortic total arch substitute using 
a frozen elephant trunk implant [29]. A prior multiple 
logistic regression analysis conducted using data from 
our center further determined that renal dysfunction 
was a risk factor for the primary composite endpoint in 
AAD patients following modified implantation of triple-
branched stent-graft [18]. Herein, obese elderly individu-
als were realized to exhibit an elevated risk of all-cause 

Table 2  Procedural data

Values are n (%) or mean ± SD

SCP, selective cerebral perfusion

Events All Young Elderly p
(n = 258) (n = 110) (n = 148)

Concomitant procedures

Reconstruction of sinus of Valsava 108 (41.9) 49 (44.5) 59 (39.9) 0.451

Aortic valve repair 31 (12.0) 14 (12.7) 17 (11.5) 0.762

Bentall 41 (15.9) 17 (15.5) 24 (16.2) 0.869

Coronary artery bypass graft 13 (5.0) 6 (5.5) 7 (4.7) 0.792

Mitral valve operation 5 (1.9) 2 (1.8) 3 (2.0) 1.000

Operation time (min) 290.5 ± 87.5 288.5 ± 97.8 290.8 ± 96.8 0.586

Cardiopulmonary bypass (min) 139.8 ± 35.8 138.6 ± 41.6 141.8 ± 35.5 0.558

Cross-clamp time (min) 48.9 ± 18.7 48.8 ± 17.8 49.0 ± 16.6 0.672

SCP and low body arrest (min) 14.1 ± 4.1 13.8 ± 4.8 14.1 ± 6.6 0.614

Table 3  Postoperative event rates of clinical outcomes

Bold values indicate p < 0.05
a Defined as 50% rise in baseline creatinine or new need for dialysis
b Defined as bilirubin greater than 5 mg/dL persisting for more than 5 days postoperatively
c Defined as positive result in sputum culture requiring anti-infection treatment, or chest roentgenogram diagnosing pneumonia after cardiac surgery

Events All Young Elderly p
(n = 258) (n = 110) (n = 148)

Ventilation time (h) 128.2 ± 182.3 120.2 ± 102.2 138.2 ± 100.6 0.029
Hospital time (d) 20.6 ± 13.8 20.0 ± 16.8 21.5 ± 15.5 0.529

Complications

 Neurologic dysfunction 9 (3.5) 4 (3.6) 5 (3.4) 1.000

  Temporary 6 (2.3) 3 (2.7) 3 (2.0) 1.000

  Permanent 3 (1.2) 1 (0.9) 2 (1.4) 1.000

 Acute kidney injurya 78 (30.2) 23 (20.9) 55 (37.2) 0.005
 Hepatic insufficiencyb 76 (29.5) 30 (27.3) 36 (24.3) 0.591

 Pneumoniac 208 (80.6) 78 (70.9) 130 (87.8) 0.001
 Multiple organ dysfunction syndrome 8 (3.1) 3 (2.7) 5 (3.4) 1.000

30-day cumulative mortality 11 (4.3) 4 (3.6) 7 (4.7) 0.906

One-year cumulative mortality 16 (6.2) 6(5.5) 10 (6.8) 0.668

Overall cumulative mortality 30 (11.6) 7(6.4) 23 (15.5) 0.023
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mortality (HR: 4.390, 95% CI 1.346–14.320, p = 0.039) 
and postoperative AKI (p = 0.005), in line with the results 
of the above reports. Further, hypertension is a domi-
nant risk factor for residual dissection rupture, which 
may explain the incidence of all-cause mortality in many 
cases. Diabetes cases are also less probable to appear with 
rupture of aortic aneurysm or to die as a consequence 
of aneurysm rupture, indicating that diabetes mellitus 
may be protective in this context, potentially because of 
biological modifications in the aortic wall or to indirect 
benefits derived from secondary prevention or more rig-
orous monitoring of blood pressure [30]. However, we 
did not observe such protective effects in the current 
study, as the rates of diabetes were higher in the elderly 
cohort relative to the younger cohort, as was the trend in 
all-cause mortality following TAAD surgery.

We additionally observed a relationship between 
BMI < 18.5  kg/m2 and an increase in overall all-cause 
mortality rates among elderly patients, in line with 
prior evidence demonstrating that a BMI < 18.5  kg/m2 
is an indicator of frailty [31]. To classify frailty, a score 
was created that consisted of seven components previ-
ously identified in published data as objective indicators 
of frailty. The components were as follows: (1) age more 

than 70 years; (2) body mass index less than 18.5 kg/m2; 
(3) serum creatinine greater than 1.2 mg/dL; (4) anemia 
less than 12.0 g/dL for women and less than 13.0 g/dL for 
men; (5) hypoalbuminemia less than 3.5 g/dL; (6) history 
of stroke; and (7) psoas muscle area index. One point was 
given for each criterion met to determine a frailty score 
of between 0 and 7. Frailty was defined as a score of 3 
or greater. Elderly individuals are more physically prone 
to frailty [32], which has in turn been linked to physi-
ological disorders such as heart rate variability, systemic 
inflammation, impaired immune functionality, and hor-
monal changes [33, 34], all of which can contribute to 
an increased risk of death. In our research, although the 
mean age in the elderly cohort was far below 70 years old 
(59.4 ± 12.6  years), the greater number of frail patients 
among them could explain the higher mortality rate than 
the young cohort.

Regarding BSA and LBM, in view of the evidence that 
BSA may be a better measure for investigating physi-
cal habits. Muscle is denser than fat, and BMI cannot 
distinguish between muscle mass and fat mass, which 
makes it an unreliable indicator of obesity, especially 
in patients with higher muscle mass. In contrast, BSA 
approximates obesity by measuring area, so it can 

Table 4  Multivariate analysis for overall and one-year all-cause cumulative mortality

Bold values indicate p < 0.05

BMI, body mass index; BSA, body surface area; HR, hazard ratio
a Normal weight: BMI < 25 kg/m2; overweight: 25 kg/m2 ≤ BMI < 30 kg/m2; obesity: BMI ≥ 30 kg/m2

Variables All Young Elderly

HR (95% CI) p HR (95% CI) p HR (95% CI) p

Overall all-cause cumulative mortality

BMI (per 1 kg/m2 increase) 1.100 (0.955–1.123) 0.586 1.016 (0.833–1.187) 0.311 1.558 (0.846–1.988) 0.042
BSA (per 1 m2 increase) 1.148 (0.499–3.699) 0.678 1.306 (0.468–11.886) 0.811 0.551 (0.119–5.558) 0.568

Lean body mass (per 1 kg increase) 0.996 (0.836–1.965) 0.669 1.056 (0.647–2.655) 0.880 1.045 (0.788–1.396) 0.885

Lean body mass index (per 1 kg/m2 increase) 1.085 (0.998–1.667) 0.788 1.222 (0.885–1.778) 0.450 2.668 (0.585–2.966) 0.019
Categorical BMI

BMI ≥ 18.5 versus < 18.5 kg/m2 0.666 (0.466–1.772) 0.660 1.569 (0.336–6.338) 0.668 0.900 (0.116–0.978) 0.025
Categorical BMI

Overweight versus. normal weighta 0.550 (0.300–1.690) 0.355 1.110 (0.886–3.332) 0.665 0.378 (0.350–0.784) 0.096

Obesity versus normal weighta 0.832 (0.611–21.42) 0.565 1.915 (0.103–35.49) 0.639 4.390 (1.346–14.320) 0.039
One-year all-cause cumulative mortality

BMI (per 1 kg/m2 increase) 0.860 (0.666–1.211) 0.774 1.060 (1.000–2.002) 0.123 1.002 (0.330–1.315) 0.047
BSA (per 1 m2 increase) 0.411 (0.098–2.228) 0.656 0.888 (0.099–2.115) 0.988 0.858 (0.063–1.215) 0.066

Lean body mass (per 1 kg increase) 0.819 (0.229–1.316) 0.303 1.001 (0.820–1.235) 0.355 1.205 (0.057–1.464) 0.058

Lean body mass index (per 1 kg/m2 increase) 1.309 (1.425–2.040) 0.505 1.285 (0.585–1.898) 0.080 1.003 (0.576–1.223) 0.044
Categorical BMI

BMI ≥ 18.5 vs. < 18.5 kg/m2 0.590 (0.188–1.008) 0.086 1.008 (0.798–3.332) 0.487 0.810 (0.580–1.210) 0.049
Categorical BMI

Overweight versus normal weighta 0.330 (0.110–1.980) 0.188 0.988 (0.760–1.565) 0.078 0.533 (0.350–0.998) 0.240

Obesity versus normal weighta 1.285 (0.318–4.585) 0.169 2.858 (1.085–8.808) 0.081 4.365 (1.268–11.308) 0.032



Page 8 of 10Luo et al. Journal of Cardiothoracic Surgery          (2021) 16:359 

better distinguish between muscle and fat [1]. How-
ever, we detected no correlation between BSA and all-
cause cumulative mortality in young or elderly TAAD 
patients, which might due to our small sample size and 
short follow-up period. A prior study of a TAVI patient 

cohort conducted in Taiwan identified lower LBM as 
independently predicting increased all-cause mortal-
ity among males following TAVI [35]. We observed a 
similar trend wherein a lower LBM index was closely 
tied with the enhanced incidence of all-cause mortality 
(HR = 2.668, 95% CI = 0.585–2.966, p = 0.019) among 
elderly patients following surgery performed via the 
modified implantation technique of triple-branched 
stent-graft.

These results of this analysis highlight an age-
dependent difference in the correlation between body 
composition-related variables and the prognosis of 
TAAD patients treated via a modified implantation 
approach of triple-branched stent-graft. Overall, our 
analysis revealed that the 30-day and 1-year all-cause 
cumulative mortality in the young and elderly TAAD 
patient cohorts were similar to one another follow-
ing propensity score adjustment. Differences between 
these groups may thus be attributable to baseline differ-
ences in the demographic characteristics or comorbid 
conditions in these two populations. Through multi-
variate analysis, we determined that increased BMI and 
lower LBM index values were significantly related to an 
enhancement in overall all-cause cumulative mortality 

Fig. 3  Overall all-cause mortality stratified by normal weight, overweight, and obese for young patients (A) and for elderly patients (B) and 
stratified by obesity versus normal weight for young patients (C) and for elderly patients (D)

Fig. 4  Association between body mass index and estimated 
all-cause mortality for elderly patients
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among elderly but not younger TAAD patients, sug-
gesting that these two body composition parameters 
may be sensitive and reliable indicators capable of strat-
ifying risk in these patient populations.

Limitations
There exist multiple restrictions to the current sur-
vey. First, this was an observational study and it is thus 
inherently susceptible to potential demographic bias. 
Additionally, our sample size was too low to permit fur-
ther subgroup analyses based upon additional age- or 
BMI-based stratification. During the follow-up baseline 
parameters and unintended changes in body weight were 
found to be associated with study outcomes, suggesting 
that altered physical habits have the impact to influence 
TAAD patient long-term outcomes, although further 
research on this topic is warranted. Additionally, owing 
to a lack of consensus regarding the LBM and LBM index 
cutoffs, we were unable to classify or categorize these 
parameters. What is more, various potential confounders 
such as smoking status, prior cardiac surgery, family his-
tory, connective tissue disorder, etc. might have confused 
the results. Ultimately but most importantly, this was a 
single-center investigation of a Southeast Chinese popu-
lation, and additional multi-center studies of populations 
from multiple countries will be essential to validate these 
findings.

Conclusions
In conclusion, our results indicated that BMI and LBM 
index values serve as significant predictors of TAAD 
patient outcomes only among elderly patients and not 
among younger individuals. As such, age differences 
must be taken into account when conducting stratified 
risk analyses based upon body composition parameters 
in TAAD patients.

Abbreviations
AR: Aortic valve regurgitation; LVEF: Left ventricular ejection fraction; COPD: 
Chronic obstructive pulmonary disease; OSAS: Obstructive sleep apnoea 
syndrome; SCP: Selective cerebral perfusion; BMI: Body mass index; BSA: Body 
surface area; HR: Hazard ratio.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s13019-​021-​01742-1.

Additional file 1. Ascending aorta and total arch replacement combined 
with implantation of modified triple-branched stent-graft. Exposure of 
branch arteries and establishment of cardiopulmonary bypass.

Additional file 2. Ascending aorta and total arch replacement combined 
with implantation of modified triple-branched stent-graft. Aortic root 
reconstruction and ascending aortic artificial blood vessel replacement.

Additional file 3. Ascending aorta and total arch replacement combined 
with implantation of modified triple-branched stent-graft. Expose the 
branching arteries, then implant and release the modified triple-branched 
stent-graft.

Additional file 4. Ascending aorta and total arch replacement combined 
with implantation of modified triple-branched stent-graft. Two branch 
stent grafts were fixed as appropriate.

Additional file 5. Ascending aorta and total arch replacement combined 
with implantation of modified triple-branched stent-graft. A perfusion 
tube was inserted into the left carotid artery via the second branch stent 
graft, and bilateral antegrade cerebral perfusion was performed.

Additional file 6. Ascending aorta and total arch replacement combined 
with implantation of modified triple-branched stent-graft. The artificial 
blood vessel was continuously sutured with the proximal end of the 
modified triple-branched stent graft.

Acknowledgements
We highly acknowledge the contribution by the participating doctors: Han-
Fan Qiu, Liang-Liang Yan, Xue-Shan Huang, Xiao-Fu Dai, Dao-Zhong Chen, 
Dong-Shan Liao, Feng Lin, Qi-Min Wang.

Authors’ contributions
Z.-R.L. and L.-W.C. designed the study. Z.-R.L. and X.-D.C. collected and ana‑
lyzed data together. Z.-R.L. drafted the article and submitted the manuscript. 
L.-W.C. supervised this study. All authors read the final version of this article 
and approved for publication.

Funding
This research was funded by the National Natural Science Foundation of China 
(81670438), (81700418) and the Fujian Province Major Science and Technology 
Program (2018YZ001-1).

Availability of data and materials
Data sharing not applicable to this article as no data sets were generated or 
analyzed during the current study.

Declarations

Ethics approval and consent to participate:
The present study was approved by the ethics committee of Fujian Medical 
University, China and adhered to the tenets of the Declaration of Helsinki.

Consent for publication
Not applicable.

Competing interests
All authors declare that they have no competing interests.

Author details
1 Department of Cardiovascular Surgery and Cardiac Disease Center, Union 
Hospital, Fujian Medical University, Fuzhou 350001, People’s Republic of China. 
2 Key Laboratory of Cardio‑Thoracic Surgery (Fujian Medical University), Fujian 
Province University, Fuzhou, People’s Republic of China. 

Received: 7 August 2021   Accepted: 19 December 2021

References
	1.	 Futter JE, Cleland JG, Clark AL. Body mass indices and outcome in 

patients with chronic heart failure. Eur J Heart Fail. 2011;13(2):207–13.
	2.	 Lavie CJ, De Schutter A, Patel DA, Romero-Corral A, Artham SM, Milani 

RV. Body composition and survival in stable coronary heart disease: 
impact of lean mass index and body fat in the “obesity paradox.” J Am Coll 
Cardiol. 2012;60(15):1374–80.

https://doi.org/10.1186/s13019-021-01742-1
https://doi.org/10.1186/s13019-021-01742-1


Page 10 of 10Luo et al. Journal of Cardiothoracic Surgery          (2021) 16:359 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	3.	 Fontaine KR, Redden DT, Wang C, Westfall AO, Allison DB. Years of life lost 
due to obesity. JAMA. 2003;289(2):187–93.

	4.	 Habib RH, Zacharias A, Schwann TA, Riordan CJ, Durham SJ, Shah A. 
Effects of obesity and small body size on operative and long-term out‑
comes of coronary artery bypass surgery: a propensity-matched analysis. 
Ann Thorac Surg. 2005;79(6):1976–86.

	5.	 Rahmanian PB, Adams DH, Castillo JG, Chikwe J, Bodian CA, Filsoufi F. 
Impact of body mass index on early outcome and late survival in patients 
undergoing coronary artery bypass grafting or valve surgery or both. Am 
J Cardiol. 2007;100(11):1702–8.

	6.	 Mariscalco G, Wozniak MJ, Dawson AG, Serraino GF, Porter R, Nath M, 
et al. Body mass index and mortality among adults undergoing cardiac 
surgery: a nationwide study with a systematic review and meta-analysis. 
Circulation. 2017;135(9):850–63.

	7.	 Oreopoulos A, Padwal R, Kalantar-Zadeh K, Fonarow GC, Norris CM, McAl‑
ister FA. Body mass index and mortality in heart failure: a meta analysis. 
Am Heart J. 2008;156(1):13–22.

	8.	 Badheka AO, Rathod A, Kizilbash MA, Garg N, Mohamad T, Afonso L, 
Jacob S. Influence of obesity on outcomes in atrial fibrillation: yet another 
obesity paradox. Am J Med. 2010;123(7):646–51.

	9.	 Angeras O, Albertsson P, Karason K, Ramunddal T, Matejka G, James S, 
Lagerqvist B, Rosengren A, Omerovic E. Evidence for obesity para‑
dox in patients with acute coronary syndromes: a report from the 
Swedish coronary angiography and angioplasty registry. Eur Heart J. 
2013;34(5):345–53.

	10.	 Sannino A, Schiattarella GG, Toscano E, Gargiulo G, Giugliano G, Galderisi 
M, Losi MA, Stabile E, Cirillo P, Imbriaco M, et al. Meta-analysis of effect of 
body mass index on outcomes after transcatheter aortic valve implanta‑
tion. Am J Cardiol. 2017;119(2):308–16.

	11.	 Lio A, Bovio E, Nicolò F, et al. Influence of body mass index on outcomes 
of patients undergoing surgery for acute aortic dissection: a propensity-
matched analysis. Tex Heart Inst J. 2019;46(1):7–13.

	12.	 Chen LW, Dai XF, Wu XJ, et al. Ascending aorta and hemiarch replace‑
ment combined with modified triple-branched stent graft implantation 
for repair of acute Debakey type I aortic dissection. Ann Thorac Surg. 
2017;103:595–601.

	13.	 Bei-Fan Z, Cooperative Meta-Analysis Group of the Working Group on 
Obesity in China. Predictive values of body mass index and waist circum‑
ference for risk factors of certain related diseases in Chinese adults-study 
on optimal cut-off points of body mass index and waist circumference in 
Chinese adults. Biomed Environ Sci. 2002;15(1):83–96.

	14.	 Ganapathi AM, Englum BR, Hanna JM, et al. Frailty and risk in proximal 
aortic surgery. J Thorac Cardiovasc Surg. 2014;147:186-91.e1.

	15.	 Mosteller RD. Simplified calculation of body-surface area. N Engl J Med. 
1987;317(17):1098.

	16.	 James WPT, Waterlow JC. Research on obesity: a report of the DHSS/MRC 
group. HM Stationery Office; 1976.

	17.	 Lin H, Du Y, Yu C, et al. Single stage hybrid repair for Debakey type I aortic 
dissection in high risk patients. Eur J Vasc Endovasc Surg. 2018;56:363–72.

	18.	 Qiu Z-H, Chen L-W, Liao L-M, Xiao J, Dai X-F, Fang G-H, et al. Efficiency of 
modifified triple-branched stent graft in type I aortic dissection: two-year 
follow-up. Ann Thorac Surg. 2020;110(3):925–32.

	19.	 Luo Z-R, Liao D-S, Chen L-W. Comparative analysis of postoperative sexual 
dysfunction and quality of life in type a aortic dissection patients of dif‑
ferent ages. J Cardiothorac Surg. 2021;16(1):117.

	20.	 Xu S, Liu J, Li L, et al. Cardiopulmonary bypass time is an independent risk 
factor for acute injury in emergent thoracic aortic surgery: a retrospective 
cohort study. J Cardiothorac Surg. 2019;14:90.

	21.	 Qian SC, Ma WG, Pan XD, et al. Renal malperfusion affects operative 
mortality rather than late death following acute type A aortic dissection 
repair. Asian J Surg. 2020;43:213–9.

	22.	 Sheng W, Yang H-Q, Chi Y-F, Niu Z-Z, Lin M-S, Long S. Independent risk 
factors for hypoxemia after surgery for acute aortic dissection. Saudi Med 
J. 2015;36(8):940–6.

	23.	 Möller CM, Ellmauer P-P, Zeman F, Bitzinger D, Flörchinger B, Graf BM, 
et al. Postoperative acute respiratory dysfunction and the influence of 
antibiotics after acute type A aortic dissection surgery: a retrospective 
analysis. PLoS One. 2021;16(2):e0246724.

	24.	 Kordonowy LL, Burg E, Lenox CC, Gauthier LM, Petty JM, Antkowiak M, 
et al. Obesity is associated with neutrophil dysfunction and attenuation 
of murine acute lung injury. Am J Respir Cell Mol Biol. 2012;47:120–7.

	25.	 Mazloom Z, Hejazi N, Dabbaghmanesh MH. Effects of obesity on inflam‑
mation and lipid profile of obese women. Saudi Med J. 2009;30:1357–8.

	26.	 Ray CS, Sue DY, Bray G, Hansen JE, Wasserman K. Effects of obesity on 
respiratory function. Am Rev Respir Dis. 1983;128(3):501–6.

	27.	 Nicholl DD, Ahmed SB, Loewen AH, et al. Declining kidney function 
increases the prevalence of sleep apnea and nocturnal hypoxia. Chest. 
2012;141:1422–30.

	28.	 Amann K, Benz K. Structural renal changes in obesity and diabetes. Semin 
Nephrol. 2013;33(1):23–33.

	29.	 Liu T, Yuwei Fu, Liu J, Liu Y, Zhu J, Sun L, et al. Body mass index is an 
independent predictor of acute kidney injury after urgent aortic arch 
surgery for acute DeBakey Type I aortic dissection. J Cardiothorac Surg. 
2021;16(1):145.

	30.	 Theivacumar NS, Stephenson MA, Mistry H, Valenti D. Diabetes mellitus 
and aortic aneurysm rupture: a favorable association? Vasc Endovasc 
Surg. 2014;48:45–50.

	31.	 Gomibuchi T, Seto T, Komatsu M, Tanaka H, Ichimura H, Yamamoto T, 
et al. Impact of frailty on outcomes in acute type A aortic dissection. Ann 
Thorac Surg. 2018;106(5):1349–55.

	32.	 Lin HS, Watts JN, Peel NM, Hubbard RE. Frailty and post-operative 
outcomes in older surgical patients: a systematic review. BMC Geriatr. 
2016;16(1):157.

	33.	 Ferrucci L, Fabbri E. Inflammageing: chronic inflammation in ageing, 
cardiovascular disease, and frailty. Nat Rev Cardiol. 2018;15(9):505–22.

	34.	 Wilson D, Jackson T, Sapey E, Lord JM. Frailty and sarcopenia: the potential 
role of an aged immune system. Ageing Res Rev. 2017;36:1–10.

	35.	 Chang H-H, Chen P-L, Leu H-B, Chen I-M, Wu N-Y, Chen Y-H. Sex difference 
in the prognostic role of body composition parameters in Taiwanese 
patients undergoing transcatheter aortic valve implantation. BMC Cardio‑
vasc Disord. 2020;20(1):283.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Age-dependent differences in the prognostic relevance of body composition-related variables in type A aortic dissection patients
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Patients and methods
	Patients
	Outcome measures
	Procedure details
	Statistical studies

	Results
	General patient information
	Intraoperative and postoperative data
	Follow-up findings

	Discussion
	Limitations
	Conclusions
	Acknowledgements
	References


