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The association between
body mass index and risk
of preoperative oxygenation
impairment in patients with
the acute aortic syndrome

Chiyuan Zhang1, Ruizheng Shi2, Guogang Zhang1, Hui Bai3,
Yanfeng Zhang3, Lei Zhang3, Xuliang Chen3, Zuli Fu2,
Guoqiang Lin3* and Qian Xu3*

1Department of Cardiovascular Medicine, the Third Xiangya Hospital, Central South University,
Changsha, Hunan, China, 2Department of Cardiovascular Medicine, Xiangya Hospital, Central South
University, Changsha, Hunan, China, 3Department of Cardiovascular Surgery, Xiangya Hospital,
Central South University, Changsha, Hunan, China
Objective: The study aimed to determine the relationship between body mass

index (BMI) and the risk of acute aortic syndrome (AAS) with preoperative

oxygenation impairment.

Methods: A meta-analysis of published observational studies involving BMI and

AAS with preoperative oxygenation impairment was conducted. A total of 230

patients with AAS were enrolled for retrospective analysis. All patients were

divided into 2 groups (Non-oxygenation impairment group and Oxygenation

impairment group). Logistic regression analysis was performed to assess the

relation between BMI and the risk of preoperative oxygenation impairment

after the onset of AAS. Dose-response relationship curve and subgroup analysis

were conducted to test the reliability of BMI as an independent factor of it.

Results: For the meta-analysis, the quantitative synthesis indicated that

excessive BMI increased the risk of preoperative oxygenation impairment

(OR: 1.30, 95% CI: 1.05-1.60, Pheterogeneity = 0.001). For the retrospective

analysis, a significant association was observed after adjusting for a series of

variables. BMI was significantly related to preoperative oxygenation impairment

after the onset of AAS (OR: 1.34, 95% CI: 1.15-1.56, p <0.001), and compared

with normal weight group (18.5 kg/m2
≤ BMI < 23.0 kg/m2), the individuals with

excessive BMI were at higher risk of preoperative oxygenation impairment for

the obese group (BMI ≥ 25 kg/m2) (OR: 17.32, 95% CI: 4.03-74.48, p <0.001). A

J-shape curve in dose-response relationship analysis further confirmed their

positive correlation. Subgroup analysis showed that diastolic blood pressure
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(DBP) ≥ 90mmHg carried an excess risk of preoperative oxygenation impairment

in obese patients.

Conclusion: Excessive BMI was an independent risk factor for AAS with

preoperative oxygenation impairment.
KEYWORDS

body mass index, overweight, obesity, acute aortic syndrome, preoperative
oxygenation impairment
Introduction

Acute aortic syndrome (AAS) is a serious cardiovascular

disease characterized by urgent onset, rapid progression,

and high mortality, and often requires strict management

including emergency operation (1). Studies have shown that

approximately 50% of AAS patients are complicated with

preoperative oxygenation impairment (2), which not only

prolongs mechanical ventilation time and hospitalization, but

also increases the risk of death and leads to a poorer clinical

prognosis (3). Therefore, assessment of the risk factors

for clinical outcomes is critical for risk stratification and

management of these patients.

Preoperative oxygenation impairment is closely related to

ventilation-to-perfusion mismatch and intrapulmonary shunting

caused by some pulmonary pathologic changes such as alveolar

epithelial and microvascular endothelial damage and immune

cells recruitment to the lungs (4), but the definite pathogenesis of

AAS with preoperative oxygenation impairment has not been well

illustrated. It is currently considered that inflammation is involved

in its occurrence and development (5, 6). The damaged aorta

releases a large number of cytokines into circulation through

intimal rupture, and local vascular inflammation can further

develop into excessive systemic inflammation through

circulation, which results in multiple organ dysfunction (6).

Since the pulmonary capillary bed is an important reservoir of

inflammatory cells, the lungs are often the main site of tissue

damage by AAS, leading to a hypoxic state in AAS patients (6).

Overweight and obesity are increasingly becoming a medical

and socio-economic problem in both developed and developing

countries, and body mass index (BMI) calculated from height

and weight was used as the measure of excess weight in a wide

range of studies (7). In recent years, studies have revealed that

excessive BMI is associated with preoperative oxygenation

impairment in patients with acute aortic dissection (AD) or

intramural hematoma (IMH) (2, 3), and obese AAS patients

have higher levels of inflammation and oxidative stress than

those with normal weight, suggesting its potential value for risk

stratification in AAS patients (8). However, other studies found
02
there is no correlation between excess weight and increased risk

of preoperative oxygenation impairment such as hypoxemia in

patients with AD (9, 10). Thus, the relationship between BMI

and AAS with preoperative oxygenation impairment was poorly

defined. In order to clarify inconsistent findings, we conducted a

meta-analysis. Moreover, we performed a retrospective study to

confirm these findings. We sought to evaluate the influence of

excessive BMI on preoperative oxygenation impairment among

AAS patients, and provide new clinical evidence for risk

stratification of such patients.
Methods and material

Study selection and search strategy

The Literatures search followed the Preferred Reporting Items

for Systematic Reviews and Meta-Analyses (PRISMA) guidelines

(11) and the protocol was registered at the international prospective

register of systematic reviews (PROSPERO) with the registration

number CRD42022300844. Studies published up to 1 January 2022

were searched for in PubMed, Embase and Web of Science

databases and the keywords were: acute aortic syndrome

(including AD, IMH, penetrating ulcer) AND oxygenation

impairment (including oxygen deficiency, acute respiratory

distress syndrome, acute lung injury, hypoxemia) AND

preoperative AND bodymass index (including obesity, overweight).

All titles and abstracts of studies were screened to select

potentially eligible studies, and full texts of those eligible studies

were independently reviewed by two investigators (Chiyuan

Zhang and Ruizheng Shi). Studies were included if they satisfied

the following criteria: (1) studies confirmed to be observational

studies; (2) BMI or excess weight (such as obesity) were used as

the exposure factors; (3) studies involved the occurrence of AAS

with preoperative oxygenation impairment; (4) studies described

the value of outcome events with odds ratio (OR) and 95%

confidence interval (CI). The related references of the articles

that met the requirements above were also included, and

duplicated publications were excluded. Our outcome was
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limited to AAS with preoperative oxygenation impairment by any

of these definitions. Disagreements were discussed and solved

through consensus.
Data extraction and quality assessment

We extracted the following information from each included

study: first author’s surname, publication year, country,

ethnicity, study size, sex, number of cases, diagnostic criteria

of preoperative oxygenation impairment, BMI, BMI categories,

OR value with the corresponding 95% CIs and adjustment

factors in the multivariable analysis. These data were

independently extracted based on selection criteria. The

Newcastle-Ottawa Scale (NOS) score was used to evaluate the

quality of those observational studies (including case-control

and cohort studies) involved (12), and studies with a score of 6

or greater were assigned as high-quality studies.
Clinical study population

We retrospectively enrolled AAS patients admitted to the

Department of Cardiovascular Surgery at Xiangya Hospital from

December 2018 to December 2020. The diagnosis of AAS was

made by contrast-enhanced computed tomography (CT) of the

aorta. Patients with the following conditions were excluded:

those aged < 18 years or > 80 years, those who had a clear

etiology such as iatrogenic aortic disease, secondary to cardiac

surgery or a history of chronic AD or IMH, those with chronic

diseases in lung, liver, kidney or malignant tumor, those with

cardiac arrest, cardiac tamponade, heart failure, hypotension or

shock on admission. The study was approved by the ethics

committee of Xiangya Hospital (approval number 202101003,

Date: January 15, 2021), and written informed consent was

waived given the retrospective nature of the study.
Collection and definition of
clinical variables

We collected patients’ data including age, gender, BMI, current

smoking, vital signs (systolic blood pressure, diastolic blood

pressure, heart rate, etc.), comorbidities (hypertension, diabetes

mellitus, fatty liver, etc.), laboratory tests (white blood cell count,

hemoglobin, platelet, creatinine, etc.), echocardiographic and CT

scan findings on admission. Preoperative oxygenation impairment

was defined as an arterial oxygen tension (PaO2)/inspiratory oxygen

fraction (FiO2) ratio ≤ 200 on admission (3). All patients were

divided into 2 groups based on the preoperative oxygenation

impairment. Besides, in the stratified analysis, due to the

differences in body size between Asians and Europeans, patients

were further subdivided as: normal weight (18.5 kg/m2 ≤ BMI
Frontiers in Endocrinology 03
< 23.0 kg/m2), overweight (23.0 kg/m2 ≤ BMI < 25.0 kg/m2) and

obesity (BMI ≥ 25 kg/m2) following the Asian criteria (13, 14). AAS

is defined as classic acute AD with a patent false lumen and IMH.
Statistical analysis

For the meta-analysis, we used combined OR and 95% CI to

determine the association between BMI and the risk of

preoperative oxygenation impairment after the onset of AAS.

The Q statistic and I2 statistics were utilized to assess the

heterogeneity among the included studies, and data were

analyzed with a random effect model. To investigate the effect

of potential confounders, subgroup analysis was performed

based on the available characteristics of these studies and

sensitivity analysis by omitting one study at each time.

Publication bias was assessed with Begg’s funnel plot test.

For the retrospective analysis, the continuous variables with

normally distributed distributions are presented as mean ± SD,

and the non-normally distributed continuous variables as

median and interquartile range (IQR). The categorical

variables were presented by number and percentage. We

compared 2 variables using the Student t test or Mann-

Whitney U test and 3 variables using the One-way ANOVA

test or Mann-Whitney U test for continuous data and the chi-

squared test for categorical data as appropriate. We used both

univariate and multivariate logistic regression models to evaluate

the relationship between BMI and AAS with preoperative

oxygenation impairment. Considering the possibility of impact

of other known confounding factors (age, gender, Stanford

classification, current smoking, etc.), we also conducted a

subgroup analysis according to these factors and a dose-

response relationship analysis to test the reliability of

this association.

A two-sided p value < 0.05 was considered statistically

significant and all statistical analyses were performed by

STATA 12.0 and R 4.0.3.
Results

Literature search and characteristics of
the included studies

A flowchart of the study selection process was shown in

Supplementary Figure 1. A total of 101 articles were found in

PubMed (n = 22), Embase (n = 41) and Web of Science (n = 38).

Then, a list of 8 article was selected after eliminating duplicate

records (n = 26) and ineligible ones (n = 67) according to the title

and/or abstracts screen. Ultimately, 6 articles were included in

the quantitative analysis by removing 2 articles after full-text

review. Supplementary Table 1 summarized the characteristics

of the included studies. In detail, these studies involved 1244
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patients with AAS, and the preoperative oxygenation

impairment cases ranged from 21 to 235. Apart from one

study conducted in Japan, others were performed in China.

Diagnostic criteria of preoperative oxygenation impairment in

these studies are as follows: 3 studies used PaO2/FiO2 ratio ≤ 200, 2

studies used PaO2/FiO2 ratio ≤ 300, 1 study used the concept of

acute lung injury without clarifying the value of PaO2/FiO2. Besides,

according to the NOS criteria, the score of these studies was 6 to 8,

which was presented in Supplementary Figure 2.
Quantitative synthesis and analysis

The 6 case-control studies were included in the meta-

analysis. A pooled summary showed that excessive BMI had a

higher the risk of preoperative oxygenation impairment after the

onset of AAS (Figure 1). The combined ORs (95% CI) were 1.30

(1.05-1.60), and the heterogeneity in these studies was relatively

high (I2 = 75.6%, P = 0.001).

To explore the source of heterogeneity of the result above,

subgroup analysis and sensitivity analysis were conducted

subsequently. Supplementary Table 2 summarized the results of

the subgroup analysis. When stratified by Stanford classification,

there was a higher risk of preoperative oxygenation impairment in

Stanford type B AAS patients with excess weight. In the stratified

analysis by different data forms for BMI, studies choosing BMI as

continuous data had a greater risk of preoperative oxygenation

impairment than those using BMI as categorical data.Moreover, the

sample size was also significantly related to the risk of preoperative

oxygenation impairment for AAS patients with excess weight. The
Frontiers in Endocrinology 04
sensitivity analysis revealed that none of the individual studies had a

large influence on the pooled result (Supplementary Figure 3). In

addition, Begg’s test indicated no publication bias (P = 0.260), but

the funnel plot was asymmetric, so its possibility remains to be

considered (Supplementary Figure 4).
Baseline characteristics of AAS patients

A total of 285 AAS patients were enrolled from the Xiangya

hospital for this retrospective study. Among them, 55 patients were

excluded due to age < 18 years or > 80 years (n = 3), a history of

chronic AD or IMH (n = 42), chronic lung disease (n = 6), chronic

liver disease (n = 10), chronic kidney disease (n = 8), malignant

tumor (n = 1), cardiac arrest (n = 1), cardiac tamponade (n = 2),

hypotension or shock (n =3) (Supplementary Figure 5). Thus, 230

AAS patients were ultimately recruited for further analysis. There

were 72 AAS patients with preoperative oxygenation impairment

(Oxygenation impairment group) and 158 controls (Non-

oxygenation impairment group), and the baseline characteristics

of the patients were presented in Table 1. In detail, the patients in

the oxygenation impairment group were younger and had a higher

BMI (all p < 0.05). Obesity, fatty liver and hypertension were more

common among them (all p < 0.05), while coronary artery disease

(CAD) was more common in the Non-oxygenation impairment

group (p < 0.05). In laboratory and imaging examination, patients

with preoperative oxygenation impairment had higher levels of

diastolic blood pressure (DBP), creatinine (Cr), and PaO2/FiO2 ratio

(all p < 0.05), and were less likely to have Stanford type A AAS and

aortic regurgitation than non-oxygenation impairment patients (all
FIGURE 1

Forest plot of the risk of preoperative oxygenation impairment after the onset of AAS. Gray squares indicate the OR in each study, transparent
diamond indicates the combined OR in all studies, and horizontal lines represent the 95% CI. AAS, acute aortic syndrome; OR, odds ratio; CI,
confidence interval.
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p < 0.05). After hospitalization, the oxygenation impairment group

received more vasodilators (p < 0.01). Then, stratified analysis was

performed based on BMI, which was shown in Table 2. The

proportion of males and PaO2/FiO2 ratio was positively related to

BMI increase (all p < 0.05). In addition, the fatty liver, hypertension,

preoperative oxygenation impairment, and a higher level of DBP,

neutrophile (NE), and C reactive protein (CRP) were more

common in excessive BMI groups (all p < 0.05).
Frontiers in Endocrinology 05
The association between BMI and AAS
with oxygenation impairment

To explore the relationship between BMI and the risk of

AAS with preoperative oxygenation impairment, a logistic

regression analysis was conducted. A significant association

was observed in the study after adjusting for age, gender, fatty

liver, hypertension, CAD, DBP, Cr, Stanford classification,
TABLE 1 Baseline characteristics of study participants.

Non-oxygenation impairment (n=158) Oxygenation impairment (n=72) p values

Age (years) 54.46 ± 13.21 50.01 ± 10.75 0.013

Sex, male (%) 117 (74.1) 60 (83.3) 0.121

BMI (kg/m2) 23.65 (22.04-26.15) 26.63 (25.49-29.39) <0.001

BMI, n (%) <0.001

18.5 ≤ BMI < 23 65 (41.1) 4 (5.6)

23 ≤ BMI < 25 37 (23.4) 8 (11.1)

BMI ≥ 25 56 (35.4) 60 (83.3)

Current smoking, n (%) 77 (48.7) 43 (59.7) 0.122

Medical history

Fatty liver, n (%) 39 (34.8) 34 (57.6) 0.004

Hypertension, n (%) 107 (67.7) 60 (83.3) 0.014

CAD, n (%) 17 (10.8) 2 (2.8) 0.041

Diabetes, n (%) 6 (3.8) 1 (1.4) 0.324

Vital signs on admission

SBP (mmHg) 142.00 (123.00-160.00) 147.50 (129.50-171.50) 0.078

DBP (mmHg) 70.00 (62.00-80.00) 76.50 (65.00-89.25) 0.018

Heart rate (/min) 75.50 (65.75-92.25) 82.5 (71.00-92.00) 0.149

Laboratory data on admission

WBC (×109/L) 11.20 (8.60-13.75) 11.95 (9.53-15.00) 0.076

NE (×109/L) 8.80 (6.65-11.50) 10.00 (7.03-12.93) 0.144

Hb (g/L) 130.00 (120.00-139.00) 134.50 (123.00-145.00) 0.084

PLT (×109/L) 168.00 (130.50-213.50) 192 (137.00-226.00) 0.151

D-dimer (mg/mL) 1.55 (0.76-2.78) 1.36 (0.50-2.84) 0.465

Cr (mmol/l) 91.60 (73.95-106.85) 99.65 (84.70-127.65) 0.004

CRP (mg/l) 42.25 (8.86-92.53) 47.50 (15.30-78.90) 0.866

PaO2/FiO2 ratio 341.00 (269.25-483.50) 171.00 (143.75-185.00) <0.001

Ultrasound and CT findings on admission

Stanford classification 0.036

Type A, n (%) 118 (74.7) 44 (61.1)

Type B, n (%) 40 (25.3) 28 (38.9)

AD, n (%) 136 (88.3) 66 (91.7) 0.446

IMH, n (%) 33 (21.4) 12 (16.7) 0.404

LVEF (%) 60.00 (56.00-67.00) 60.00 (56.00-66.00) 0.532

LVEDD (mm) 50.00 (45.00-53.50) 50.00 (47.00-54.00) 0.547

Aortic regurgitation, n (%) 127 (89.4) 48 (73.8) 0.004

Pleural effusion, n (%) 32 (22.7) 19 (28.8) 0.344

Medications on admission

Vasodilators, n (%) 111 (70.3) 63 (87.5) 0.005
fron
Data are presented as mean ± SD, n (%), or medians (interquartile ranges). BMI, body mass index; CAD, coronary artery disease; SBP, systolic blood pressure; DBP, diastolic blood pressure;
WBC, white blood cell; NE, neutrophile; Hb, hemoglobin; PLT, platelet; Cr, creatinine; CRP, C reactive protein; PaO2/FiO2, arterial oxygen tension/inspiratory oxygen fraction; AD, aortic
dissection; IMH, intramural hematoma; LVEF, left ventricular ejection fraction; LVEDD, left ventricular end-diastolic dimension.
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aortic regurgitation and vasodilators. As illustrated in Table 3,

by multiple logistic regression analysis, BMI was independently

related to preoperative oxygenation impairment after the onset

of AAS (OR: 1.34, 95% CI: 1.15-1.56, p <0.001), and compared

with the normal weight group (18.5 kg/m2 ≤ BMI < 23.0

kg/m2), the individuals with excessive BMI were at higher

risk of preoperative oxygenation impairment for the obese

group (BMI ≥ 25 kg/m2) (OR: 17.32, 95% CI: 4.03-74.45,

p <0.001). Besides, the dose-response relationship presented

a J-shaped curve, that was, the risk of AAS with preoperative
Frontiers in Endocrinology 06
oxygenation impairment increased with the increased

BMI (Figure 2).

For interaction analysis, the study participants were divided

into different subgroups according to gender, age, Stanford

classification, current smoking, fatty liver, hypertension, CAD,

diabetes, vasodilators, DBP, D-dimer, fibrinogen, etc. The results

showed no interaction in most strata (p for interaction = 0.058-

0.921). Only obese AAS patients with a DBP ≥ 90mmHg had an

excess risk of preoperative oxygenation impairment (OR: 37.40,

95% CI: 3.84-364.57, p <0.05) (Table 4).
TABLE 2 Stratified analysis of baseline characteristics according to BMI.

18.5 ≤ BMI < 23 (n=69) 23 ≤ BMI < 25 (n=45) BMI ≥ 25 (n=116) p values

Age (years) 55.26 ± 14.63 53.62 ± 10.34 51.54 ± 12.06 0.181

Sex, male (%) 45 (65.2) 35 (77.8)a 97 (83.6)bc 0.016

Current smoking, n (%) 30 (43.5) 23 (51.1) 67 (57.8) 0.169

Medical history

Fatty liver, n (%) 6 (13.0) 10 (27.8) 57 (64.0)bc <0.001

Hypertension, n (%) 38 (55.1) 36 (80.0)a 93 (80.2)c <0.001

CAD, n (%) 7 (10.1) 3 (6.7) 9 (7.8) 0.774

Diabetes, n (%) 3 (4.3) 2 (4.4) 2 (1.7) 0.501

Vital signs on admission

SBP (mmHg) 142.00 (120.00-162.00) 142.00 (118.00-157.50) 145.50 (130.00-168.75) 0.136

DBP (mmHg) 65.00 (62.00-78.00) 69.00 (62.00-80.00) 76.00 (65.00-84.75)c 0.010

Heart rate (/min) 75.00 (65.00-91.00) 82.00 (66.50-92.00) 82.00 (68.00-94.75) 0.331

Laboratory data on admission

WBC (×109/L) 11.3 (8.45-13.78) 10.6 (8.30-12.15) 11.8 (9.60-14.80) 0.090

NE (×109/L) 8.80 (6.53-11.70) 8.40 (5.90-10.35) 9.85 (7.13-12.60)b 0.039

Hb (g/L) 124.00 (112.25-138.00) 129.00 (123.00-135.50) 136.00 (123.00-145.00)c 0.002

PLT (×109/L) 162.00 (141.25-202.75) 182.00 (130.50-231.00) 174.50 (131.50-214.75) 0.613

D-dimer (mg/mL) 1.66 (0.83-3.06) 1.14 (0.47-2.67) 1.52 (0.78-2.81) 0.317

Cr (mmol/l) 85.30 (70.70-102.08) 91.60 (77.15-123.70) 98.35 (80.93-113.68)c 0.024

CRP (mg/l) 19.45 (3.96-76.80) 42.80 (9.96-117.00) 66.65 (15.38-91.93)c 0.022

PaO2/FiO2 ratio 424.00 (287.50-572.50) 294.00 (209.00-440.50)a 200.00 (161.00-293.75)bc <0.001

Ultrasound and CT findings on admission

Stanford classification 0.901

Type A, n (%) 50 (72.5) 31 (68.9) 81 (69.8)

Type B, n (%) 19 (27.5) 14 (31.1) 35 (30.2)

AD, n (%) 56 (82.4) 41 (93.2) 105 (92.1) 0.078

IMH, n (%) 17 (25.0) 7 (15.9) 21 (18.4) 0.426

LVEF (%) 60.00 (56.00-66.25) 63.00 (57.00-69.00) 60.00 (56.00-65.00) 0.418

LVEDD (mm) 48.00 (44.00-52.00) 50.00 (45.00-57.00) 51.50 (47.00-54.00)c 0.021

Aortic regurgitation, n (%) 58 (92.1) 31 (79.5) 86 (81.9) 0.132

Pleural effusion, n (%) 18 (28.6) 8 (20.5) 25 (23.8) 0.631

Medications on admission

Vasodilators, n (%) 50 (52.2) 29 (64.4) 95 (81.9) 0.052

Oxygenation impairment, n (%) 4 (5.8) 8 (17.8) 60 (51.7)bc <0.001
fron
Data are presented as mean ± SD, n (%), or medians (interquartile ranges).
aP < 0.05 for 18.5 ≤ BMI < 23 group vs 23 ≤ BMI < 25 group;
bP < 0.05 for 23 ≤ BMI < 25 group vs BMI ≥ 25 group;
cP < 0.05 for 18.5 ≤ BMI < 23 group vs BMI ≥ 25 group;
BMI, body mass index; CAD, coronary artery disease; SBP, systolic blood pressure; DBP, diastolic blood pressure; WBC, white blood cell; NE, neutrophile; Hb, hemoglobin; PLT, platelet;
Cr, creatinine; CRP, C reactive protein; PaO2/FiO2, arterial oxygen tension/inspiratory oxygen fraction; AD, aortic dissection; IMH, intramural hematoma; LVEF, left ventricular ejection
fraction; LVEDD, left ventricular end-diastolic dimension.
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Discussion

In our study, we explored the relationship between BMI and

preoperative oxygenation impairment after the onset of AAS. Our

meta-analysis demonstrated that excessive BMI increased the risk of

AAS with preoperative oxygenation impairment. Similarly, our

retrospective study further confirmed this correlation above.

Multivariate logistic analysis suggested that both excessive BMI

could be independent risk factors for preoperative oxygenation

impairment in AAS patients. A dose-response relationship curve

showed that BMI was positively correlated with the incidence of

AAS with preoperative oxygenation impairment. Subgroup analysis

indicated that DBP ≥ 90mmHg carried an excess risk of

preoperative oxygenation impairment in obese patients with AAS.

Our study provided new clinical evidence for risk stratification of

AAS patients with preoperative oxygenation impairment.

Preoperative oxygenation impairment is a serious

complication that occurs in patients with AAS, which is not
Frontiers in Endocrinology 07
only life-threatening but also prolongs the length of ventilator

support and intensive care unit (ICU) stay (15). In recent years,

with the increasing incidence of the complication, studies have

focused on its relationship with BMI, but the results are

controversial. For instance, Tamura Y and his colleagues

found in a retrospective study of 224 Stanford type B AAS

patients that obesity (defined as BMI ≥ 25 kg/m2) was an

independent risk factor of preoperative oxygenation

impairment (3). Similarly, Pan X and his colleagues

demonstrated that excessive BMI was significantly related to

the occurrence of preoperative oxygenation impairment in

patients with Stanford type A AD (2). However, two studies

from China (9, 16) respectively revealed that there was no

significant association between excessive BMI and the increased

risk of preoperative oxygenation impairment in acute AD

patients. These controversial results may be stemmed from

the differences in the diagnostic criteria of oxygenation

impairment, the dissimilarities in patients’ inclusion criteria,

and the different adjustments for identifying the risk factors of

AAS with preoperative oxygenation impairment

In the present study, we reviewed 6 studies for meta-analysis.

Based on the NOS scores, the included studies were of high

quality (a score of 6-8), suggesting their reliable results. The

quantitative synthesis indicated that BMI was independently

related to oxygenation impairment after the onset of AAS.

Similar results were observed in the subgroup analysis of the

Stanford classification and different data forms for BMI.

Furthermore, we retrospectively recruited 230 individuals in

our center and found that preoperative oxygenation

impairment occurred in approximately one-third of patients

with AAS. These patients were younger, had higher BMI, DBP

and Cr, more fatty liver, hypertension, used vasodilators, and

had less Stanford type A AAS, CAD, and aortic regurgitation.

When we further stratified all subjects according to the BMI, a

significant positive correlation between BMI and PaO2/FiO2 ratio

was identified, and preoperative oxygenation impairment was

more common in obese patients with AAS. We further found

that overweightness is an independent risk factor of AAS with

preoperative oxygenation impairment, which confirms the

results of our meta-analysis. Also, the dose-response analysis

and subgroup analysis proved its reliability and potential value
FIGURE 2

The dose-response relationship between BMI and AAS with
preoperative oxygenation impairment. The vertical black bars
represent individual BMI values. The solid red line and the dash
black line represent the estimated OR and its 95% CI. BMI, body
mass index; AAS, acute aortic syndrome; OR, odds ratio; CI,
confidence interval.
TABLE 3 The association between BMI and AAS with preoperative oxygenation impairment in univariate and multivariate logistic regression
analysis.

Univariate Multivariate

OR (95% CI) p values OR (95% CI) p values

BMI 1.40 (1.25-1.56) <0.001 1.34 (1.15-1.56) <0.001

18.5 ≤ BMI < 23 Reference – Reference –

23 ≤ BMI < 25 3.51 (0.99-12.47) 0.052 4.10 (0.82-20.48) 0.085

BMI ≥ 25 17.41 (5.95-50.93) <0.001 17.32 (4.03-74.48) <0.001
fron
BMI, body mass index; AAS, acute aortic syndrome; OR, odds ratio.
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TABLE 4 Interaction analysis of the association with BMI and AAS with preoperative oxygenation impairment.

No. of patients BMI levels (kg/m2) p for interaction

18.5-23 23-25 ≥ 25

Gender 0.136

Male 177 ref 3.58 (0.65-19.71) 25.90 (5.94-112.98)

Female 53 ref 4.71 (0.65-34.18) 6.42 (1.15-35.90)

Age, years 0.004

< 60 163 ref / /

≥ 60 67 ref 0.69 (0.07-7.07) 2.50 (0.66-9.51)

Stanford classification <0.001

Type A 162 ref 3.35 (0.89-12.61) 7.91 (2.50-24.08)

Type B 68 ref / /

AD 0.704

No 24 ref / 13.75 (1.21-156.65)

Yes 202 ref 4.28 (1.06-17.30) 19.43 (5.71-66.13)

IMH 0.525

No 181 ref 4.41 (1.08-17.98) 17.82 (5.18-61.29)

Yes 45 ref / 17.6 (1.96-157.94)

Current smoking 0.324

No 110 ref 5.44 (0.96-30.92) 15.07 (3.26-69.63)

Yes 120 ref 2.10 (0.32-13.75) 18.35 (4.04-83.36)

Fatty liver 0.178

No 98 ref 3.46 (0.58-20.42) 27.77 (5.68-135.81)

Yes 73 ref 3.33 (0.277-40.29) 5.18 (0.57-47.16)

Hypertension 0.921

No 63 ref / /

Yes 167 ref 2.05 (0.55-7.72) 9.47 (3.11-28.81)

CAD 0.058

No 211 ref 2.90 (0.79-10.62) 17.82 (6.04-52.61)

Yes 19 ref / /

Diabetes 0.918

No 223 ref 3.54 (1.00-12.61) 16.63 (5.67-48.76)

Yes 7 ref / /

Vasodilators 0.546

No 56 ref / /

Yes 174 ref 3.00 (0.77-11.70) 14.51 (4.84-43.55)

SBP, mmHg 0.552

< 140 93 ref 1.50 (0.19-11.64) 14.79 (3.13-69.90)

≥ 140 137 ref 6.00 (1.10-32.60) 20.09 (4.50-89.58)

DBP, mmHg 0.044

< 90 192 ref 4.36 (1.08-17.62) 15.18 (4.43-51.99)

≥ 90 38 ref / 37.40 (3.84-364.57)

D-dimer, mg/mL 0.427

< 0.5 40 ref 0.64 (0.07-5.61) 7.00 (1.10-44.61)

≥ 0.5 188 ref 6.58 (1.24-34.80) 27.92 (6.45-120.83)

Fibrinogen, g/L 0.078

< 4 166 ref 10.20 (1.99-52.24) 27.37 (6.26-119.68)

≥ 4 63 ref 11.16 (2.05-49.93) 6.93 (1.34-35.99)

ESR, mm/h 0.266

< 20 65 ref 20.00 (1.74-229.49) 22.35 (2.70-184.79)

(Continued)
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for prediction. Recent studies have shown that the AAS

complicated by oxygenation impairment is closely related to

inflammation, and it is believed that the progression of local

vascular inflammation caused by intima tear and hematoma

formation in AAS plays a vital role, which can develop into

systemic inflammatory reaction and result in acute lung injury

(17). However, few studies have investigated its pathogenesis in

obese patients. Obese patients have abundant adipose tissue, but

the vascular system in the tissue is underdeveloped so adipocytes

are prone to hypoxia (18). Continuous over-nutrition eventually

leads to a state of chronic hypoxia within the adipose tissue in

obese patients (18). Also, adipose tissue can release a variety of

cytokines including inflammatory factors into circulation (19),

and hypoxia has been demonstrated to be one of the most potent

stimuli for the release of a series of inflammatory factors such as

interleukin-1b (IL-1b), tumor necrosis factor-a (TNF-a) and

interleukin-6 (IL-6), and activating pro-inflammatory signaling

pathways (20, 21). Thus, obese patients have subclinical chronic

inflammation, leading to a predisposition to a severe respiratory

inflammatory response and oxygenation impairment (21). It is

reported that obese patients with AAS showed an elevated IL-1b,
TNF-a, and IL-6 (8), while our study also revealed that these

patients had a higher level of NE and CRP (P = 0.039, 0.022),

suggesting a more severe inflammatory response in such

patients. These inflammatory reactants may directly destroy

pulmonary vascular endothelial cells through circulation,
Frontiers in Endocrinology 09
resulting in pulmonary dysfunction and oxygenation

impairment (17), and hypoxia can further stimulate adipocytes

to release inflammatory cytokines, creating a vicious cycle. In

addition, obesity is a significant factor for hypoxemia and

ventilation in the ICU, (22). The high-fat content in the pleura

or chest walls of obese patients can limit thoracic breathing and

diaphragmatic activity and reduce respiratory resistance and

airway resistance (22, 23).

The result of the subgroups analysis showed no interaction

in most strata, which proved that obesity was a reliable

independent risk factor for AAS with preoperative

oxygenation impairment. We also found that obese AAS

patients with DBP ≥ 90mmHg had an excess risk of

oxygenation impairment. It is well known that one of the

main treatments for AAS is the antihypertensive therapy, to

decrease the shear stress on the aortic wall and reduce the size of

the tear in the false lumen (24). Thus, the higher blood pressure

in AAS, the higher the risk of aortic rupture and/or other

complications such as visceral and peripheral ischemia, which

can promote oxygenation impairment (25). Besides, DBP is an

indicator of peripheral vascular resistance. A significantly

increased DBP in patients with AAS can lead to organ

malperfusion including lung and may contribute to the

ventilation-blood flow mismatch and a state of hypoxia.

Perhaps, it could explain the reason why DBP ≥ 90mmHg had

an excess risk of oxygenation impairment in obese patients with
TABLE 4 Continued

No. of patients BMI levels (kg/m2) p for interaction

18.5-23 23-25 ≥ 25

≥ 20 73 ref 2.04 (0.30-13.85) 8.97 (1.81-44.47)

CRP, mg/l 0.502

< 8 18 ref 11.00 (0.35-345.06) 33.00 (1.56-697.96)

≥ 8 74 ref 1.94 (0.36-10.43) 5.90 (1.48-23.44)

IL-1b, pg/ml 0.454

< 5.0 43 ref 5.50 (0.61-49.54) 3.93 (0.71-21.75)

≥ 5.0 52 ref 1.40 (0.08-25.14) 8.75 (0.99-77.19)

TNF-a, pg/ml 0.904

< 8.1 33 ref / /

≥ 8.1 49 ref 1.87 (0.24-14.65) 3.67 (0.84-16.04)

IL-10, pg/ml 0.215

< 9.1 70 ref 1.64 (0.28-9.58) 2.75 (0.67-11.32)

≥ 9.1 24 ref / /

Aortic regurgitation 0.609

No 32 ref 1.33 (0.09-20.11) 11.2 (1.00-125.64)

Yes 175 ref 3.53 (0.78-15.89) 15.94 (4.63-54.92)

Pleural effusion 0.846

No 110 ref 1.83 (0.24-14.13) 14.79 (3.23-67.79)

Yes 78 ref 2.86 (0.46-17.81) 13.75 (2.81-67.41)
BMI, body mass index; AAS, acute aortic syndrome; AD, aortic dissection; IMH, intramural hematoma; CAD, coronary artery disease; SBP, systolic blood pressure; DBP, diastolic blood
pressure; ESR, erythrocyte sedimentation rate; CRP, C reactive protein; IL-1b, Interleukin-1b; TNF-a, Tumor necrosis factor-a; IL-10, Interleukin-10.
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AAS. Furthermore, our result suggested that more severe

measures should be taken in this situation.

It is the first time to estimate the association between

different BMI groups and AAS with preoperative oxygenation

impairment. Together with previous studies, our results

supported the potential value of BMI as an indicator for risk

stratification and obesity as an independent risk factor of

preoperative oxygenation impairment in AAS patients, which

provided potent clinical evidence for the prevention and

management of such patients. The limitations of this study are

listed as follows: firstly, the inclusion of case-control studies and

significant heterogeneity in the meta-analysis increased bias in

the results; secondly, our study included a retrospective single-

center analysis and its sample size was relative small, which

might not be universally representative. More large-scale

prospective studies need to validate the present results in

the future.

In conclusion, our findings are consistent with the general

consensus that excessive BMI is an independent risk factor for

AAS with preoperative oxygenation impairment. AAS patients

who have a BMI of 25 or greater are at increased risk of

preoperative oxygenation impairment.
Data availability statement

The datasets presented in this study can be found in online

repositories. The names of the repository/repositories and accession

number(s) can be found in the article/Supplementary Material.
Ethics statement

The studies involving human participants were reviewed and

approved by the ethics committee of Xiangya Hospital. Written

informed consent for participation was not required for this

study in accordance with the national legislation and the

institutional requirements.
Author contributions

QX and GL conceived the study. CZ reviewed publications,

extracted the data of eligible studies for the meta-analysis,
Frontiers in Endocrinology 10
performed the statistical analysis and wrote the first draft of

the paper. RS reviewed publications and extracted the data of

eligible studies for the meta-analysis. GZ and HB extracted the

data of eligible studies for the meta-analysis. YZ and LZ

recruited the AAS patients with and without oxygenation

impairment and collected their clinical data. XC and ZF

performed the statistical analysis. All authors contributed to

the article and approved the submitted version.
Funding

This study was supported by two grants from the Hunan

Provincial Natural Science Foundation of China (Hunan, China;

Grant No. 2021JJ41041 and No. 2022JJ70158)
Acknowledgments

We would like to thank Yuwei Wu for statistical assistance.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/

fendo.2022.1018369/full#supplementary-material
References
1. Mussa FF, Horton JD, Moridzadeh R, Nicholson J, Trimarchi S, Eagle KA.
Acute aortic dissection and intramural hematoma: A systematic review. Jama
(2016) 316:754–63. doi: 10.1001/jama.2016.10026

2. Pan X, Lu J, Cheng W, Yang Y, Zhu J, Jin M. Independent factors related to
preoperative acute lung injury in 130 adults undergoing Stanford type-a acute
aortic dissection surgery: a single-center cross-sectional clinical study. J Thorac Dis
(2018) 10:4413–23. doi: 10.21037/jtd.2018.06.140

3. Tamura Y, Tamura Y, Kametani M, Minami Y, Nakayama T, Takagi D, et al.
Predictors of hypoxemia in type-b acute aortic syndrome: a retrospective study. Sci
Rep (2021) 11:23413. doi: 10.1038/s41598-021-02886-9
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fendo.2022.1018369/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2022.1018369/full#supplementary-material
https://doi.org/10.1001/jama.2016.10026
https://doi.org/10.21037/jtd.2018.06.140
https://doi.org/10.1038/s41598-021-02886-9
https://doi.org/10.3389/fendo.2022.1018369
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Zhang et al. 10.3389/fendo.2022.1018369
4. Meyer NJ, Gattinoni L, Calfee CS. Acute respiratory distress syndrome.
Lancet (London England) (2021) 398:622–37. doi: 10.1016/S0140-6736(21)00439-6

5. Wu Z, Chang J, Ren W, Hu Z, Li B, Liu H. Bindarit reduces the incidence of
acute aortic dissection complicated lung injury via modulating NF-kB pathway.
Exp Ther Med (2017) 14:2613–8. doi: 10.3892/etm.2017.4830

6. Zhao X, Bie M. Preoperative acute lung injury and oxygenation impairment
occurred in the patients with acute aortic dissection. BMC Cardiovasc Disord
(2022) 22:129. doi: 10.1186/s12872-022-02579-9

7. Peitz GW, Troyer J, Jones AE, Shapiro NI, Nelson RD, Hernandez J, et al.
Association of body mass index with increased cost of care and length of stay for
emergency department patients with chest pain and dyspnea. Circ Cardiovasc Qual
Outcomes (2014) 7:292–8. doi: 10.1161/CIRCOUTCOMES.113.000702

8. Wu Z, Wang Z, Wu H, Hu R, Ren W, Hu Z, et al. Obesity is a risk factor for
preoperative hypoxemia in Stanford a acute aortic dissection. Medicine (2020) 99:
e19186. doi: 10.1097/MD.0000000000019186

9. Duan XZ, Xu ZY, Lu FL, Han L, Tang YF, Tang H, et al. Inflammation is
related to preoperative hypoxemia in patients with acute Stanford type a aortic
dissection. J Thorac Dis (2018) 10:1628–34. doi: 10.21037/jtd.2018.03.48

10. Guo Z, Yang Y, Zhao M, Zhang B, Lu J, Jin M, et al. Preoperative hypoxemia
in patients with type a acute aortic dissection: a retrospective study on incidence,
related factors and clinical significance. J Thorac Dis (2019) 11:5390–7. doi:
10.21037/jtd.2019.11.68

11. Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Petticrew M, et al.
Preferred reporting items for systematic review and meta-analysis protocols
(PRISMA-p) 2015: elaboration and explanation. BMJ (Clinical Res ed) (2015)
350:g7647. doi: 10.1136/bmj.g7647

12. Weis S, Kesselmeier M, Davis JS, Morris AM, Lee S, Scherag A, et al.
Cefazolin versus anti-staphylococcal penicillins for the treatment of patients with
staphylococcus aureus bacteraemia. Clin Microbiol Infect Off Publ Eur Soc Clin
Microbiol Infect Dis (2019) 25:818–27. doi: 10.1016/j.cmi.2019.03.010

13. Kim BY, Kang SM, Kang JH, Kang SY, Kim KK, Kim KB, et al. 2020 Korean
Society for the study of obesity guidelines for the management of obesity in Korea. J
Obes Metab Syndrome (2021) 30:81–92. doi: 10.7570/jomes21022

14. Cui J, Sun X, Li X, Ke M, Sun J, Yasmeen N, et al. Association between
different indicators of obesity and depression in adults in qingdao, China: A cross-
sectional study. Front Endocrinol (2018) 9:549. doi: 10.3389/fendo.2018.00549
Frontiers in Endocrinology 11
15. Hysi I, Juthier F, Fabre O, Fouquet O, Rousse N, Banfi C, et al. Aortic root
surgery improves long-term survival after acute type a aortic dissection. Int J
Cardiol (2015) 184:285–90. doi: 10.1016/j.ijcard.2015.02.020

16. Duan XZ, Chen J, Xu ZY. Risk factors for preoperative hypoxemia in acute
type a aortic dissection. Acad J Second Military Med University (2016) 37:111–4.
doi: 10.16781/j.0258-879x.2016.01.0111

17. Wu Z, Wang Z, Xu P, Zhang M, Cheng L, Gong B. A novel finding:
Macrophages involved in inflammation participate in acute aortic dissection
complicated with acute lung injury. Curr Mol Med (2017) 17:568–79. doi:
10.2174/1566524018666180222123518

18. Pasarica M, Sereda OR, Redman LM, Albarado DC, Hymel DT, Roan LE,
et al. Reduced adipose tissue oxygenation in human obesity: evidence for
rarefaction, macrophage chemotaxis, and inflammation without an angiogenic
response. Diabetes (2009) 58:718–25. doi: 10.2337/db08-1098

19. Wisse BE. The inflammatory syndrome: the role of adipose tissue cytokines
in metabolic disorders linked to obesity. J Am Soc Nephrol JASN (2004) 15:2792–
800. doi: 10.1097/01.ASN.0000141966.69934.21

20. Zemel MB, Sun X, Sobhani T, Wilson B. Effects of dairy compared with soy
on oxidative and inflammatory stress in overweight and obese subjects. Am J Clin
Nutr (2010) 91:16–22. doi: 10.3945/ajcn.2009.28468

21. Keaney JFJr., Larson MG, Vasan RS, Wilson PW, Lipinska I, Corey D, et al.
Obesity and systemic oxidative stress: clinical correlates of oxidative stress in the
framingham study. Arteriosc Thromb Vasc Biol (2003) 23:434–9. doi: 10.1161/
01.ATV.0000058402.34138.11

22. De Jong A, Wrigge H, Hedenstierna G, Gattinoni L, Chiumello D, Frat JP,
et al. How to ventilate obese patients in the ICU. Intensive Care Med (2020)
46:2423–35. doi: 10.1007/s00134-020-06286-x

23. McCallister JW, Adkins EJ, O'Brien JMJr. Obesity and acute lung injury.
Clinics Chest Med (2009) 30:495–508, viii. doi: 10.1016/j.ccm.2009.05.008

24. Silaschi M, Byrne J, Wendler O. Aortic dissection: medical, interventional
and surgical management. Heart (British Cardiac Society) (2017) 103:78–87. doi:
10.1136/heartjnl-2015-308284

25. Evangelista A, Isselbacher EM, Bossone E, Gleason TG, Eusanio MD,
Sechtem U, et al. Insights from the international registry of acute aortic
dissection: A 20-year experience of collaborative clinical research. Circulation
(2018) 137:1846–60. doi: 10.1161/CIRCULATIONAHA.117.031264
frontiersin.org

https://doi.org/10.1016/S0140-6736(21)00439-6
https://doi.org/10.3892/etm.2017.4830
https://doi.org/10.1186/s12872-022-02579-9
https://doi.org/10.1161/CIRCOUTCOMES.113.000702
https://doi.org/10.1097/MD.0000000000019186
https://doi.org/10.21037/jtd.2018.03.48
https://doi.org/10.21037/jtd.2019.11.68
https://doi.org/10.1136/bmj.g7647
https://doi.org/10.1016/j.cmi.2019.03.010
https://doi.org/10.7570/jomes21022
https://doi.org/10.3389/fendo.2018.00549
https://doi.org/10.1016/j.ijcard.2015.02.020
https://doi.org/10.16781/j.0258-879x.2016.01.0111
https://doi.org/10.2174/1566524018666180222123518
https://doi.org/10.2337/db08-1098
https://doi.org/10.1097/01.ASN.0000141966.69934.21
https://doi.org/10.3945/ajcn.2009.28468
https://doi.org/10.1161/01.ATV.0000058402.34138.11
https://doi.org/10.1161/01.ATV.0000058402.34138.11
https://doi.org/10.1007/s00134-020-06286-x
https://doi.org/10.1016/j.ccm.2009.05.008
https://doi.org/10.1136/heartjnl-2015-308284
https://doi.org/10.1161/CIRCULATIONAHA.117.031264
https://doi.org/10.3389/fendo.2022.1018369
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	The association between body mass index and risk of preoperative oxygenation impairment in patients with the acute aortic syndrome
	Introduction
	Methods and material
	Study selection and search strategy
	Data extraction and quality assessment
	Clinical study population
	Collection and definition of clinical variables
	Statistical analysis

	Results
	Literature search and characteristics of the included studies
	Quantitative synthesis and analysis
	Baseline characteristics of AAS patients
	The association between BMI and AAS with oxygenation impairment

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


