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Background: Aortic aneurysm and aortic dissection can have a major impact on the life expectancy of
Marfan syndrome (MFS) or Loeys-Dietz syndrome (LDS) patients. Although obesity can influence the
development of aortic complications, evidence on whether obesity influences the development of aortic
aneurysm or dissection in MFS and LDS is limited. The aim of the present study was to elucidate the
relationship between aortic size and body composition, assessed by modern bioelectrical impedance analysis
(BIA) in MFS/LDS-patients.

Methods: In this exploratory cross-sectional study in MFS or LDS patients, enrolled between June 2020
and May 2022, 34 patients received modern BIA and magnetic resonance imaging (MRI) (n=32) or computed
tomography (CT) imaging (n=2) of the entire aorta. A P value of <0.05 was considered significant.

Results: Fifty-one patients (66% female; mean age: 37.7«11.7; range, 17-68 years) with MFS or LDS
were enrolled; 34 patients, 27 with MFS and 7 with LDS, underwent aortic MRI or CT scanning. The
mean aortic length was 503.7+58.7 mm, and the mean thoracic aortic length and abdominal aortic length
were 351.5+52.4 and 152.2+27.4 mm, respectively. The aortic bulb and the ascending aorta were measured
only in the non-surgically repaired patients. Fifteen MFS (88.2%) and two LDS (40.0%) patients had an
aortic aneurysm. In these, the aortic bulb tended to be larger in MES than in LDS patients [42.6x41.9x41.2
vs. 37.8x37.4x36.8 mm; P=0.07 (-1.1; 9.1); P=0.07 (~1.2; 8.4); P=0.07 (~1.5; 7.9)]. BIA revealed mean body
fat levels of 31.6%+8.7% (range, 9.5-53.5%), indicating that 18 patients (52.9%) were obese. There was a
significant correlation between body fat content and thoracic aortic length (R=-0.377; P=0.02), muscle mass
and total aortic length (R=0.359; P=0.03), thoracic aortic length (R=0.399; P=0.02), extracellular mass (ECM),
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and total aortic length (R=0.354; P=0.04), and connective tissue and aortic diameters at the aortic arch
(R=0.511; P=0.002), aortic isthmus (R=0.565; P<0.001), and abdominal aorta (R=0.486; P=0.004). Older age
was correlated with wider aortic arch, isthmus, and abdominal aorta. Male patients had a longer aorta.

Conclusions: While a slender habitus is commonly known for MFS and LDS patients, our data show that
many MFS and LDS patients (especially female) do not fit this phenotypic characteristic and are obese, which
is associated with a more severe aortic phenotype. This topic should be included in the clinical assessment
of affected MFS and LDS patients, in addition to measurement of the aortic diameters. Physicians should
systematically screen MFS and LDS patients for obesity, educate them about the potential risk of resulting
aortic complications, and encourage them to adopt a healthy lifestyle, that includes (mild) exercise and a

balanced diet.
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Introduction

Aortic aneurysms and aortic dissection are often
atherosclerotic in origin. However, there is also a broad
variety of congenital cardiac anomalies or heritable
connective tissue disorders, including Marfan syndrome
(MFS) and Loeys-Dietz syndrome (LDS), that predispose
patients to weakening of the aortic layers, aortic aneurysm,
or aortic dissection or rupture (1,2). According to several
studies, the incidence of acute thoracic aortic dissection
is on the rise, increasing the burden on the healthcare
system (3-6). Existing studies described an incidence
increasing over the past decades from 2-3.5/100,000/year
to more than 6/100,000/year for a general cohort and up to
15/100,000/year in older individuals (7-12). However,
there are also a few contemporary data contradicting recent
perceptions of a rising incidence (13).

MFS and LDS are caused by molecular genetic
alterations of the FBNI gene in MFS or the TGFBRI
or TGFBR2 genes in LDS (14,15). In these diseases,
life expectancy is highly dependent on the development
of complications, especially aortic aneurysm or aortic
dissection.

In both MFS and LDS, the aortic root is the most
common site of aortic dissection (2). In MFS patients, the
aortic root diameter increases in 80% of cases at the sinus
of Valsalva, raising the risk of dissection or rupture (2,16)
and reducing the average survival to 40 years (2,17). In
LDS, aortopathy has an even more aggressive course and
the mean age at death has been described as 26 years in the
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natural course (18).

Due to the risk of aortic dissection or rupture, lifelong
medical surveillance is required, risk factors should be
identified at an early stage, and appropriate measures should
be initiated to prevent complications (1). This applies both
to untreated patients and to patients who have undergone
aneurysm repair or intervention (19).

The mechanisms that trigger aneurysm formation or
dissection are not well understood, but both genetic and
environmental risk factors contribute decisively to the
pathobiology of these devasting complications (20). As
predisposing factors, aortic features such as atrial tortuosity,
genetically determined genotype-phenotype correlations
as well as cardiovascular risk factors such as arterial
hypertension, hypercholesterolemia, diabetes mellitus
type 1I, smoking, and obesity have all been identified
(21-24). In MFS and LDS, however, the effect of obesity on
the development of aortic aneurysm or dissections is vastly
unknown (25).

The bioelectrical impedance analysis (BIA) is a non-
invasive exploratory method for assessing body composition.
A sinusoidal alternating current of 0.8 mA at a frequency
of 50 kHz is passed through the body of the subject in
supine position through four surface electrodes placed
at the body extremities. BIA measures the resistance (R),
reactance (Xc), in other word the impedance (Z), and the
phase angle (¢). The resistance (R) is defined as the pure
ohmic resistance of the electrolytes found in the total body
water, to which it is inversely proportional. The reactance
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Xc, on the other hand, is defined as the resistance created
by the cell membranes functioning as capacitors and thus
measures the body cell mass (BCM). Therefore, from
measured resistance, reactance, impedance, phase angle
and anthropometric data, i.e., body weight, height and sex,
it possible to calculate fat-free mass and fat mass through
prediction equations (26-28).

Thus, BIA allows an exact estimation of the fat
and muscle mass of the body and the intracellular and
extracellular water content inside and outside the cells
(29,30). According to the World Health Organization
(WHO), obesity is defined as body fat percentage cut-off
values of 25% in men and 35% in women were used (31).

The aim of the current study was to elucidate the
relationship between aortic size and body composition in
patients with MFS/LDS through assessment by modern
BIA, a more sophisticated method than traditional measures
such as body mass index (BMI) {body weight (kg)/[body
height (m)]’}, and to identify whether or not obesity can
serve as a risk marker for potential aortic complications.
We present the following article in accordance with the
STROBE reporting checklist (available at https://cdt.
amegroups.com/article/view/10.21037/cdt-22-383/rc).

Methods

This joint project of the Department of Cardiac Surgery
(Friedrich-Alexander-University Erlangen-Nirnberg,
Erlangen, Germany) and the Department for Congenital
Heart Disease and Pediatric Cardiology (German Heart
Center Munich, Technical University Munich, Munich,
Germany) included 51 patients with MFS or LDS. All
patients in this explorative, cross-sectional cohort were
admitted between June 2020 and May 2022.

MEFS or LDS diagnosis was confirmed clinically and/
or molecular-genetically by an experienced MFS/LDS
specialist. All patients with a confirmed diagnosis of MFS
or LDS, who had at least one magnetic resonance imaging
(MRI) or computed tomography (CT) scan as part of
routine clinical care, and an age >17 years were eligible
for inclusion in this study. Included patients were enrolled
in the order of presentation at both institutions. Patient
inclusion process and classification is described according
to the flow diagram in Figure 1. No prior selection for
inclusion was performed. Excluded from participation were
patients who (I) had implanted cardiac devices [pacemakers
or “automatic implantable cardioverter defibrillators
(AICD)”]; (II) were pregnant; (III) were cognitively unable
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to consent to research; (IV) refused consent; or (V) had not
received a CT or MRI of their entire aorta.

Patient demographics and clinically relevant data
were collected by reviewing patient’s medical records.
An appropriate form including clinical diagnosis,
anthropometric data and clinical parameters (age, sex,
weight, height, BMI, molecular genetic test results,
medication and operative history) was completed.

Imaging processing and aortic measurements

Aortic measurements were performed using MRI or CT
scan of patients as part of routine clinical care. Imaging
was performed using a 1.5 T scanner (Magnetom Avanto;
Siemens Healthineers, Erlangen, Germany) and a third-
generation dual-source computed tomography angiograph
(Siemens CT Somatom X.ceed, Siemens Healthineers,
Forchheim, Germany). All imaging processing was
analyzed using SYNGO.VIA software (Syngo.via, Version
VB20A, Siemens Healthcare GmbH, Erlangen, Germany).
Measurements of the aortic diameter were performed
following the practical guide from van Hout ez al. (32). By
using the “MM Reading” application in Syngo.via, in a
first series, for the thoracic aortic anatomy, markers were
manually positioned in the axial view, ensuring accurate
coverage until a random point distal to the celiac trunk.
A reconstruction of the aorta with central line was then
generated throughout the length of the aorta (Figure 2A).
Thereafter, the length was measured by manually placing
markers at the aortic bulb and at the branching of the
celiac trunk. In a second series, for the abdominal aortic
anatomy, a similar measurement was performed, with the
markers placed at the branching of the celiac trunk and at
the aortic bifurcation (Figure 2B). In the CT scan, the aorta
was scanned in its entirety. Thus, using the “MM Reading”
application, the markers were placed manually and the
aorta was directly measured from the bulb to the aortic
bifurcation (Figure 2C).

Definitions

The aortic length was estimated from the aortic bulb
(sinus of Valsalva) to the aortic bifurcation. Besides length,
diameters of the aorta at various locations were measured
in an edge-to-edge manner at the following seven different
levels: aortic bulb (sinus of Valsalva), sinotubular junction,
ascending aorta, aortic arch, aortic isthmus, aorta at
diaphragmatic level, and abdominal aorta. The term “aortic
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Figure 1 Flow diagram of study population inclusion and classification. *, Some patients were operated/intervened more than once. MFS,

Marfan syndrome; LDS, Loeys-Dietz syndrome; MRI, magnetic resonance imaging; CT, computed tomography.

Length: 317.4 mm Length: 154.9 mm Length: 711.4 mm

Figure 2 Reconstruction of (A) the thoracic aorta and (B) the abdominal aorta by means of “central line” for the measurement of its
length by MRI. (C) Reconstruction of the entire aorta by means of “central line” for the measurement of its length by CT. MRI, magnetic
resonance imaging; CT, computed tomography.
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Table 1 Patient-related data and BIA-specific parameters as they
were evaluated in the study

Patient-related parameters
Age (year)
Sex
Weight (kg)
Height (cm)
Body mass index (kg/m?)
Molecular-genetically confirmed finding
Comorbidities
Medication
Aortic involvement (+/-)
Aortic root diameter (cm)
Disease progression/course
Aortic dissection
Operative aortic or aortic valve replacement
BIA-specific parameters
Basal metabolic rate
Body Water
Lean body mass (fat-free mass = BCM + ECM)
Extracellular mass (interstitium, bone, connective tissue)
Body cell mass (muscle and organ cell mass)
ECM/BCM-index
Cell-percentage (BCM proportion in lean mass)
Body fat (in kg and %)

Phase angle ¢ (quality of lean mass)

BIA, bioelectrical impedance analysis; BCM, body cell mass;
ECM, extracellular mass.

aneurysm” was chosen for any aortic enlargement measured
at a maximum diameter >4.0 cm or for history of aortic
dissection or elective aortic repair (33,34).

Bioimpedance analysis of body composition

The multifrequency impedance analyzer “Nutriguard
MS?”, Data Input GmbH, Pécking, Germany was used for
BIA (Tible 1). The “Nutriguard MS” is a validated tool for
the assessment of body composition (27). A single BIA of
15 seconds duration was performed per patient, and the
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obtained results were recorded electronically. Via four body
surface electrodes, two on the dorsum of the hand and two
on the dorsum of the foot, a sinusoidal alternating current
of 0.8 mA at a frequency of 50 kHz was transmitted. Basal
metabolic rate, body water, extracellular mass (ECM; a
measure of interstitium, bone, and connective tissue),
body cell mass (BCM; a measure of muscle and organ
cell mass), lean body mass (BCM + ECM; a measure of
fat-free body mass), ECM/BCM index, cell-percentage
(proportion of BCM in lean mass), body fat (in kg and %),
and the phase angle ¢ (quality of lean mass) were estimated.
Information about BIA in the normal population as well as
in MFS- or LDS-patients were recently published (26). For
classification of obesity, the WHO body fat percentage cut-
off values of 25% in men and 35% in women were used (31).

Ethics approval and consent to participate

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013) and the Good
Clinical Practice guidelines. The institutional ethic review
boards of the Friedrich-Alexander-University Erlangen-
Niirnberg (Reference No. 179_21 Bc) and of the Technical
University Munich (Reference No. 158/19S) approved
the study protocol. Written informed consent, as well as
an agreement to an anonymous publication of patient’s
data was provided to all participants. Guidelines on good
pharmacoepidemiology practice and data protection
guidelines were followed.

Statistical analysis

All pseudonymized statistical evaluations of the data were
performed using SPSS 28.0 (IBM Inc., Armonk, NY, USA).
The study population was characterized using descriptive
statistical methods. 7, Mann-Whitney and x’ tests were
used to evaluate differences between groups. Associations
between metric variables were assessed using Spearman
Rank Correlation. Continuous data and categorical/
interval-scaled variables were expressed as mean = standard
deviation or as absolute numbers/percentages, respectively.
The 95% confidence interval of difference is displayed as
(lower-; upper-bound). All occurring P values and tests for
significance were performed two-sided. A P value <0.05
was considered significant. Given that the disease entities
in this study are rare diseases with high variability, a P value
between P=0.05 and <0.1 was considered as a trend.
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Parameter Overall (N=34)

MFS (n=27)

LDS (n=7) P value (95% Cl)

Age (years) 37.8+12.6 (range, 18-68)

Female, n (%) 22 (64.7)

Height (cm) 182.2+10.2 (range, 160-203)
Weight (kg) 77.2+18.2 (range, 54-145)
BSA (m?) 1.97+0.22 (range, 1.55-2.63)
Molecular-genetically 30

confirmed

Dissections, n (%) 4(11.8)

Aortic operations in 14* (41.2)

12 patients, n (%)

Aortic stenting, n (%) 2(5.9)

36.7+11.5 (range, 18-58)
18 (66.7)
183.6+10.1 (range, 160-203)
77.8+19.3 (range, 54-145)
1.99+0.23 (range, 1.55-2.63)

42.4+16.7 (range, 18-68) 0.29 (-16.6; 5.1)

4 (57.1) 0.63 (-0.3; 0.5)
176.7+8.8 (range, 165-188) 0.1 (-1.6; 15.4)
74.9+14.1 (range, 63-101)  0.70 (-12.9; 18.8)

1.91+0.18 (range, 1.75-2.27)  0.39 (-0.11; 0.28)

23 7 0.27 (-0.4; 0.1)
3(11.1) 1(14.3) 0.81 (-0.3; 0.2)

11 (40.7) 3 (42.9) 0.52 (-0.2; 0.5)
2(7.4) 0(0)

*, multiple operations per patient possible. N/n, absolute number; MFS, Marfan syndrome; LDS, Loeys-Dietz syndrome; Cl, confidence

interval; BSA, body surface area.

Results
Study sample, patient characteristics and demographic data

In this project, a total of 51 patients with MFS or LDS (66%
female; mean age: 37.7+11.7; range, 17-68 years) were
included. Out of these, 34 patients (MFS: n=27; LDS: n=7)
had a complete MRI or CT scan of the entire aorta. The
mean age of these 34 patients was 37.8+12.6 years, ranging
from 18 to 68 years. As for the sex distribution, 22 patients
(64.7%) were female. The mean height of the patients was
182.2+10.2 cm (range, 160-203 cm), and the mean weight
was 77.2+18.2 kg (range, 54-145 kg). The mean body
surface area was 1.970.22 m’ (range, 1.55-2.63 m’).

A total of 12 patients underwent one or multiple aortic
operations (n=14) and/or interventional aortic treatment
(n=2), either prophylactically or after aortic dissection. In
MES and LDS patients, surgery on the ascending aorta and/
or aortic stent implantation was performed in 40.7% (n=11)
and 42.9% (n=3), respectively. Overall, four patients (11.8%)
had developed aortic dissection, of which three (8.8%) had
MEFS, although these differences did not reach statistical
significance. The demographic data and type of intervention
in MFS and LDS patients are summarized in Tzble 2.

Assessment of body composition—BIA measurements

Clinically, the included MES and LDS patients appeared
asthenic by virtue of their body size and slender/long
extremities. However, in this cohort of MFS/LDS patients,
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the percentage of body fat determined by BIA was
31.6%=8.7% (range, 9.5-53.5%). Patients with MFS tended
to have more fat (32.8%+8.2%) than patients with LDS
[27.1%+9.7%; (~1.6; 13.1); P=0.12]. According to BIA with
fat percentage cut-off values of 25% in men and 35% in
women, 52.9% (n=18) of the overall study population were
obese. Of the obese patients, 72.2% (n=13) were female.

As for the connective tissue content, the mean for the
entire cohort was 26.6+4.6 kg. LDS patients had a not
statistically significant higher amount of connective tissue
(28.1£5.4 kg) than MFS patients [26.2+4.4 kg; (-5.9; 2.0);
P=0.16].

The relationship between ECM and BCM in the overall
study population was clearly shifted toward ECM. Indeed,
the ECM/BCM indices were 1.069, 1.062, and 1.097 for the
overall population, MES patients only, and LDS patients
only, respectively. Regarding the remaining BIA parameters,
there was no significant difference between MFS and LDS
patients (Table 3).

Measurements of aortic length and diameter

The mean aortic length for the entire cohort was
503.7+58.7 mm. The mean thoracic aortic length and
the mean abdominal aortic length were 351.5+52.4 and
152.2+27.4 mm, respectively (Tuble 4).

Comparing all MFS and LDS patients (n=34), in LDS
patients, the entire aorta (512.6+55.0 mm) and the thoracic
aorta (363.2+54.3 mm) was not significantly longer than in
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Table 3 BIA parameters for MFS and LDS patients
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Parameter Overall (N=34) MFS (n=27) LDS (n=7) P value (95% Cl)
Body fat (kg) 25.1+12.3 26.3+13.0 20.3+8.3 0.27 (-4.5; 16.5)
Body fat (%) 31.6+8.7 32.8+8.2 27.1+9.7 0.12 (-1.6; 13.1)
<25% (M); <35% (F) 16 (7:9) 12 (5:7) 4(2:2) 0.42 (-0.3; 0.5)
>25% (M); >35% (F) 18 (56:13) 15 (4:11) 3(1:2) 0.42 (-0.3; 0.5)
ECM (kg) 26.6+4.6 26.2+4.4 28.1+5.4 0.16 (-5.9; 2.0)
BCM (kg) 25.6+6.4 25.3+6.4 26.4+7.1 0.69 (-6.7; 4.5)
ECM/BCM index 1.069+0.16 1.062+0.15 1.097+0.19 0.61 (-0.1; 0.1)
Percent cellularity 48.6+3.8 48.7+3.7 48.1+4.5 0.67 (-2.6; 4.0)
Total body water (1) 38.0+7.6 37.7+7.5 39.2+8.5 0.65 (-8.1; 5.2)
Lean body mass (kg) 52.1+10.5 51.5+10.2 54.5+11.8 0.50 (-12.1; 6.0)
Phase angle (°) 5.4+0.7 5.4+0.7 5.3+0.8 0.71 (-0.5; 0.7)

BIA, bioelectrical impedance analysis; N/n, absolute number; MFS, Marfan syndrome; LDS, Loeys-Dietz syndrome; Cl, confidence interval;
ECM, extracellular mass (interstitium, bone, connective tissue); BCM, body cell mass (muscle and organ cell mass).

Table 4 Measurements of aortic diameters and length of aorta

Measurements Overall (N=34) MFS (n=27) LDS (n=7) 95% CI P value
Total length of aorta, mm 503.7+58.7 501.4+60.4 512.6+55.0 (-60.0; 40.8) 0.65
(range, 378.1-711.9) (range, 378.1-711.9) (range, 450.7-622.7)
Length thoracic aorta 351.5+52.4 348.5+52.5 363.2+54.3 (-101.0; 44.0) 0.51
(bulbus to celiac trunk), mm (range, 251.8-552.3) (range, 251.8-552.3) (range, 319-476.2)
Length abdominal aorta (celiac 152.2+27.4 152.9+29.1 149.4+21.3 (-23.7; 29.2) 0.76
trunk to aortic bifurcation), mm  (range, 109.5-236.7) (range, 109.5-236.7) (range, 124-184.1)
Aortic root 1 39.8+6.7 (range, 27-54) 40.2+7.1 (range, 27-54)  38.1+4.8 (range, 32-44) (-3.5; 8.1) 0.47
Aortic root 2 39.3+6.5 (range, 27-51) 39.7+6.9 (range, 27-51)  37.9+4.2 (range, 32-43) (-3.5;7.7) 0.50
Aortic root 3 38.8+6.6 (range, 23-52) 39.0+7.2 (range, 23-52)  38.0+4.3 (range, 31-44) (-3.7;7.3) 0.72
Sinutubular junction 1 32.0+4.9 (range, 22-47) 32.0+4.6 (range, 22-47)  31.9+6.3 (range, 23-42)  (-4.1;5.1) 0.94
Sinutubular junction 2 31.9+4.8 (range, 21-45) 31.9+4.6 (range, 21-45)  31.9+6.0 (range, 23-42) (-4.4; 4.8) 0.98
Ascendens 1 29.3+5.1 (range, 21-48) 29.0+4.0 (range, 21-41)  30.6+8.4 (range, 28-48) (-6.1;2.9) 0.64
Ascendens 2 28.8+5.1 (range, 20-49) 28.3+3.7 (range, 20-36)  30.6+8.8 (range, 22-49) (-6.8; 2.0) 0.53
Aortic arch 1 25.3+7.0 (range, 17-55) 24.9+7.2 (range, 17-55)  26.9+6.6 (range, 21-41)  (-8.0; 4.1) 0.52
Aortic arch 2 24.5+5.8 (range, 16-43)  23.7+5.2 (range, 16-38.6) 27.4+7.4 (range, 20-43) (-8.6; 1.1) 0.13
Aortic isthmus 1 24.7+9.4 (range, 17-73) 24.5+10.2 (range, 17-73.2) 25.7+5.7 (range, 19-35) (-9.7;7.0) 0.76
Aortic isthmus 2 23.6+6.1 (range, 15-50) 22.9+6.1 (range, 15-49.5) 26.1+6.3 (range, 18-36) (-8.6; 1.9) 0.22
At level of diaphragm 1 20.6+4.5 (range, 15-34) 20.3+4.4 (range, 16-34)  21.6+5.1 (range, 15-30) (-4.7; 3.5) 0.51
At level of diaphragm 2 20.4+7.7 (range, 14-58) 20.3+8.2 (range, 15-58)  20.7+5.9 (range, 14-29) (-6.4; 8.2) 0.91
Abdominal aorta 1 22.0+8.9 (range, 14-64) 21.9+9.7 (range, 14-64) 22.1+5.0 (range, 16-29) (-7.9;7.5) 0.95
Abdominal aorta 2 21.4+7.2 (range, 13-53) 21.1+7.6 (range, 13-53)  22.6+5.7 (range, 16-32) (-7.7; 4.8) 0.64

Aortic root 1, 2 and 3 refer to the aortic bulb. MFS, Marfan syndrome; LDS, Loeys-Dietz syndrome; Cl, confidence interval.
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Table 5 Measurements of length of aorta in obese and non-obese population

Variables Total length of aorta

Length thoracic aorta
(bulbus to celiac trunk)

Length abdominal aorta
(celiac trunk to aortic bifurcation)

Entire population
Overall (n=34) 503.7+58.7 (range, 378.1-711.9)
Obese (n=18) 494.8+50.3 (range, 378.1-594.8)
Non-obese (n=16) 513.7+67.1 (range, 439.5-711.9)
P value (95% Cl) 0.35 (—22.4; 59.0)
Non-surgically treated patients
Overall (n=22) 500.5+38.3 (range, 439.5-594.8)
Obese (n=10)
Non-obese (n=12) 489.1+28.0 (range, 439.5-532.3)

P value (95% CI) 0.13 (-56.6; 24.9)

351.5+52.4 (range, 251.8-552.3)
335.5+33.6 (range, 251.8-384.6)
369.6+64.0 (range, 310-552.3)

347.9+25.7 (range, 310-405.2)
514.2+45.7 (range, 450.7-594.8) 348.6+24.5 (range, 311.8-384.6)
347.4+27.7 (range, 310-405.2)

152.2+27.4 (range, 109.5-236.7)
159.3+31.5 (range, 119.2-236.7)
144.1+£19.9 (range, 109.5-193.3)
0.05 (0.3; 108.8) 0.10 (-36.3; 3.5)

152.6+31.3 (range, 109.5-236.7)
165.6+37.3 (range, 119.2-236.7)
141.7+21.2 (range, 109.5-193.3)

0.91 (-30.8; 79.0) 0.07 (-56.0; 0.1)

MEFS patients [entire aorta: 501.4£60.4 mm and thoracic
aorta: 348.5+52.5 mm; (-60.0; 40.8); P=0.65 and (~101.0;
44.0); P=0.51], while in MFS patients, the abdominal aorta
was longer [152.9£29.1 vs. 149.4+21.3 mm for LDS; (-23.7;
29.2); P=0.76]. At the same time, MFS patients were on
average (about 7 cm) taller than the LDS patients (Table 4).

When subdividing the entire study population (n=34)
into non-obese (n=16) and obese (n=18) according to
BIA, in the non-obese patients, the entire aorta tended
[513.7267.1 vs. 494.8+50.3 mmy; (~22.4; 59.0); P=0.35] and
the thoracic aorta [369.6+64.0 vs. 335.5+33.6; (0.3; 108.8);
P=0.05 ] was significantly longer, while in obese patients
the abdominal aorta tended to be longer [159.3+31.5 vs.
144.1£19.9 mm; (=36.3; 3.5); P=0.10] (Table 5).

Considering only non-surgically treated patients (n=22),
the mean aortic length was measured at 500.5£38.3 mm.
The mean thoracic aortic length and the mean abdominal
aortic length were 347.9+25.7 and 152.6+31.3 mm,
respectively (1able 5).

When the non-surgically treated patients were
subdivided into obese (n=10) and non-obese (n=12), the
entire aorta tended [514.2+45.7 vs. 489.1+28.0; (-56.6; 24.9);
P=0.13] and the thoracic aorta [348.6+24.5 vs. 347.4+27.7,
(-30.8; 79.0); P=0.91] were, but not statistically significantly
longer in the non-obese patients, whereas the abdominal
aorta tended to be longer in the obese patients [165.6+37.3
vs. 141.7 £21.2 mm; (-56.0; 0.1); P=0.07] (Figure 3, lable 5).

Aortic diameters

By analyzing only the non-surgically treated patients (n=22),

© Cardiovascular Diagnosis and Therapy. All rights reserved.

which comprised 77.3% (n=17) of the patients, 15 MFS
patients (88.2%) and 2 LDS patients (40.0%) had an aortic
aneurysm according to the definition given above. In this
non-surgically treated cohort, the diameters of the aortic
bulb, measured at three locations, tended to be larger in
MFS than in LDS patients [42.6+5.0, 41.9£4.9, 41.2+4.6
vs. 37.8+5.1, 37.4+4.2, 36.8+4.1 mm; (-1.1; 9.1); P=0.07,
(-1.2; 8.4); P=0.07, (-1.5; 7.9); P=0.07, respectively].

Furthermore, the maximal aortic bulb diameter in the
non-surgically treated MFS patients (42.3+5.1 mm) tended
to be longer than in the non-surgically treated LDS patients
[38.8+4.7 mm; (-1.9; 8.3); P=0.09].

Correlations

The body fat content measured by BIA correlated negatively
with the thoracic aortic length [R=-0.377; (-0.7; -0.3);
P=0.02]. This suggests that the more obese the patient, the
shorter his or her thoracic aorta. Similarly, BCM (muscle
mass) correlated positively with the total aortic length
[R=0.359; (0.1; 0.8); P=0.03] as well as with the thoracic
aortic length [R=0.399; (0.2; 0.8); P=0.02]. In addition, ECM
(connective tissue) correlated positively with aortic diameters
measured at the aortic arch [R=0.511; (0.2; 0.7); P=0.002],
aortic isthmus [R=0.565; (0.3; 0.7); P<0.001], and the
abdominal aorta [R=0.486; (0.2; 0.7); P=0.004]. Moreover,
ECM also correlated positively with the total aortic length
[R=0.354; (0.2; 0.8); P=0.04]. Thus, the more connective
tissue a patient had, the longer his or her aorta was.

No significant correlation was found between age and
aortic length or aortic bulb diameter. However, age did
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Figure 3 Reference points for aortic measurements.

correlate positively with the diameters of aortic arch 1
and 2 [R=0.471; (0.1; 0.7); P=0.02 and R=0.630; (0.3; 0.9);
P=0.002], isthmus 1 and 2 [R=0.591; (0.1; 0.7); P=0.004
and R=0.626; (0.2; 0.8); P=0.002], and abdominal aorta 1
and 2 [R=0.510; (0.1; 0.6); P=0.01 and R=0.720; (0.2; 0.8);
P<0.001]. Thus, the older the patients were, the wider the
diameters of their aortas in several locations. Further, sex
had a significant effect on imaging parameters [(-0.7; -0.1);
P=0.02], with female patients having a shorter aorta.
Considering only the non-surgically treated patients, a
positive correlation was found between bulb diameter and
the total aortic length [R=0.672; (0.1; 0.9); P=0.001], as well
as the abdominal aortic length [R=0.445; (0.2; 1.2); P=0.04].

Assessment of aortic surgery history

By as for the aortic surgical history of the study population,
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out of the 34 patients, 12 (35.3%; 66.7% female) had
previously undergone aortic (redo-)surgery (n=11) and/
or interventional treatment (n=2) as part of prophylactic
treatment or treatment of aortic complications.

Out of these patients, 66.7% (n=8) were classified as
obese by BIA after surgery.

Of the patients who had already been operated on at the
time of the current study, only the preoperative body weight
and BMI were considered, so that the possibility of a high
BIA based on postoperative weight gain would be excluded
(Table 6).

Discussion

In patients with MFS or LDS, aortic aneurysms and
dissections have a tremendous negative effect on life
expectancy. To the best of our knowledge, the present
study is the first to determine an association between the
presence of obesity and aortic diameters at different levels
or aortic length, in patients with MFS or LDS. In contrast
to previous reports, the present study used BIA, a more
sophisticated measurement than traditional measures such
as BMI, to diagnose obesity, and MRI- or CT-scans to
assess aortic size.

In general, mechanisms that trigger aortic aneurysm
formation or dissection are not well understood and
remain to be completely elucidated (35). Both genetic and
environmental risk factors contribute decisively to the
pathobiology of these devastating complications by inducing
aortic wall stress, inflammation, proteolytic degradation,
and/or autoimmune reactions in the aortic wall (20).

Predisposing factors include arterial hypertension,
hypercholesterolemia, diabetes mellitus type II, and
smoking (21,22). In addition, obesity has been recognized
as a major cardiovascular risk factor for the development
of aortic aneurysms. However, like many other features
in the development of aneurysms, this risk factor remains
poorly understood and understudied (35,36). Central
obesity is for the general public an inaccurate surrogate
measure for visceral fat, which is associated with a high
risk of cardiovascular complications (37,38). Adipose tissue
can cause chronic inflammation by secreting inflammatory
cytokines, called adipocytokines, as well as proinflammatory
cytokines such as interleukin (IL)-6, IL-8, and monocyte
chemoattractant protein-1 (MCP-1), which trigger the
production of reactive oxygen species and oxidative stress,
exacerbating vascular inflammation (35-37). It has been
suggested that chronic inflammation of this type is involved
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in the development of aortic aneurysms (39). In fact, local
inflammation caused by the perivascular fat contributes
to endothelial dysfunction, atherosclerosis, alteration
of adiponectin levels, and metabolic syndrome. With
the exception of atherosclerosis, all of these conditions
may contribute to the development of aortic aneurysm,
particularly in the abdominal aorta (35-37). Moreover, it has
been known for some time that obese patients do indeed
have a higher risk of acute aortic dissection compared with
healthy people (35,40). This has also been reported in the
context of inflammatory processes in adipose tissue (41,42).

Stackelberg er al. (43) found, in a study of a Swedish
population of 63,655 men and women, aged 46-84 years,
that the risk of abdominal aortic aneurysm was 30% higher in
individuals with increased waist circumference compared with
people with normal-size waist. In their study, there was no
association between BMI and risk of abdominal aortic aneurysm.
In a sample of 12,000 men, Golledge et al. (44) demonstrated
a positive correlation between central obesity, as assessed
by anthropometric measurements, and abdominal aortic
aneurysm. Iribarren et 4/. [2007] assessed a population of
104,813 male and female multiethnic subjects, and found
no association between sagittal abdominal diameter and
incidence of abdominal aortic aneurysm (45).

In the recently published prospective Japan Collaborative
Cohort Study, including 103,972 Japanese men and
women aged 40-79 years, a positive association was seen
between BMI and mortality from thoracic aortic aneurysm,
abdominal aortic aneurysm, and total aortic disease, but
only among men, not among women (19). No association
was seen for aortic dissection (19).

Additional recent studies from international databases
indicate a temporal trend in BMI. Indeed, this trend
was inversely associated with a temporal trend in age-
standardized mortality from thoracic aortic aneurysms and
abdominal aortic aneurysms (46). In another prospective
study from the UK Biobank, involving 335,308 men and
women aged 37 to 73 years, no association between BMI
and mortality from aortic aneurysm was found (47).

Many of the resulting assumptions from these studies
and databases about the effect of obesity and the association
between obesity and development of aortic aneurysm
are conflicting. While some studies observed a positive
association between obesity and pathogenesis and prognosis
of aortic aneurysm, others did not (37,48,49). These
discrepancies regarding the association between obesity and
development of aortic aneurysm may result from different
study populations, methodologies, and study design.

© Cardiovascular Diagnosis and Therapy. All rights reserved.
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Notably, various measurement methods (e.g., BMI, waist
circumference, waist-to-hip ratio, or sagittal abdominal
diameter) were used for the assessment of obesity (44,50).

In MFS and LDS, the development of aortic aneurysms
and aortic dissections are common complications. This is
also reflected in the patient cohort under consideration.
From the clinical view, 12 of the 34 patients with MFS or
LDS in the current study had already undergone aortic
surgery or intervention for aortic aneurysm and resulting
complications. Indeed, four of these patients had even
developed aortic dissection.

In MFS and LDS, the development of aneurysms and
aortic dissections is pathoanatomically based on the so called
“cystic media necrosis” of the aortic wall, characterized
by an accumulation of basophilic ground substance in
the media and degenerative changes in collagen, elastin,
and vascular smooth muscle cells (51). However, it
remains largely unclear whether, in patients with MFS or
LDS, obesity is associated with or can contribute to the
development of aortic aneurysm or aortic dissection.

It is widely overlooked that Yetman and McCrindle (21)
demonstrated for the first time a high prevalence of obesity
in MFS patients. In their early study, the authors classified
11 out of 50 MFS patients (22%) as obese, and 36% (n=18)
as overweight or obese according to BMI. They concluded
that obesity is common and potentially associated with
an increased risk of aortic complications in adult MFS.
However, this assumption has not been pursued further.

For reliable assessment of body composition, BMI
may only be of limited value in MFS and LDS patients,
and therefore the incidence of obesity may have been
underestimated. By using BIA for the assessment of body
composition, our group has recently expanded on the
views of Yetman and McCrindle and was able to reveal
that obesity is even more widespread in the MFS/LDS
population than previously thought (26).

Based on these data, the question emerged of whether
an association between obesity, hidden obesity, and
aortic diameters existed in MFS or LDS patients, along
with the possible influence of obesity on aortic size and
histopathological alterations of the aortic wall.

In the current study, BIA-assisted body composition
analysis revealed an unexpectedly high body fat content in
the 34 included patients with MFS or LDS. While in the
normal population, the body fat percentage is less than 25%
in women and less than 20% in men, it was 31.6%+8.7%
in the whole cohort studied, with Marfan patients more
affected than LDS patients.
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According to BIA, 52.9% (n=18) of the included patients
were obese. Within this same population, obesity was
more common in women than in men (72.2%), and the fat
content in the female population was significantly higher
when compared with the male population.

The proportion of connective tissue was slightly, but
not statistically significantly, higher in LDS patients
(28.1%+5.4%) than in MFS patients (26.2%+4.4%), and
the ECM/BCM index, which characterizes the ratio of
connective tissue to musculature (MFS: 1.062; LDS 1.097),
prevailed.

On the one hand, these results confirm the data of
Yetman and McCrindle (21), regarding the existence of
obesity in MFS. On the other hand, the present study shows
that this proportion is probably even higher than originally
thought. This may be explained by the use of different
screening methods for the detection of body fat. Today,
modern BIA, as used in the current study, certainly allows
a more accurate assessment of obesity than the previously
chosen anthropometric methods.

So far, none of the published studies used BIA to assess
body composition, particularly body fat, in patients with
MES or LDS, as we did. In the present study, we therefore
also tried to clarify whether there is a correlation between
aortic diameters at different aortic levels or aortic length in
MEFS or LDS patients.

Considering the aortic length in the entire collective
(n=34), measured as the total length of the aorta from
the bulb to the bifurcation, as well as the length of the
thoracic aorta and abdominal aorta, it is noticeable that the
total aorta tended to be and the thoracic aorta was longer
in the LDS patients than in the Marfan patients. This is
noteworthy because, on average, the MFS patients were
larger in body mass than the LDS patients.

When these patients were analyzed with respect to
obesity, it is notable that the abdominal aorta tended to
be longer in obese patients than in non-obese patients. In
contrast, the total aorta and thoracic aorta tended to be
longer in non-obese patients.

Because it must be assumed that the length of the
measured aortic segments would have been affected by
surgical intervention involving the insertion of synthetic
material, the non-surgically treated patients were evaluated
separately. In this collective, the total aorta and abdominal
aorta were longer in MFS patients than in LDS patients.
The distinction between obese and non-obese patients in
this collective confirms the previously described finding
that the abdominal aorta was longer in obese patients than
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in non-obese patients, and the total aorta and thoracic aorta
were longer in non-obese patients. However, these findings
did not reach statistical significance.

Ultimately, it remains speculative whether the measured
differences in abdominal aortic length are causally related
to demonstrated obesity.

When the aortic bulb of the 22 non-surgically treated
patients was measured, aortic ectasia or aneurysm was
found in 17 patients (77.3%), depending on the definition
chosen. This affected 15 (88%) of the Marfan and 2 (40%)
of the LDS patients. Whose mean absolute bulb diameter
tended to be larger in MFS (42x42x41 mm) than in LDS
(38x37x37 mm).

In contrast, significant correlations were found
between body fat content, as measured by BIA, and aortic
measurements. Body fat content correlated negatively with
thoracic aortic length. Further, muscle mass (as measured
by BCM) correlated positively with total and thoracic aortic
length. This suggests that the more obese the patient, the
shorter the thoracic aorta.

Another significant correlation existed between
connective tissue (as measured by ECM) and the diameter
of the aortic arch, aortic isthmus, and abdominal aorta. In
addition, ECM correlated positively with total aortic length.
That is, the more connective tissue a patient had, the longer
his or her aorta was.

Another significant correlation was found between age
and the diameters of: aortic arches 1 and 2, aortic isthmus 1
and 2, and abdominal aorta 1 and 2. Thus, it can be argued
that the older the patients, the larger these diameters. In
addition, sex had a significant effect on imaging parameters,
with male patients having a longer aorta.

Considering only the non-surgically treated patients, a
positive correlation was found between the diameter of the
aortic bulb and the total length of the aorta as well as the
length of the abdominal aorta.

Limitations

There were several strengths and limitations to our work.
The present study is the first to examine the association
between aortic dimensions and obesity in MFS and LDS
patients using modern technologies for the assessment of
body composition (namely, BIA). Several CT- or MRI-
based measurements of the aortic diameter and length of
the aorta were taken at distinct locations along the aorta
corresponding to standardized anatomical positions. The
location of these points was chosen to allow controls to
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be performed during the long-term course of the study.
Most differences in measured parameters indicated a trend,
and these differences did not reach the level of statistical
significance. This may be related to the small number of
cases, among other factors.

However, some limitations must be considered when
interpreting the current results.

This study is cross-sectional in design and does not
examine changes over time. The current study is not
powered to enable a conclusive assessment to be made of a
potential interaction between obesity and aortic risk in MFS
and LDS patients. The question remains whether obesity
influences the outcome after surgical or interventional
procedures. A subsequent cohort study, following more
patients over a longer period, could help to clarify how
aortic diseases and obesity interact.

The sample of patients seen at tertiary care centers does
not represent the typical population of patients with MES
or LDS seen by general practitioners, internists, and general
cardiologists. The prevalence of more severe forms of MFS
or LDS in tertiary care centers is likely to be higher than
either in community-based hospitals or even in departments
of cardiology. Lastly, as the presented data derived from a
national study, generalization of the conclusions is debatable
when involving patients from different cultures or living
different parts of the world.

Conclusions

In conclusion, many patients with MFS or LDS are
not slender, but obese, which can be more accurately
assessed using BIA rather than the normal anthropometric
parameters. In the non-surgically treated cohort, all
measured aortic bulb diameters tended to be larger in
MEFS than in LDS patients. Obesity was not significantly
correlated with aortic diameter, but when comparing non-
obese and obese patients, the thoracic aorta was significantly
longer in non-obese patients, whereas the abdominal aorta
was longer in obese patients. As obesity is associated with
impaired vascular endothelial function and an increased
risk of aortic complications, it may be useful to consider
this topic in the clinical counseling of affected patients, in
addition to the topic of aortic diameters. Especially since
most operated patients were obese and female, it may
suggest that obesity could play a role here, as women in
general more protected against aortic events in MFS and
related diseases. Physicians should systematically screen
their MFS and LDS patients for obesity and educate them
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about the potential risk of aortic complications due to
obesity that they face. Patients at risk should be encouraged
to engage in preventive health care, which includes
preventing and reducing adiposity. Moreover, in order to
overcome potential bias, measurements of aortic diameter,
performed by a single investigator, were supervised by
experience imaging specialists.
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