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Obesity-related metabolic disorders such as hypertension, hyperlipidemia and
chronic inflammation have been associated with aortic dilatation and resulting
in aortic aneurysms in many cases. Whether weight loss may reduce the risk of
aortic dilatation is not clear. In this study, the diameter of the descending thoracic
aorta, infrarenal abdominal aorta and aortic bifurcation of 144 overweight or obese
non-smoking adults were measured by MR-imaging, at baseline, and 12 and
50 weeks after weight loss by calorie restriction. Changes in aortic diameter,
anthropometric measures and body composition and metabolic markers were
evaluated using linear mixed models. The association of the aortic diameters with
the aforementioned clinical parameters was analyzed using Spearman's
correlation. Weight loss was associated with a reduction in the thoracic and
abdominal aortic diameters 12 weeks after weight loss (predicted relative
differences for Quartile 4: 2.5% + 0.5 and -2.2% + 0.8, p < 0.031; respectively).
Furthermore, there was a nominal reduction in aortic diameters during the 50-
weeks follow-up period. Aortic diameters were positively associated with weight,
visceral adipose tissue, glucose, HbAlc and with both systolic and diastolic blood
pressure. Weight loss induced by calorie restriction may reduce aortic diameters.
Future studies are needed to investigate, whether the reduction of aortic diameters
via calorie restriction may help to prevent aortic aneurysms.
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Introduction

The prevalence of obesity is increasing worldwide and has
tripled since 1975 (World Health Organisation (WHO), 2021).
Sequelae of obesity are an increased risk for the metabolic
syndrome (Engin, 2017), cardiovascular diseases (Alpert et al.,
2016), and several cancer types (Avgerinos et al., 2019). Thus,
obesity causes worldwide high costs in the economy and health
care systems and therefore it is a crucial interest of public health
to prevent obesity and its complications (Tremmel et al., 2017;
Hamilton et al., 2018; De Lorenzo et al., 2020).

Aortic aneurysm, which is defined as a dilatation of the
aorta to greater than 1.5 times normal size, has a relevant
global death rate of 2.8 per 100,000 population in 2010, which
is further increasing according to the global burden of disease
study in comparison to 1990 (2.5) (Sampson et al., 2014). For
the development of an aortic aneurysm several risk factors are
described in literature: smoking, family history, age, male
gender, hypertension, cardiovascular and atherosclerotic
diseases (Lederle et al., 2000; Allison et al., 2008; Kent
et al., 2010). As several secondary diseases of obesity are
also main risk factors for aortic aneurysm, it is not
surprising that obesity itself is also associated with aortic
aneurysm, despite not being listed as first line risk factor
(Cronin et al., 2013). There are several studies which describe
an association of markers of obesity with the presence of an
aortic aneurysm or with increasing aortic diameter (Allison
et al., 2008; Gorter et al., 2008; Kent et al., 2010; Long et al.,
2010; Cronin et al.,, 2013). These studies used either waist
circumference (Lederle et al., 2000; Golledge et al., 2007;
Gorter et al., 2008) or BMI as measure of obesity (Lederle
et al., 2000; Allison et al., 2008; Kent et al., 2010), whereas
waist circumference as indicator for central obesity seems to
be more strongly associated with aortic aneurysm than BMI
(Lederle et al., 2000).

The pathogenesis of an aortic aneurysm is not fully
2009; Police et al, 2010).
However, degradation of the aortic elastin, inflammatory

understood (Police et al.,

processes and neovascularization of the adventitia seem to
be crucial steps towards the formation of an aortic aneurism
(Police et al., 2009; Police et al., 2010). In this process, also
obesity with its altered metabolic state could contribute
(Henrichot et al., 2005; Police et al., 2009). Obesity is
with
imbalance of inflammatory chemokines like interleukin 6,

known to cause a pro-inflammatory state an
interleukin eight or TNF-alpha, which are secreted by
adipose tissue, which surrounds directly the aorta and
other great vessels (Henrichot et al., 2005; Police et al.,

2009). Again, inflammation is thought to weaken and dilate
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vessels, which may explain the contribution of obesity (Choke
et al., 2005; Nordon et al., 2009; Cronin et al., 2013).

A number of risk factors for aortic aneurysm are known to
improve after weight loss. There are several studies which
report a lowering of blood pressure or reduction of anti-
hypertensive medications after weight-loss (Stevens et al.,
1993; Jones et al., 1999; Sjostrom et al., 1999; Moore et al.,
2005; Fantin et al.,, 2019; Ortiz-Gomez et al., 2020). Also,
cardiovascular diseases are reported to improve after weight
loss (Weiss et al., 2016; Ma et al., 2017; Clifton, 2018).
Additionally, chronic inflammation as central part in the
pathogenesis of the aortic aneurysm seems to be reduced
by weight loss via a reduction of pro-inflammatory
cytokines and increase of anti-inflammatory chemokines
(You and Nicklas, 2006). As several sequelae of obesity
improve after weight loss, it is conceivable that the aortic
diameter and thus the risk of an aortic aneurysm can equally
be reduced after weight loss. To the best of our knowledge, no
dedicated human study has analyzed the effect of weight loss
on aortic aneurysm or aortic diameter. One study on
Angiotensin II-induced aortic aneurysm in mice found that
weight loss limits the expansion and neovascularization of the
aortic adventitia, which has been suggested to be associated
with a favorable effect of weight loss on aortic aneurysm
progression (Police et al., 2010).

The purpose of this study was to investigate the effect of
diet-induced moderate weight loss on the diameter of the
abdominal aorta as measured by MRI as proxy for aortic
aneurysm and prevention of aortic aneurysm in overweight or
healthy
Additionally, we studied the association of the aortic
diameter with MR-based body fat depots like the visceral
adipose tissue (VAT), the subcutaneous adipose tissue

obese non-smoking, individuals over 1 year.

(SAT) and liver fat content (LFC), anthropometric
measurements, blood pressure as well as metabolic
biomarkers. Our hypothesis was that a weight loss

intervention is associated with decreases in aortic
dimensions, which are correlated with body fat depots and

other anthropometric measurements.

Materials and methods
Study design and study population

Imaging and clinical data from the HELENA Trial
(NCT02449148, clinicaltrials.gov), which initially examined

the effects of intermittent calorie restriction (ICR) versus
continuous calorie restriction (CCR), were used for the
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present post hoc analysis. The study was conducted from May
2015 to May 2017 at the German Cancer Research Center
(DKFZ) and the University Hospital Heidelberg. The study
was approved by the ethics committee in Heidelberg,
Germany. All participants provided written informed consent.
Details of the study design, participant recruitment and data
collection have been published previously (Schubel et al., 2016;
Schubel et al., 2018).

In short, the study population included 150 overweight or
obese non-smokers (50% male) aged between 35-65 years
without any history of diabetes, major cardiovascular disease,
cancer or other severe organ dysfunctions/chronic diseases.
Further exclusion criteria were HbAlc levels >6.5% as well as
fasting plasma glucose levels >126 mg/dl. The participants were
of three study groups
ie., intermittent calorie restriction (ICR), continuous calorie
restriction (CCR) or
participants were advised to reduce the calorie intake by

randomly assigned into one

control group. The ICR group
~75% on two non-consecutive days per week whereas the
CCR group participants were advised to reduce the calorie
intake by ~20% each day. Participants assigned to the control
group were not advised to reduce their calorie intake. All study
the dietary
recommendations of the German Nutrition Society (Jungvogel
et al., 2013; Oberritter et al., 2013). The study consisted of a 12-

weeks intervention phase, followed by a 12-weeks maintenance

participants were advised to adhere to

phase and a 26-weeks follow-up phase. Anthropometric
assessments, clinical examinations, questionnaires and blood
biomarker assessments were performed across the following
study time points ie. baseline (T0), week 12 (T1), week 24
(T2) and week 50 (T3). Each study participant was given a
phone call every 2weeks by dietitians during intervention
phase for monitoring of possible side effects. No major side
effects were documented during the trial. All study participants
provided written consent prior to study enrolment.

MRI examinations were conducted for every participant at
three time-points: at baseline, after 12 weeks of intervention,
and after 50 weeks. Defined exclusion criteria for the MRI
examinations served cardiac pacemakers and defibrillators,
non-removable, medical and/or electronic foreign bodies and
joint prostheses without approval for 1.5 T-MR, metallic
foreign bodies and claustrophobia. From the original
150 study participants, a total of 144 (96.0%), 143 (95.3),
and 136 (90.7%) participants completed the intervention
phase, maintenance phase and follow-up phase respectively.
We finally included 144 participants in the present post-hoc
analysis.

Laboratory analyses

Blood samples of each participant were obtained at
baseline, after 12 weeks of intervention and after follow-up
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phase was finished (50 weeks total). Routine blood parameters
such as ALT (alanine aminotransferase), AST (aspartate
GGT
insulin, glucose, HDL (high density lipoprotein), LDL (low

aminotransferase), (gamma-glutamyltransferase),
density lipoprotein), cholesterol, triglycerides, HbAlc and
blood cell counts (erythrocytes, leukocytes, neutrophil
granulocytes, lymphocytes, monocytes, thrombocytes) were
examined at the central laboratory of the Heidelberg
More blood

biomarkers beyond clinical routine were assessed at the

university hospital. advanced metabolic
Department of Epidemiology at the German Cancer
(DKFZ), Heidelberg: i.e., TNF-alpha
(tumor-necrose-factor-alpha), IL-6 (interleukin-6), IFN-
gamma (interferon-gamma), adiponectin, leptin and CRP

Research Center

(C-reactive protein). Specifics about the blood parameter
analyses have previously been published in detail (Schubel
et al., 2018).

MR-imaging

The MRI scans were conducted using a 1.57T scanner
(MAGNETOM  Aera;
Germany). The same MR-protocol, hardware and software

Siemens  Healthineers, Erlangen,
were used throughout every MR scan at baseline, week 12 and
week 50. The detailed MRI-protocol is published previously
(Schubel et al., 2016).

The aortic diameters were manually measured using the
in-phase of the TIl-weighted-3D-VIBE two-point Dixon
three

anterior-posterior and left-right orientation (calculation of

sequence at anatomically defined locations in
mean value of anterior-posterior and left-right orientation)
using a post-processing software (OsiriX, Pixmeo SARL,
Bernex, Switzerland, see Figure 1) (Lehman et al., 2010;
Rogers et al., 2013; Schubel et al, 2016). The locations
were determined in accordance with the Framingham-
Heart study (Lehman et al., 2010; Rogers et al., 2013; Qazi
et al., 2017).

First, descending thoracic aorta (AD) at the level of the
right pulmonary artery; secondly, the infrarenal abdominal
aorta (INF; defined as 17 slides (5.1 cm) above the aortic
bifurcation); and thirdly, directly above the aortic
bifurcation (BIF) (Lehman et al., 2010; Rogers et al., 2013;
Qazi et al., 2017). The measurements were done consecutively
for each time point with the order of participants being
randomized for each time point and each reader (S.S. and
M.F.) separately by using a randomization tool (Excel,
Microsoft, Redmont, United States).

Intra- and inter-reader agreement of the aortic diameter
readings were assessed by calculating intraclass correlation
coefficient (ICC) estimates and their 95% confident intervals
using the psych package in R with a two-way mixed-effects, single
measurement ICC model (Koo and Li, 2016). Moreover, smallest
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FIGURE 1
Measurements of the aortic diameters using the in-phase images of the T1-weighted-3D-VIBE two-point Dixon sequence with a post-

processing software (OsiriX, Pixmeo SARL, Bernex, Switzerland) in anterior-posterior and left-right orientation at (A) descending thoracic aorta, (B)
infrarenal abdominal aorta, and (C) directly above the aortic bifurcation.

real differences (SRD) according to Bland and Altman were
obtained as a measure of absolute reliability (Bland and
Altman, 1986).

Reader 1 (SS) performed the baseline diameter readings
twice for 40 participants for the estimation of intra-reader
reliability. For the estimation of inter-reader agreement, both
Reader 1 (SS) and Reader 2 (MF) performed the artic diameter
readings for all participants at baseline (n = 144). The ICC
analysis revealed an excellent intra-reader agreement for the
readings of the baseline thoracic aorta diameter (0.97;
0.95-0.98, SRD: 0.11) and abdominal aorta diameter
diameters (0.96; 0.93-0.98, SRD: 0.11). The intra-reader
the of the
bifurcation readings was rated as good (0.93; 0.89-0.96,
SRD: 0.13). With respect to inter-reader agreement, the
readings of diameter of the descending thoracic aorta
showed an excellent agreement 0.95 (0.94-0.96, SRD: 0.16),
whereas the readings for both diameter of aortic bifurcation

agreement for baseline diameter aortic
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(0.83; 0.78-0.86, SRD: 0.20) and diameter of the
infrarenal abdominal (0.87; 0.83-0.90, SRD: 0.22) showed
good agreement.

The detailed information regarding the
measurements of the visceral (VAT) and
adipose tissue (SAT) as well as the liver fat content (LFC) can

MRI-based
subcutaneous

be found in our previous publications (Schubel et al., 2016; Kuhn
et al., 2018; Schubel et al., 2019).

Statistical analyses

The primary endpoint of the HELENA trial was to assess
the hypothesis that ICR is superior to CCR regarding adipose
tissue gene expression, body composition and metabolic
profile This, however, was not confirmed by our previously
published manuscripts, which did not show any significant
differences between ICR and CCR regarding primary,
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TABLE 1 Baseline characteristics according to weight loss quartiles, n = 144°,

Q1 (n = 36)

Men, n (%) 16 (44.4%)

Women, n (%) 20 (55.6%)

Age, y 51.0 £ 6.3
BMI, kg/m2 321 £ 4.1
VAT, L 53+22
SAT, L 13.1 £ 4.6
Liver fat, % 7.1 +£44
Diameter of descending thoracic aorta, cm 2.36 £ 0.27
Diameter of aortic bifurcation, cm 1.70 £ 0.23
Diameter of infrarenal abdominal aorta, cm 1.79 + 0.22
Systolic BP 139.6 £ 11
Diastolic BP 90.1 + 8.1
Leptin, ng/ml 29.7 £ 251
HOMA-IR 34419
Insulin, mU/L 147 + 7.8
Glucose, mg/dL 934 +79
IGF-1 114.6 + 34.3
HbAlc 54 +04
Triglycerides, mg/dL 139.4 + 64.9
Cholesterol, mg/dL 211.4 + 34.1
LDL, mg/dL 129.5 + 26.0
HDL, mg/dL 54.0 £ 15.0
ALT, U/L 251 +£72
AST, U/L 218 +4
GGT, U/L 29.7 £ 139
CRP, mg/pL 7.0 £ 8.6
TNFa, ng/uL 42 +26
IFNy, ng/uL 16.6 + 15.8
IL6, ng/uL 20+ 17
1L8, ng/uL 10.7 £ 4.4
Erythrocytes 48 +£04
Leukocytes 64 +15
Neutrophils 58.8 + 6.3
Lymphocytes 29.7 £ 6.2
Monocytes 6.0 1.4
Thrombocytes 239.8 £ 48.6

Q2 (n = 36) Q3 (n = 36) Q4 (n = 36)

21 (58.3%)
15 (41.7%)

17 (47.2%)
19 (52.8%)

18 (50.0%)
18 (50.0%)

51.2 £ 83 51.2+78 474 £ 83
311 £3.7 309 + 34 31.5+£3.7
50+22 48 +20 47 +20
112 £ 2.8 12.1 £ 3.9 129 + 4.0
88 +78 79 + 6.5 7.4 +49
2.38 +0.28 232 +0.24 232 +0.26
1.72 £ 0.17 1.74 £ 0.17 1.72 £ 0.22
1.82 £ 0.20 1.84 £ 0.17 1.80 £ 0.23
1322 £ 14 136.6 + 14.4 140 + 21.9
86 + 8.1 873 +£77 86.9 £ 9.8
204 £ 199 21.2 £15.1 294 £ 29
29+18 25+12 26 +13
12.6 £ 7.4 10.8 £ 5.1 112 £ 54
932 + 6.8 94.8 + 6.8 91.8 + 8.0
1243 + 34.1 111.3 £ 33.3 105.1 £ 27.0
55+03 55+03 54+ 0.3
136.1 + 89.3 1439 £ 93.2 108.3 £ 53.5
202.1 £ 359 214.4 + 36.0 203.2 + 34.5
120.7 £ 25.0 128.8 + 26.5 128.7 £ 29.5
52.6 £ 14.3 56.8 £ 13.7 52.9 + 149
315 £ 14.1 26.9 £ 12.1 244 +£97
258 + 6.9 22.5 + 4.0 223 +5.0
26.2 + 16.1 30.4 +19.8 243 12
43 +£54 37 +28 3.8 +38
44 +£28 49 +£26 4.1+25
16.7 £ 24.8 17.2 £ 16.6 11.6 + 8.9
1.8 £3.4 1.3+£08 13+ 1.1
14.0 £ 23.0 10.0 £ 4.7 10.6 £ 5.2
48 +05 49 +04 48 +04
62+ 15 63 +13 63 +12
56.3 £ 8.0 57.6 £ 7.0 56.8 + 9.2
309 £ 6.3 304 + 7.0 31.1 + 85
7.1+ 19 65+ 14 63+ 1.5
2372 £493 2429 + 48.4 247.3 £ 61.6

“n = 144. Data are presented as mean + standard deviation. Abbreviations: ALT, alanine transaminase; AST, aspartame transaminase; BMI, body mass index; CRP, C-reactive protein; GGT,

gamma-glutamyl transpeptidase; HDL, high-density lipoprotein; HOMA-IR: homeostatic model assessment for insulin resistance; IFNy, interferon gamma; IGF-1, insulin-like growth

factor 1; IL-6, interleukin six; IL-8, interleukin 8; LDL, low-density lipoprotein; SAT, subcutaneous adipose tissue; TNFa, tumor necrosis factor-a; VAT, visceral adipose tissue.

secondary, and exploratory endpoints (Schubel et al., 2018;
Pannen et al., 2021).

For the present analyses, participants were re-categorized in
a post-hoc manner into weight loss quartiles (WL quartiles)
based on the degree of weight loss after the 12-weeks
intervention period, regardless of the dietary regimen used
to achieve weight loss. On average, the weight change among
participants in WL quartile one was 0.0 + 0.2% (n = 36), -3.2 +
0.1% among those in WL quartile 2 (n = 36), —6.1 + 0.2% among
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those in WL quartile 3 (n = 36) and -11.3 + 0.6% among those in
WL quartile 4 (n = 36). By using these equally large quartiles a
larger statistical power could achieved than by using a priori
determined cut-off points.

Linear mixed models adjusted for age and sex as fixed effects
and modelling participant identifiers as random effects were used
to examine the effect of weight loss on changes in the aortic
diameters at week 12 and also at week 50. p-values for differences
in outcome parameters according to weight loss were obtained
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TABLE 2 Relative changes in aortic diameters and blood pressure according to weight loss quartiles after 12 and 50 weeks®.

WL quartile

Diameter of descending

Q1

Q2
Q3
Q4

Q1
Q2
Q3
Q4

Q1
Q2
Q3
Q4

Q1
Q2
Q3
Q4

Q1
Q2
Q3
Q4

thoracic aorta, %

Diameter of aortic bifurcation, %

Diameter of infrarenal aorta, %; abdominal aorta, %

Systolic BP, mmHg, %

Diastolic BP, mmHg, %

Week 12 p* Week 50 p*
0.0 + 1.1 0.031 0.1 +08 <0.001
~12+ 11 ~1.9+09

0.4 + 0.6 ~1.1+06

2505 48 + 1.1

0.8 + 13 0.151 -0.8 + 1.0 039
0.0+ 1.1 ~13+09

03 +12 ~0.6 + 1.1

27 +13 19+ 15

L1#11 0.010 ~1.1+08 0.80
03+ 08 24+09

0.0 + 0.8 2407

2208 -18 + 14

07 + 1.1 <0.001 13+ 15 0.023
28+ 13 -0.1+13

2.7 09 2413

70 £17 52+ 15

05+ 1.1 <0.0001 -17 13 0.015
32+ 11 “12+ 14

~2.9 £ 09 29 1.1

~7.0 £15 —47+15

"n = 144. Data are presented as mean + standard error. Relative changes were computed as loge relative changes, with baseline measurements as reference, i.e. log (week 12/baseline) *
100 for week 12 and log (week 50/baseline) * 100. p-values for time-by-weight change interactions were calculated using linear mixed models, adjusted for age and sex, and modelling weight

loss (%) on the continuous scale. Abbreviations: BP, blood pressure.

modelling interactions between weight loss on the continuous
scale and time (“time-by-treatment interaction”).

Furthermore, we analyzed the association of the aortic
diameters with anthropometric measurements and metabolic
parameters i.e. blood pressure, ALT, AST, GGT, HDL, total
cholesterol, triglycerides, fasting glucose, HbAlc, insulin, CRP,
IFN-y, TNF-q, IL-6, IL-8 adiponectin and leptin at baseline, week
12 and week 50 using Spearman’s correlations adjusted for age and
sex. All statistical analyses were performed in R (The R Foundation
for Statistical Computing, Vienna, Austria; version 3.6.1).

Results

Characteristics of study participants at
baseline

The characteristics of our study participants according to weight
loss quartiles are presented in Table 1. Participants were generally
comparable across all weight loss quartiles at baseline with respect to
anthropometric and other metabolic parameters. Likewise, the
diameters of the descending thoracic aorta, aorta at bifurcation
and infrarenal abdominal aorta were similar across the weight loss
quartiles at baseline (Table 1). With regards to age, participants in
the fourth quartile of weight loss were slightly younger compared to
those in the first, second and third quartiles. Parts of the data shown
in Table 1 have previously been reported in a related publication
(Jiang et al., 2019).
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Effect of weight loss on aortic diameters,
blood pressure and metabolic paramaters

The relative changes in weight after the 12-weeks controlled
intervention were 0.0 * 0.2%, -3.2 + 0.1%, -6.1 + 0.2%,
and -11.3 + 0.6 among participants in weight loss quartiles 1,
2, 3 and 4 respectively.

As shown in Table 2, there was an overall significant difference
of the changes in the diameter of the thoracic aorta (p = 0.031) and
abdominal aorta (p = 0.010) across WL quartiles after 12 weeks,
with participants in the highest quartile of WL achieving the
greatest reduction in the aforementioned aortic diameters
(Table 2). The changes in the diameter of aortic bifurcation
after 12 weeks were not significant overall across WL quartiles,
even though there was a reduction in aortic bifurcation diameter
among participants in the WL quartile 4 (2.7 + 1.3). During the
follow-up period i.e. after 50 weeks, only the changes in the
diameter of the thoracic aorta were significantly different
overall across WL quartiles (p < 0.001), despite reductions in
all aortic parameters across all WL quartiles. Similar to
observations after 12 weeks, the reduction in the diameter of
the thoracic aorta was greatest among participants in WL
quartile 4.

Beyond the reductions in aortic parameters, weight loss was
significantly associated with improvements in anthropometric
measurements (BMI), blood pressure as well as other metabolic
biomarkers, which have partly been published previously (see
Supplementary Table S1) (Jiang et al., 2019).
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FIGURE 2

Association of aortic diameters with anthropometric and metabolic parameters at baseline ((A), TO), after 12 weeks of intervention ((B), T1) and
after 50 weeks ((C), T3). Significant associations are indicated with asterisks (*), (**) and (***) denoting a p < 0.05, p < 0.01 and p < 0.001, respectively.
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With respect to blood pressure, systolic blood pressure
(Systolic BP) decreased significantly across all WL quartiles,
both after 12 (p < 0.001) and 50 weeks (p = 0.023, see
Table 2). Similarly, weight loss was associated with reductions
in diastolic blood pressure after 12 weeks (p < 0.0001) and also
after 50 weeks (p = 0.015, see Table 2).

Association of aortic diameters with
anthropometric and metabolic markers

The association of the aortic diameters with metabolic
parameters at baseline, at weeks 12 and 50 are depicted in
Figure 2. For further detail, the associations at baseline, weeks
12 and 50 are shown in Supplementary Tables S2-S4,
respectively.

The diameter of the aortic bifurcation and infrarenal
abdominal aorta showed a weak positive association with
body weight at baseline, rho = 0.24 and 0.20 respectively
These

associations were consistent at weeks 12 and 50 (Figure 2,

(Figure 2, see also Supplementary Table S2).
Supplementary Tables S3, S4). There was also a weak positive
association of VAT with the diameters of both the descending
thoracic aorta and the infrarenal abdominal aorta at baseline,
rho = 0.26 and 0.29 respectively. More pronounced weak-to-
modest positive associations were observed at weeks 12 and 50
(rho =0.36 and 0.32; and rho = 0.47 and 0.26, respectively, see
Supplementary Tables S3, S4, Figure 2). The diameters of the
descending thoracic aorta showed a weak-to-modest positive
association with both systolic and diastolic blood pressure as
well as plasma glucose concentrations across all study
timepoints i.e. baseline (Figure 2), week 12 and 50
(Figure 2, Supplementary Tables S3, S4). The diameters of
the infrarenal abdominal aorta depicted a weak-to-modest
positive association with diastolic blood pressure, plasma
glucose concentrations and HbAlc. No further consistent
associations were observed.

Discussion

In the present study, we investigated the effect of a moderate
weight loss intervention on the diameter of the aorta measured at
the descending thoracic aorta, aortic bifurcation and infrarenal
abdominal aorta as proxy for the risk of aortic dilatation and
aortic aneurysm in overweight or obese non-smoking, but
of the HELENA Trial
the associations of the aortic

otherwise healthy participants

Furthermore, we assessed
diameter with body fat depots, anthropometrics, blood
pressure as well as markers of metabolism.

The main finding of our study is a significant decrease in
of the

abdominal aorta after 12 weeks, with the greatest diameter

diameter descending thoracic and infrarenal
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reductions in participants with the highest weight loss after
intervention. Albeit not statistically significant across the
four weight loss quartiles, the diameter of the aortic
bifurcation decreased also among individuals in the
highest weight loss quartile after 12 weeks. After 50 weeks,
only the reductions of diameter of the descending thoracic
aorta were statistically still significant across the weight loss
quartiles, despite non-significant reductions of the infrarenal
abdominal aorta and aortic bifurcation. Again, reductions of
aortic diameters were more pronounced in the highest
weight loss quartile.

Thus, our results indicate a reduction of the aortic diameter
especially in the region of the descending thoracic and infrarenal
abdominal aorta after 12 weeks of weight loss intervention. These
findings were more pronounced in participants achieving a
higher weight loss after the caloric restriction intervention
>7.5% the highest
Furthermore, the reductions of aortic diameter were still

(i.e. of weight loss in quartile).
present after the follow-up time after 50 weeks. To the best of
our knowledge, so far no comparable studies in humans
examining the change of aortic diameter after weight loss
using cross sectional imaging techniques have been carried
out. However, there exist several studies analyzing the effect
of weight loss on the arterial stiffness as marker for aortic
the

cardiovascular

function, which plays an important role in
pathophysiology of aortic dilatation and
diseases. Tkonomidis et al. could show an improved aortic
function in 60 individuals after bariatric surgery (Ikonomidis
et al,, 2007). Similarly, Gul et al. observed an improvement of
aortic stiffness 1 year after laparoscopic sleeve gastrectomy in
53 obese individuals (Gul et al., 2021). Also, Brinkley et al. could
demonstrate an improved aortic stiffness in elderly obese after
moderate and intensive caloric restriction combined with aerobic
exercise training, but not with aerobic exercise training alone
(Brinkley et al., 2021).

In an experimental study with mice by Liu et al., a 12 weeks
caloric restriction prevented the development of angiotensin II-
induced abdominal aortic aneurysm, which, according to the
authors, seemed to be based on an upregulation of Sirtuinl in
vascular smooth muscle cells (Liu et al., 2016).

Beyond weight loss, there are hints of the influence of diet
on the development of an aortic aneurysm. Exemplarily, in
13.496 individuals of the ARIC (Atherosclerosis Risk in
Communities) study, a diet according to the Dietary
Approaches To Stop Hypertension-style (DASH diet) and a
higher consumption of fruit, vegetable, whole grain, nuts,
legumes and low-fat dairy were associated with a lower risk
for aortic aneurysm (Haring et al, 2018). Also in the
Malmo  Diet

26.000 individuals, a high intake of fruit, berries, vegetable,

prospective and Cancer study with
especially leaf vegetable, were associated with a decreased risk
for the development of an aortic aneurysm (Bergwall et al,,

2020).
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With respect to blood pressure, systolic blood pressure
(Systolic BP) decreased significantly across all WL quartiles,
both after 12 (p < 0.001) and 50 weeks (p = 0.023). Similarly,
weight loss was associated with reductions in diastolic blood
pressure after 12 weeks (p < 0.0001) and also after 50 weeks (p =
0.015). The influence of weight reductions on blood pressure is
well-established and exemplary described in a meta-analysis of
randomized controlled trials by Neter et al. observing greater
reductions of blood pressure with increasing amounts of weight
loss (Neter et al., 2003). Our correlations between BP and AD are
also in line with results from the Framingham trial (Rogers et al.,
2013).

Our data suggest that such reductions in blood pressure
may be in part due to a decrease in the diameter of the thoracic
aorta, given that both parameters may be causally associated
according to a recent Mendelian randomization study (John
DePaolo et al., 2021). As aortic diameters are thought to be
age-dependent (Rogers et al., 2013), weight loss may reverse an
aspect of vascular ageing. However, our finding requires
further experimental follow-up studies to better understand
potential underlying mechanisms, and to assess whether
weight loss, aortic diameters and aneurysms may be
causally linked’

In our study, we further assessed the associations of the
aortic diameters with body fat depots, anthropometrics,
blood pressure as well as markers of metabolism. We
showed positive associations of the aortic diameters with
both weight and VAT consistently over the three time
points. Regarding weight, a comparable positive
association with aortic diameters was also seen in others
studies, albeit they used the BMI as measure (Lederle et al.,
2000; Allison et al., 2008; Kent et al., 2010). Regarding VAT,
Gorter et al. could show that VAT accumulation is
associated with larger aortic diameters in patients with
arterial disease (Gorter et al., 2008). Also a study by Jiang
et al. showed a positive association of visceral fat with a
dilatation of the proximal aorta (Jiang et al., 2018).
Thanassoulis et al. could demonstrate in a community-
based sample of 3,000 individuals of the Framingham
Trial, that CT-measured VAT and periaortic fat were
positively associated with thoracic and abdominal aortic
dimensions (Thanassoulis et al., 2012).

Regarding the other fat depots, LFC was weakly associated
with the aortic diameters after week 12 and 50 in our study,
but not at baseline (see Supplementary Tables S2, S3 and
Figure 2), while SAT showed no significant associations with
the aortic diameters. In a cross-sectional investigation
embedded in two independent population-based studies
(KORA and SHIP study), Cai et al. could also demonstrate
a positive association with increased liver fat content and
aortic diameters (ascending, descending and infrarenal aorta),
which however attenuated after correcting with other
cardiovascular risk factors including BMI (Cai et al., 2021).
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With respect to SAT, aortic dilatation also showed no
association with SAT in a study by Apolini et al. (Apoloni
et al., 2019).

Our study is the first study to examine the impact of a
weight loss intervention on the aortic diameter over three time
points with a follow-up of 1 year in a large cohort of obese
study participants. Moreover, our study has the strength to use
not only aortic diameters measured at MR-images, but also
has the availability of MRI-based body fat depots like VAT,
SAT and LFC, blood pressure, anthropometrics as well as a
wide spectrum of metabolic biomarkers each measured at
three time points.

This study is subject to following limitations: we only
included healthy obese and overweight individuals and thus
have no unconfined insights into patients with chronic
diseases like diabetes. Also, we did not include patients
with aortic aneurysm or other aortic diseases as the
impact of weight loss as therapy for aortic aneurysm was
not part of this study. The study was not designed to assess
incident aortic aneurysms either, and aortic diameters were
only used as proxy for increased risk of aortic aneurysms.
Thus, future studies designed to assess aortic aneurysm in
relation to obesity and weight loss are needed before stronger
conclusions on the preventive potential of calorie restriction
(Eckstein 2020).
Additionally, only non-smokers were included in the
HELENA Trial. Therefore, the results are not fully
applicable to smokers, who are at higher

can be drawn and Maegdefessel,

risk for
developing aortic aneurysms. The MR images were non-
ECG-gated; thus, we were unable to adequately measure
the diameters at the ascending aorta because of motion
artifacts. Finally, while the present study serves as an
excellent model to investigate the effects of intentional
dietary weight loss on aortic diameters, our analyses were
exploratory, i.e. not pre-defined in the initial trial protocol.
Therefore, we cannot proof that simultaneous changes in
blood pressure and aortic diameters upon weight loss in our
study are causally linked.

Conclusion

In conclusion, a moderate, dietary induced weight loss in
overweight and obese non-smokers is associated with a
significant decrease of aortic diameters as assessed by
follow-up MRI.
positively associated with weight, VAT, glucose, HbAlc

Furthermore, aortic diameters were
and with both systolic and diastolic blood pressure. Thus,
weight loss induced by calorie restriction may serve to
prevent aortic dilatation and thus the development of
aortic aneurysms in obese and overweight individuals.
Further studies are needed to investigate the impact of

weight loss on aortic diameters in obese individuals with
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chronic diseases such as diabetes or risk factors such as
smoking.

Data availability statement

The raw data supporting the conclusions of this article
will be made available by the authors, without undue
reservation.

Ethics statement

The studies involving human participants were reviewed
and approved by Ethics committee of the medical faculty in
Heidelberg, Germany. The patients/participants provided
their written informed consent to participate in this study.

Author contributions

Conceptualization, TK, JN, and FR; Methodology, SS, SAS,
TK, FR, and JN; Software, TN, SS, SAS, MAF, JN, and TN;
Validation, SAS, SS, TK, JN, and TN; Formal Analysis, SS, TK,
RS, SAS, and TN; Investigation, CLS, SS, SAS, TK, TN, and JN;
Resources, T], RoK, OvS, RuK, FR, CU, and H-UK; Data Curation,
SAS, SS, RS, TK, and TN; Writing—Original Draft Preparation, SS,
SAS, and JN; Writing—Review and Editing, SS, SAS, MAF, TK, FB,
JK, and JN; Visualization, SS, SAS, TK, and JN; Supervision, TK,
FR, JN, RuK, CU, and H-UK; Project Administration, RS, TK,
MEG, JN, and OvS; Funding Acquisition, RS, TK, JN, RuK, CMU,
OvS, and H-UK. All authors critically revised the manuscript and
approved its final content.

Funding

The HELENA Trial was sponsored by the Helmholtz
Association of German Research Centers (Cross-Program

References

Allison, M. A., Kwan, K., DiTomasso, D., Wright, C. M., and Criqui, M. H. (2008).
The epidemiology of abdominal aortic diameter. J. Vasc. Surg. 48 (1), 121-127.
doi:10.1016/j.jvs.2008.02.031

Alpert, M. A., Omran, J., and Bostick, B. P. (2016). Effects of obesity on
cardiovascular hemodynamics, cardiac morphology, and ventricular function.
Curr. Obes. Rep. 5 (4), 424-434. doi:10.1007/s13679-016-0235-6

Apoloni, R. C., Zerati, A. E., Wolosker, N., Saes, G. F., Wolosker, M.,
Curado, T, et al. (2019). Analysis of the correlation between central obesity
and abdominal aortic diseases. Ann. Vasc. Surg. 54, 176-184. d0i:10.1016/j.
avsg.2018.06.016

Avgerinos, K. L, Spyrou, N., Mantzoros, C. S., and Dalamaga, M. (2019). Obesity
and cancer risk: Emerging biological mechanisms and perspectives. Metabolism. 92,
121-135. doi:10.1016/j.metabol.2018.11.001

Frontiers in Physiology

10.3389/fphys.2022.976949

Metabolic
imaging examinations were performed in the Department

Topic: Dysfunction). Magnetic resonance
of Diagnostic and Interventional Radiology, University
Hospital Heidelberg and sponsored by the Max Grundig
Foundation. CU was funded by the Huntsman Cancer
Foundation and the National Cancer Institute projects
RO1 CA189184, R0O1 CA207371, U0l CA206110, and

P30 CA042014.

Acknowledgments

The authors would like to thank all study participants.

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/fphys.
2022.976949/full#supplementary-material

Bergwall, S., Acosta, S., and Sonestedt, E. (2020). Intake of fibre and plant
foods and the risk of abdominal aortic aneurysm in a large prospective cohort
study in Sweden. Eur. J. Nutr. 59 (5), 2047-2056. d0i:10.1007/s00394-019-
02054-w

Bland, J. M., and Altman, D. G. (1986). Statistical methods for assessing
agreement between two methods of clinical measurement. Lancet 1 (8476),
307-310. doi:10.1016/s0140-6736(86)90837-8

Brinkley, T. E., Leng, L, Bailey, M. J., Houston, D. K., Hugenschmidt, C. E.,
Nicklas, B. J., et al. (2021). Effects of exercise and weight loss on proximal aortic
stiffness in older adults with obesity. Circulation 144 (9), 684-693. doi:10.1161/
CIRCULATIONAHA.120.051943

Cai, X, Rospleszcz, S., Mensel, B., Schminke, U., Kuhn, J. P., Aghdassi, A. A, et al.
(2021). Association between hepatic fat and subclinical vascular disease burden in

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fphys.2022.976949/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphys.2022.976949/full#supplementary-material
https://doi.org/10.1016/j.jvs.2008.02.031
https://doi.org/10.1007/s13679-016-0235-6
https://doi.org/10.1016/j.avsg.2018.06.016
https://doi.org/10.1016/j.avsg.2018.06.016
https://doi.org/10.1016/j.metabol.2018.11.001
https://doi.org/10.1007/s00394-019-02054-w
https://doi.org/10.1007/s00394-019-02054-w
https://doi.org/10.1016/s0140-6736(86)90837-8
https://doi.org/10.1161/CIRCULATIONAHA.120.051943
https://doi.org/10.1161/CIRCULATIONAHA.120.051943
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://doi.org/10.3389/fphys.2022.976949

Stoll et al.

the general population. BMJ Open Gastroenterol. 8 (1), €000709. doi:10.1136/
bmjgast-2021-000709

Choke, E., Cockerill, G., Wilson, W. R,, Sayed, S., Dawson, J., Loftus, I, et al.
(2005). A review of biological factors implicated in abdominal aortic aneurysm
rupture. Eur. J. Vasc. Endovasc. Surg. 30 (3), 227-244. doi:10.1016/j.¢jvs.2005.
03.009

Clifton, P. M. (2018). Relationship between changes in fat and lean
depots following weight loss and changes in cardiovascular disease
risk markers. J. Am. Heart Assoc. 7 (8), e008675. doi:10.1161/JAHA.118.
008675

Cronin, O., Walker, P. J., and Golledge, J. (2013). The association of obesity with
abdominal aortic aneurysm presence and growth. Atherosclerosis 226 (2), 321-327.
doi:10.1016/j.atherosclerosis.2012.10.041

De Lorenzo, A., Romano, L., Di Renzo, L., Di Lorenzo, N., Cenname, G., and
Gualtieri, P. (2020). Obesity: A preventable, treatable, but relapsing disease.
Nutr. (Burbank, Los Angel. Cty. Calif. 71, 110615. doi:10.1016/j.nut.2019.
110615

Eckstein, H. H., and Maegdefessel, L. (2020). Linking obesity with abdominal
aortic aneurysm development. Eur. Heart J. 41 (26), 2469-2471. doi:10.1093/
eurheartj/ehz882

Engin, A. (2017). The definition and prevalence of obesity and
metabolic syndrome. Adv. Exp. Med. Biol. 960, 1-17. do0i:10.1007/978-3-
319-48382-5_1

Fantin, F., Giani, A., Zoico, E., Rossi, A. P., Mazzali, G., and Zamboni, M. (2019).
Weight loss and hypertension in obese subjects. Nutrients 11 (7), E1667. doi:10.
3390/nul1071667

Golledge, J., Clancy, P., Jamrozik, K., and Norman, P. E. (2007). Obesity,
adipokines, and abdominal aortic aneurysm: Health in Men
study. Circulation 116 (20), 2275-2279. doi:10.1161/CIRCULATIONAHA.
107.717926

Gorter, P. M., Visseren, F. L., Moll, F. L., van der Graaf, Y., and Group, S. S.
(2008). Intra-abdominal fat and metabolic syndrome are associated with larger
infrarenal aortic diameters in patients with clinically evident arterial disease. J. Vasc.
Surg. 48 (1), 114-120. doi:10.1016/j.jvs.2008.02.020

Gul, M., Inci, S., Aktas, H., Yildirim, O., Alsancak, Y., and Ozkan, N. (2021).
Dynamic changes in aortic stiffness after substantial weight loss by laparoscopic
sleeve gastrectomy in patients with obesity: A 1-year follow-up study. J. Investig.
Med. 69 (6), 1168-1174. doi:10.1136/jim-2021-001778

Hamilton, D., Dee, A., and Perry, L. J. (2018). The lifetime costs of overweight and
obesity in childhood and adolescence: A systematic review. Obes. Rev. 19 (4),
452-463. doi:10.1111/0br.12649

Haring, B., Selvin, E., He, X., Coresh, ., Steffen, L. M., Folsom, A. R,, et al. (2018).
Adherence to the dietary Approaches to Stop hypertension dietary pattern and risk
of abdominal aortic aneurysm: Results from the ARIC study. J. Am. Heart Assoc. 7
(21), €009340. doi:10.1161/JAHA.118.009340

Henrichot, E., Juge-Aubry, C. E., Pernin, A., Pache, J. C., Velebit, V., Dayer,
J. M., et al. (2005). Production of chemokines by perivascular adipose tissue:
A role in the pathogenesis of atherosclerosis? Arterioscler. Thromb. Vasc.
Biol. 25 (12), 2594-2599. d0i:10.1161/01.ATV.0000188508.40052.35

Tkonomidis, I., Mazarakis, A., Papadopoulos, C., Patsouras, N., Kalfarentzos,
F., Lekakis, J., et al. (2007). Weight loss after bariatric surgery improves aortic
elastic properties and left ventricular function in individuals with morbid obesity:
A 3-year follow-up study. J. Hypertens. 25 (2), 439-447. doi:10.1097/HJH.
0b013e3280115bfb

Jiang, Y., Spurny, M., Schubel, R, Nonnenmacher, T., Schlett, C. L., von
Stackelberg, O., et al. (2019). Changes in pancreatic fat content following diet-
induced weight loss. Nutrients 11 (4), E912. doi:10.3390/nu11040912

Jiang, Z., Lin, B, Liu, T., Qin, S., Huang, S., Shao, S., et al. (2018). Visceral fat
index/percentage body fat ratio is independently associated with proximal
aortic dilatation in a middle-aged and aged Chinese population in Liujiang
of Guangxi. Atherosclerosis 268, 19-26. doi:10.1016/j.atherosclerosis.2017.
11.008

John DePaolo, M. L., Tcheandjieu, C., Priest, J., Gill, D., Burgess, S., Scott, D., et al.
(2021). Relationship between blood pressure and thoracic aortic diameter.
Circulation 144 (1).

Jones, D. W., Miller, M. E., Wofford, M. R., Anderson, D. C,, Jr., Cameron, M. E.,
Willoughby, D. L., et al. (1999). The effect of weight loss intervention on
antihypertensive medication requirements in the hypertension Optimal
Treatment (HOT) study. Am. J. Hypertens. 12 (1-2), 1175-1180. doi:10.1016/
$0895-7061(99)00123-5

Jungvogel, A., Wendt, I, Schabethal, K., Leschik-Bonnet, E., and
Oberritter, H. (2013). Revised: The 10 DGE rules. Ernahr Umsch 60 (11),
M644-M5.

Frontiers in Physiology

10.3389/fphys.2022.976949

Kent, K. C,, Zwolak, R. M., Egorova, N. N,, Riles, T. S., Manganaro, A,
Moskowitz, A. J., et al. (2010). Analysis of risk factors for abdominal aortic
aneurysm in a cohort of more than 3 million individuals. J. Vasc. Surg. 52 (3),
539-548. doi:10.1016/.jvs.2010.05.090

Koo, T. K., and Li, M. Y. (2016). A guideline of selecting and reporting intraclass
correlation coefficients for reliability research. J. Chiropr. Med. 15 (2), 155-163.
doi:10.1016/j.jcm.2016.02.012

Kuhn, T., Nonnenmacher, T., Sookthai, D., Schubel, R., Quintana Pacheco, D. A.,
von Stackelberg, O., et al. (2018). Anthropometric and blood parameters for the
prediction of NAFLD among overweight and obese adults. BMC Gastroenterol. 18
(1), 113. doi:10.1186/s12876-018-0840-9

Lederle, F. A, Johnson, G. R., Wilson, S. E., Chute, E. P., Hye, R. ]., Makaroun, M.
S., etal. (2000). The aneurysm detection and management study screening program:
Validation cohort and final results. Aneurysm detection and management veterans
affairs cooperative study investigators. Arch. Intern. Med. 160 (10), 1425-1430.
doi:10.1001/archinte.160.10.1425

Lehman, S. J., Massaro, J. M., Schlett, C. L., O’Donnell, C. J., Hoffmann, U., and
Fox, C. S. (2010). Peri-aortic fat, cardiovascular disease risk factors, and aortic
calcification: The Framingham heart study. Atherosclerosis 210 (2), 656-661. doi:10.
1016/j.atherosclerosis.2010.01.007

Liu, Y., Wang, T. T., Zhang, R,, Fu, W. Y., Wang, X., Wang, F,, et al. (2016).
Calorie restriction protects against experimental abdominal aortic aneurysms in
mice. J. Exp. Med. 213 (11), 2473-2488. do0i:10.1084/jem.20151794

Long, A., Bui, H. T., Barbe, C., Henni, A. H,, Journet, J., Metz, D., et al. (2010).
Prevalence of abdominal aortic aneurysm and large infrarenal aorta in patients
with acute coronary syndrome and proven coronary stenosis: A prospective
monocenter study. Ann. Vasc. Surg. 24 (5), 602-608. doi:10.1016/j.avsg.2009.
12.010

Ma, C., Avenell, A., Bolland, M., Hudson, J., Stewart, F., Robertson, C., et al.
(2017). Effects of weight loss interventions for adults who are obese on mortality,
cardiovascular disease, and cancer: Systematic review and meta-analysis. BMJ 359,
j4849. doi:10A1136/bmj.j4849

Moore, L. L., Visioni, A. J., Qureshi, M. M., Bradlee, M. L., Ellison, R. C., and
D’Agostino, R. (2005). Weight loss in overweight adults and the long-term risk of
hypertension: The Framingham study. Arch. Intern. Med. 165 (11), 1298-1303.
doi:10.1001/archinte.165.11.1298

Neter, J. E., Stam, B. E., Kok, F. ]., Grobbee, D. E., and Geleijnse, J. M. (2003).
Influence of weight reduction on blood pressure: A meta-analysis of
randomized controlled trials. Hypertension 42 (5), 878-884. doi:10.1161/01.
HYP.0000094221.86888.AE

Nordon, I. M., Hinchliffe, R. J., Holt, P. J., Loftus, I. M., and Thompson, M. M.
(2009). Review of current theories for abdominal aortic aneurysm pathogenesis.
Vascular 17 (5), 253-263. doi:10.2310/6670.2009.00046

Oberritter, H., Schabethal, K., von Ruesten, A., and Boeing, H. (2013). The
DGE nutrition circle - presentation and basis of the food-related
recommendations from the German nutrition society (DGE). Ernahr Umsch
60 (2), 24-29.

Ortiz-Gomez, C., Romero-Funes, D., Gutierrez-Blanco, D., Frieder, J. S., Fonseca-
Mora, M., Lo Menzo, E, et al. (2020). Impact of rapid weight loss after bariatric surgery
on the prevalence of arterial hypertension in severely obese patients with chronic kidney
disease. Surg. Endosc. 34 (7), 3197-3203. doi:10.1007/s00464-019-07094-1

Pannen, S. T., Maldonado, S. G., Nonnenmacher, T., Sowah, S. A., Gruner, L. F.,
Watzinger, C,, et al. (2021). Adherence and dietary composition during intermittent vs.
Continuous calorie restriction: Follow-up data from a randomized controlled trial in
adults with overweight or obesity. Nutrients 13 (4), 1195. doi:10.3390/nu13041195

Police, S. B., Putnam, K., Thatcher, S., Batifoulier-Yiannikouris, F.,
Daugherty, A., and Cassis, L. A. (2010). Weight loss in obese C57BL/6 mice
limits adventitial expansion of established angiotensin II-induced abdominal
aortic aneurysms. Am. J. Physiol. Heart Circ. Physiol. 298 (6), H1932-H1938.
doi:10.1152/ajpheart.00961.2009

Police, S. B., Thatcher, S. E., Charnigo, R., Daugherty, A., and Cassis, L. A. (2009).
Obesity promotes inflammation in periaortic adipose tissue and angiotensin II-
induced abdominal aortic aneurysm formation. Arterioscler. Thromb. Vasc. Biol. 29
(10), 1458-1464. doi:10.1161/ATVBAHA.109.192658

Qazi, S., Massaro, J. M., Chuang, M. L., D’Agostino, R. B, Sr., Hoffmann, U,, et al.
(2017). Increased aortic diameters on multidetector computed tomographic scan
are independent predictors of incident adverse cardiovascular events: The
Framingham heart study. Circ. Cardiovasc. Imaging 10 (12), €006776. doi:10.
1161/CIRCIMAGING.117.006776

Rogers, I. S., Massaro, J. M., Truong, Q. A., Mahabadi, A. A, Kriegel, M. F., Fox, C.
S., etal. (2013). Distribution, determinants, and normal reference values of thoracic
and abdominal aortic diameters by computed tomography (from the Framingham
Heart Study). Am. J. Cardiol. 111 (10), 1510-1516. doi:10.1016/j.amjcard.2013.
01.306

frontiersin.org


https://doi.org/10.1136/bmjgast-2021-000709
https://doi.org/10.1136/bmjgast-2021-000709
https://doi.org/10.1016/j.ejvs.2005.03.009
https://doi.org/10.1016/j.ejvs.2005.03.009
https://doi.org/10.1161/JAHA.118.008675
https://doi.org/10.1161/JAHA.118.008675
https://doi.org/10.1016/j.atherosclerosis.2012.10.041
https://doi.org/10.1016/j.nut.2019.110615
https://doi.org/10.1016/j.nut.2019.110615
https://doi.org/10.1093/eurheartj/ehz882
https://doi.org/10.1093/eurheartj/ehz882
https://doi.org/10.1007/978-3-319-48382-5_1
https://doi.org/10.1007/978-3-319-48382-5_1
https://doi.org/10.3390/nu11071667
https://doi.org/10.3390/nu11071667
https://doi.org/10.1161/CIRCULATIONAHA.107.717926
https://doi.org/10.1161/CIRCULATIONAHA.107.717926
https://doi.org/10.1016/j.jvs.2008.02.020
https://doi.org/10.1136/jim-2021-001778
https://doi.org/10.1111/obr.12649
https://doi.org/10.1161/JAHA.118.009340
https://doi.org/10.1161/01.ATV.0000188508.40052.35
https://doi.org/10.1097/HJH.0b013e3280115bfb
https://doi.org/10.1097/HJH.0b013e3280115bfb
https://doi.org/10.3390/nu11040912
https://doi.org/10.1016/j.atherosclerosis.2017.11.008
https://doi.org/10.1016/j.atherosclerosis.2017.11.008
https://doi.org/10.1016/s0895-7061(99)00123-5
https://doi.org/10.1016/s0895-7061(99)00123-5
https://doi.org/10.1016/j.jvs.2010.05.090
https://doi.org/10.1016/j.jcm.2016.02.012
https://doi.org/10.1186/s12876-018-0840-9
https://doi.org/10.1001/archinte.160.10.1425
https://doi.org/10.1016/j.atherosclerosis.2010.01.007
https://doi.org/10.1016/j.atherosclerosis.2010.01.007
https://doi.org/10.1084/jem.20151794
https://doi.org/10.1016/j.avsg.2009.12.010
https://doi.org/10.1016/j.avsg.2009.12.010
https://doi.org/10.1136/bmj.j4849
https://doi.org/10.1001/archinte.165.11.1298
https://doi.org/10.1161/01.HYP.0000094221.86888.AE
https://doi.org/10.1161/01.HYP.0000094221.86888.AE
https://doi.org/10.2310/6670.2009.00046
https://doi.org/10.1007/s00464-019-07094-1
https://doi.org/10.3390/nu13041195
https://doi.org/10.1152/ajpheart.00961.2009
https://doi.org/10.1161/ATVBAHA.109.192658
https://doi.org/10.1161/CIRCIMAGING.117.006776
https://doi.org/10.1161/CIRCIMAGING.117.006776
https://doi.org/10.1016/j.amjcard.2013.01.306
https://doi.org/10.1016/j.amjcard.2013.01.306
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://doi.org/10.3389/fphys.2022.976949

Stoll et al.

Sampson, U. K., Norman, P. E., Fowkes, F. G., Aboyans, V., Yanna, S., Harrell, F.
E. Jr, et al. (2014). Global and regional burden of aortic dissection and aneurysms:
Mortality trends in 21 world regions, 1990 to 2010. Glob. Heart 9 (1), 171-180.
doi:10.1016/j.gheart.2013.12.010

Schubel, R, Graf, M. E., Nattenmuller, J., Nabers, D., Sookthai, D., Gruner, L. F,, et al.
(2016). The effects of intermittent calorie restriction on metabolic health: Rationale and study
design of the HELENA Trial. Contemp. Clin. Trials 51, 28-33. doi:10.1016/j.cct.2016.09.004

Schubel, R., Nattenmuller, J., Sookthai, D., Nonnenmacher, T., Graf, M. E., Riedl,
L., et al. (2018). Effects of intermittent and continuous calorie restriction on body
weight and metabolism over 50 wk: A randomized controlled trial. Am. J. Clin. Nutr.
108 (5), 933-945. doi:10.1093/ajcn/nqy196

Schubel, R., Nonnenmacher, T., Sookthai, D., Gonzalez Maldonado, S., Sowah, S.
A., von Stackelberg, O., et al. (2019). Similar weight loss induces greater
improvements in insulin sensitivity and liver function among individuals with
NAFLD compared to individuals without NAFLD. Nutrients 11 (3), E544. doi:10.
3390/nul1030544

Sjostrom, C. D., Lissner, L., Wedel, H., and Sjostrom, L. (1999). Reduction
in incidence of diabetes, hypertension and lipid disturbances after
intentional ~ weight loss induced by bariatric surgery: The SOS
intervention study. Obes. Res. 7 (5), 477-484. doi:10.1002/j.1550-8528.1999.
tb00436.x

Frontiers in Physiology

12

10.3389/fphys.2022.976949

Stevens, V. J., Corrigan, S. A., Obarzanek, E., Bernauer, E., Cook, N. R, Hebert, P.,
et al. (1993). Weight loss intervention in phase 1 of the trials of hypertension
prevention. The TOHP collaborative research group. Arch. Intern. Med. 153 (7),
849-858. doi:10.1001/archinte.153.7.849

Thanassoulis, G., Massaro, J. M., Corsini, E., Rogers, L., Schlett, C. L., Meigs,
J. B., et al. (2012). Periaortic adipose tissue and aortic dimensions in the
Framingham Heart Study. J. Am. Heart Assoc. 1 (6), e¢000885. doi:10.1161/
JAHA.112.000885

Tremmel, M., Gerdtham, U. G., Nilsson, P. M., and Saha, S. (2017). Economic
burden of obesity: A systematic literature review. Int. J. Environ. Res. Public Health
14 (4), E435. doi:10.3390/ijerph14040435

Weiss, E. P., Albert, S. G., Reeds, D. N., Kress, K. S., McDaniel, J. L., Klein, S., et al.
(2016). Effects of matched weight loss from calorie restriction, exercise, or both on
cardiovascular disease risk factors: A randomized intervention trial. Am. J. Clin.
Nutr. 104 (3), 576-586. doi:10.3945/ajcn.116.131391

World Health Organisation (WHO) (2021). Obesity and overweight. Available at:
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
(Accessed September 11, 2021).

You, T., and Nicklas, B. J. (2006). Chronic inflammation: Role of adipose tissue
and modulation by weight loss. Curr. Diabetes Rev. 2 (1), 29-37. doi:10.2174/
157339906775473626

frontiersin.org


https://doi.org/10.1016/j.gheart.2013.12.010
https://doi.org/10.1016/j.cct.2016.09.004
https://doi.org/10.1093/ajcn/nqy196
https://doi.org/10.3390/nu11030544
https://doi.org/10.3390/nu11030544
https://doi.org/10.1002/j.1550-8528.1999.tb00436.x
https://doi.org/10.1002/j.1550-8528.1999.tb00436.x
https://doi.org/10.1001/archinte.153.7.849
https://doi.org/10.1161/JAHA.112.000885
https://doi.org/10.1161/JAHA.112.000885
https://doi.org/10.3390/ijerph14040435
https://doi.org/10.3945/ajcn.116.131391
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://doi.org/10.2174/157339906775473626
https://doi.org/10.2174/157339906775473626
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://doi.org/10.3389/fphys.2022.976949

	Changes in aortic diameter induced by weight loss: The HELENA trial- whole-body MR imaging in a dietary intervention trial
	Introduction
	Materials and methods
	Study design and study population
	Laboratory analyses
	MR-imaging
	Statistical analyses

	Results
	Characteristics of study participants at baseline
	Effect of weight loss on aortic diameters, blood pressure and metabolic paramaters
	Association of aortic diameters with anthropometric and metabolic markers

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References


