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Weight reduction and aortic stiffness in obese children and
adolescents: a 1-year follow-up study
KN Hvidt1,2, MH Olsen3,4, H Ibsen1 and J-C Holm2

Little is known about the effect of weight reduction on aortic stiffness and especially so in the young. The present study
investigates whether weight reduction influences aortic stiffness in obese children and adolescents. Carotid–femoral pulse wave
velocity (cfPWV) and augmentation index at heart rate 75 (AIx@HR75) were measured in 72 obese patients aged 10–18 years at
baseline and after 1-year of lifestyle intervention (follow-up). We found that although the degree of obesity decreased (Δbody mass
index z-score: − 0.24 ± 0.45, Po0.0001), cfPWV was higher at follow-up (ΔcfPWV: 0.27 ± 0.47 m s− 1, Po0.0001), which was
explained by the increase in age (β= 0.12 ms− 1 per year, 95% confidence interval (CI) 0.07–0.17, Po0.0001) and partly by changes
in mean arterial pressure and heart rate. Changes in cfPWV were not related to changes in obesity measures. No significant change
was found in AIx@HR75 (ΔAIx@HR75: 2.10 ± 9.73%, P= 0.072), but changes in AIx@HR75 were related to changes in abdominal fat
(Δwaist/height ratio: β= 50.3, 95% CI 6.7–94.0, P= 0.02) and changes in total body fat percent by dual energy X-ray absorptiometry
scan (Δtotal body fat (%): β= 0.7, 95% CI 0.1–1.3, P= 0.02) when adjusted for gender and relevant baseline confounders. In
conclusion, no clear effect of weight reduction was found on aortic stiffness, although changes in AIx@HR75 were associated with
changes in both abdominal fat and total body fat percent. The higher cfPWV at follow-up was related to the older age.
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INTRODUCTION
Aortic stiffness and obesity are independent risk factors of
cardiovascular disease.1,2 Obesity has been associated with
reduced aortic stiffness in children and adults until middle-
age.3–5 In middle-aged and older adults, weight reduction
has been related to a reduction in aortic stiffness.6,7 Little is
known about the effect of weight reduction on aortic stiffness
and especially so in children and adolescents. Information
about vascular stiffness in obese children may shed light upon
the pathophysiology of obesity associated elevated blood
pressure (BP).
Carotid–femoral pulse wave velocity (cfPWV) is known as the

gold standard for evaluating aortic stiffness.8 Peripheral reflected
BP waves measured by augmentation index (AIx) is regarded as an
indirect measure of aortic stiffness.9,10 The noninvasive methodol-
ogies used in adult studies are typically adopted in pediatrics.10,11

Measurements of BP, aortic stiffness and body mass index (BMI)
uses universal cutoff ranges for adults and are recognized by
clinicians. However, these biological measures are complicated by
growth and development in children and adolescents. Standardi-
zation into z-scores in respect to gender, age and height to
standard normal populations enables comparisons of estimates
across gender and age.12 Waist circumference—a surrogate for
abdominal fat—can be indexed by height representing growth
when comparing measurements over time.13,14

In a recent publication,5 we found that the newly recom-
mended distance measure of the cfPWV measurement8,15 did not
introduce systematic error when young obese patients were

compared with normal weighted control individuals. Further,
changes in obesity measures were associated with changes in
ambulatory BP.16

The objective of the present study is to investigate the impact
of weight reduction on aortic stiffness in obese children and
adolescents after 1-year of lifestyle intervention.

MATERIALS AND METHODS
Design and patients
Inclusion criteria were an age of 10–18 years in newly referred patients to
the Children’s Obesity Clinic.17 Lifestyle intervention was based on a
family-centered approach involving behavior-changing techniques as
given in the clinic’s treatment protocol.17 In this protocol, 90 advices are
defined aimed at nutrition, activity, obesity-related eating disorders and
more. The treatment plan typically includes 12–20 advices that are given in
writing at the first consultation. Patients are offered follow-up consulta-
tions by dieticians and nurses where the treatment plan is optimized.17

Baseline examination was no 460 days before or after the first visit to
the clinic. Childhood overweight is defined as a BMI z-score 41, whereas
obesity is defined as a BMI z-score 42.18 Primary treatment end point was
change (Δ) in BMI z-score; responders having a ΔBMI z-score o0 and
nonresponders having a ΔBMI z-score 40.17

In a repeatability substudy including 25 patients, the day-to-day
variation of the aortic stiffness measures was evaluated in respect to the
possible long-term effect of weight reduction on these parameters. These
25 patients had three visits: baseline (day 1), follow-up 1 year later (day 2)
and the day after the follow-up visit (day 3). The day-to-day repeatability
(days 2 and 3) was investigated, as well as the year-to-year difference (day
1 minus day 2).
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The study was declared to ClinicalTrials.gov (NCT01310088), The Danish
Data Agency and approved by The Scientific Ethical Committee of Region
Zealand. Written informed consent was obtained from parents and
individuals aged 18 years according to the Helsinki Declaration.

Anthropometry and obesity measures
Height was measured to the nearest 0.1 cm and weight to the nearest
0.1 kg wearing light indoor clothes without shoes using an integrated
calibrated weight and stadiometer (ADE, Modell MZ10023, Hamburg,
Germany). BMI (kgm− 2) was calculated into BMI z-scores in respect to a
Danish standard population with the same age and gender.19 Waist
circumference was measured to the nearest 0.1 cm with subjects standing
using a stretch-resistant tape. Waist/height ratio was calculated.
Total body fat percentage was measured by dual energy X-ray

absorptiometry (DXA) scanning (Lunar iDXA, GE Healthcare, enCore
version 13.20.033, Madison, WI, USA). The DXA scan was part of the
treatment protocol at The Children’s Obesity’s Clinic’s. Only DXA scans
performed o60 days before or after study days were included in the
analyses. Fifty-nine (82%) patients had a DXA scan at both baseline and at
follow-up.

Peripheral and central hemodynamic measures
Patients were asked to refrain from eating and smoking 3 h before
examination. All hemodynamic measures were obtained after a rest of
minimum 10min in supine position.
Clinic brachial BP was measured with the oscillometric device Omron

705IT (Omron Healthcare Europe, Gl Hoofddorp, The Netherlands)
validated in children and adolescents20 using cuff sizes as recommended
by the manufacturer; small (arm circumference o22 cm), medium
(22–32 cm) and large (⩾ 32 cm). Mean of the last two out of three BP
measurements was reported and calculated into z-scores according to an
American standard population based on individuals’ gender, age and
height.12 A z-score value of zero is equal to the expected mean in relation
to the given reference population. The 95th percentile equals to a z-score
of 1.645 and is arbitrarily defined as the cutoff level in the BP
classification.12

Aortic stiffness was measured as cfPWV and AIx noninvasively by
applanation tonometry using the SphygmoCor 9.0 device (AtCor Medical,
Sydney, NSW, Australia).8,9

CfPWV was calculated as the pulse wave travel distance divided by
transit time. Travel distance was measured with a caliper (infantometer)
being 80% of the direct distance from the carotid artery to the femoral
artery.5 Transit time was determined from carotid and femoral artery
waveforms recorded consecutively with an electrocardiographic-gated
signal simultaneously recorded. CfPWV was reported as mean of at least
two measurements and calculated into z-scores according to an
Hungarian–Italian–Algerian standard population based on individuals’
gender and age, and gender and height.21

The quality of the carotid and femoral artery waveforms was evaluated
with pulse transit time s.d. and regarded as acceptable when o10% as
given in the manufacturer’s manual. No significant difference was found
between baseline and follow-up (pulse transit time s.d.; median 7.8
(interquartile range: 6.6–9.7)% at baseline vs 7.7 (6.2–8.8)% at follow-up,
P= 0.07).
A central BP waveform was collected from the radial artery. AIx is the

augmentation pressure expressed as a percentage of the pulse pressure,
where augmentation pressure is the difference between the second and
first systolic peaks from the reflected BP waves. The central waveform
obtained from the radial measurement was calibrated to the brachial
systolic and diastolic BP using a generalized transfer function.22 AIx was
corrected for a standard heart rate of 75 b.p.m. (AIx@HR75) by the AtCor
software. AIx@HR75 was reported as mean of at least two measurements.
Three patients had only one AIx measurement: two patients at baseline
owing to difficulties in obtaining the measurements and one patient at
follow-up owing to a software error.
The quality of the central BP waveforms was evaluated with operator

index, a composite quality control parameter in the SphygmoCor software
and regarded as acceptable when 480 on a scale 0–100 as given in the
manufacturer’s manual. No significant difference was found between
baseline and follow-up (operator index; 90.0 (83.5–93.5) at baseline vs 87.5
(83.0–91.0) at follow-up, P=0.06).
The corresponding author performed all anthropometric and hemody-

namic measurements.

Statistics
Statistical analyses were performed using SAS software (version 9.2,
SAS Institute, Cary, NC, USA). Results were reported as mean± s.d. or
median (interquartile range) dependent on whether data were normally
distributed.
Differences in measurements between baseline and follow-up were

investigated with paired Student’s t-tests or Wilcoxon signed rank tests
dependent on whether differences were normally distributed or not.
Differences in response rates between genders were investigated with a
χ2-squared test.
In linear regression analyses, we investigated whether measures of aortic

stiffness were related to age at baseline and follow-up. In mixed model
analyses, we tested whether the linear regression equations between
cfPWV and age at baseline and follow-up differed, in order to evaluate
whether a potential difference in the level of cfPWV at follow-up was
merely ascribed to the higher age, or whether gender and hemodynamic
differences (mean arterial pressure and heart rate) contributed.
We investigated whether changes in aortic stiffness were related to

changes in obesity measures using linear regression analyses. In multiple
regression analyses, the potential relationship between changes in obesity
measures and changes in cfPWV were adjusted for gender and baseline
confounders: age, mean arterial pressure, heart rate, the obesity measure
and cfPWV. The potential relationship between changes in obesity
measures and changes in AIx@HR75 were adjusted for gender and
baseline confounders: age, the obesity measure and AIx@HR75. In
additional analyses, the potential relationship between the constituents
of waist/height ratio (changes in both height and waist circumference) and
changes in AIx@HR75 were investigated. In order to pool data from the
two genders, we tested for a possible interaction of gender with the
explanatory variable of interest (the change in the obesity or anthropo-
metric measure).
The day-to-day repeatability of the aortic stiffness measures was

investigated with paired (one sample) t-tests for possible systematic
differences, Bland–Altman plots for possible differences in the magnitude
of the measurements and Pearson’s correlation coefficients as intraclass
correlation coefficients as indexes of reliability.
The year-to-year differences (day 1 minus day 2) vs the numeric day-to-

day differences (|day 2 minus day 3|) of the aortic stiffness measures were
investigated with paired Student’s t-test.

RESULTS
Characteristics of the study population
Seventy-two overweight and obese Caucasian patients (girls:
37 (51%)) were included in the present study. Median age was
12.5 (interquartile range: 11.2–14.6) years at baseline and the
follow-up time was 364 (363–371) days.
Initially, 104 patients (71% of invited patients) were investigated

at baseline and 74 patients (71% of patients investigated at
baseline) were evaluated at follow-up 1 year later. No data was
collected on reasons for patients dropping out. Two patients were
excluded from the analyses owing to either a chronic kidney
disease or onset of influenza symptoms at follow-up. None of
the remaining patients were diagnosed as having secondary
hypertension.
Eleven patients used medication: four due to asthma or allergy,

three for gastro-intestinal symptoms, two took hormonal supple-
mentation (one due to hypothyroidism taking a thyroid hormone
analog and one due to nocturnal enuresis taking a synthetic anti-
diuretic hormone), three used birth control medication and one
used a not-specified drug. Use of medication had not changed at
follow-up. Two patients were smokers throughout the study.

Changes in anthropometric and obesity measures
Fifty-three (74%) patients experienced a reduction in their BMI
z-score (responders) with no significant difference between
genders (girls 24 (64%) vs boys 29 (83%), P= 0.08). BMI z-score,
waist/height ratio and DXA total body fat percentage were
significantly lower at follow-up despite an increased height and
weight, and no change in BMI or waist circumference (Table 1).
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Changes in BPs and aortic stiffness
Clinic brachial and central systolic and diastolic BP’s in mmHg did
not differ between baseline and follow-up (Table 2). Likewise, no
change was found in clinic brachial diastolic BP z-scores between
baseline and follow-up, whereas clinic brachial systolic BP z-scores,
clinic brachial pulse pressure and central pulse pressure, as well
as cfPWV’s in m s− 1 and z-scores, were higher at follow-up.
No significant change was found for AIx@HR75.
In linear regression, cfPWV was equally related to age at

baseline (β= 0.13 m s− 1 per year, 95% confidence interval (CI)
0.08–0.18, R2 = 0.252, Po0.0001) and follow-up (β= 0.13m s− 1 per
year, 95% CI 0.07–0.19, R2 = 0.237, Po0.0001; Figure 1), and the
regression slopes did not differ in mixed model analysis (P= 0.97).
In further mixed model analysis, cfPWV was still strongly related to
age (β= 0.12m s− 1 per year, 95% CI 0.07–0.17, Po0.0001) but the
values were higher at follow-up (β= 0.17 m s− 1 higher at follow-
up, 95% CI 0.28–0.05, P= 0.005) when adjusted for heart rate
(β= 0.01m s− 1 per b.p.m., 95% CI 0.004–0.02, P= 0.005), mean
arterial pressure (β= 0.01 m s− 1 per mmHg, 95% CI 0.0009–0.03,
P= 0.04) and gender (β= 0.06 m s− 1 higher in girls, 95% CI − 0.15
to 0.27, P= 0.60). In this respect, the higher cfPWV at follow-up was
predominantly explained by the increase in age and partly by
changes in BP and heart rate.

AIx@HR75 was not related to age at baseline (β=− 0.62, 95% CI
− 1.71 to 0.47, R2 = 0.018, P= 0.26) or at follow-up (β=− 0.02, 95%
CI − 0.99 to 0.95, R2 = 0.00002, P= 0.97).

Associations between changes in obesity measures and changes
in aortic stiffness
Changes in cfPWV were not associated with changes in obesity
measures in linear or multiple regression analyses (Table 3).
Changes in AIx@HR75 tended to be linear associated with changes
in BMI z-score (β= 4.32, 95% CI − 0.71 to 9.35, R2 = 0.040, P= 0.09),
waist/height ratio (β= 48.01, 95% CI − 2.94 to 98.96, R2 = 0.048,
P= 0.06) and DXA total body fat percent (β= 0.57, 95% CI − 0.04 to
1.17, R2 = 0.058, P= 0.07). In multiple regression analyses, changes
in AIx@HR75 were associated to changes in waist/height ratio
(β= 50.32, 95% CI 6.67–93.97, P= 0.02, model: R2 = 0.430,
Po0.0001) and changes in DXA total body fat percent (β= 0.70,
95% CI 0.11–1.29, P= 0.02, model: R2 = 0.415, Po0.0001) but not
significantly to changes in BMI when adjusted for gender and
relevant baseline confounders.
Changes in AIx@HR75 were related to changes in waist in linear

(β= 0.36, 95% CI 0.02–0.70, R2 = 0.059, P= 0.04) and multiple
regression analyses (β= 0.36, 95% CI 0.08–0.64, P= 0.01, model:
R2 = 0.423, Po0.0001). Changes in AIx@HR75 were not related to

Table 1. Anthropometrics and obesity measures at baseline and follow-up

Baseline, N=72 Follow-up, N= 72 Difference (Δ) P-value

Mean± s.d. or median (IQR) Mean± s.d. or median (IQR) Mean± s.d. or median (IQR)

N (girls/boys) 37/35 37/35
Height (cm) 159.5± 11.6 164.5± 10.2 5.0± 3.5 o0.0001
Weight (kg) 66.7 (57.1–89.7) 72.1 (61.9–61.9) 4.1± 5.9 o0.0001
BMI (kgm− 2) 27.0 (24.0–31.7) 26.5 (22.8–32.0) − 0.08± 2.06 0.74
BMI z-score 2.75± 0.62 2.51± 0.87 − 0.24± 0.45 o0.0001
Waist (cm) 96.9± 15.0 97.2± 17.0 0.38± 6.61 0.63
Waist/height ratio 0.60± 0.07 0.58± 0.09 − 0.02± 0.04 0.004
DXA total body fat (%) 44.2± 4.7 41.0± 7.3 − 3.3± 4.3 o0.0001

Abbreviations: BMI, body mass index; DXA, dual energy x-ray absorptiometry; IQR, interquartile range. Data are presented in mean± s.d. or median (IQR).
Twelve (17%) patients at baseline and one (1%) patient at follow-up lacked a DXA scan, comparison of DXA total body fat percent is based on 59 (82%)
patients having a DXA scan at both baseline and follow-up.

Table 2. BP and aortic stiffness at baseline and follow-up

Baseline, N=72 Follow-up, N= 72 Difference (Δ) P-value

Mean± s.d. Mean± s.d. Mean± s.d.

Brachial systolic BP (mmHg) 110.7± 8.9 112.5± 8.1 1.9± 8.3 0.06
Brachial systolic BP z-score 1.50± 1.13 1.84± 1.00 0.33 0.0009
Brachial diastolic BP (mmHg) 62.1± 5.7 61.3± 6.2 − 0.8± 5.5 0.25
Brachial diastolic BP z-score 0.44± 0.61 0.44± 0.66 0.004± 0.49 0.94
Brachial pulse pressure (mmHg) 48.6± 7.9 51.2± 7.9 2.6± 6.5 0.001
Central systolic BP (mmHg) 93.2± 7.6 94.5± 6.6 1.3± 7.6 0.14
Central diastolic BP (mmHg) 63.1± 5.9 62.7± 6.1 − 0.5± 5.8 0.51
Central pulse pressure (mmHg) 30.0± 5.6 31.8± 5.8 1.8± 4.7 0.002
Heart rate (b.p.m.) 67.1± 9.7 65.3± 10.0 − 1.8± 8.4 0.08
AIx@HR75 − 1.03± 10.39 1.07± 9.15 2.10± 9.73 0.07
CfPWV (m s− 1) 4.84± 0.57 5.11± 0.60 0.27± 0.47 o0.0001
CfPWV z-scoresgender-age − 0.04± 0.80 0.19± 0.78 0.23± 0.71 0.007
CfPWV z-scoresgender-height − 0.26± 0.81 − 0.05± 0.78 0.21± 0.68 0.01

Abbreviations: Alx@HR75, augmentation index at heart rate 75; BP, blood pressure; cfPWV, carotid–femoral pulse wave velocity. Data are presented in
mean± s.d. Mean brachial BP in mmHg was calculated into BP z-scores in respect to an American standard population based on individuals’ gender, age and
height.12 CfPWV (m s− 1) was reported as mean of at least two measurements and calculated into z-scores according to an Hungarian–Italian–Algerian
standard population based on individuals’ gender and age, and gender and height.21
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changes in height in linear (β= 0.09, 95% CI − 0.57 to 0.75,
R2 = 0.001, P= 0.78) or multiple regression analyses (β= 0.46, 95%
CI − 0.31 to 1.24, P= 0.24, model: R2 = 0.377, Po0.0001). None of
the multiple regression models had an interaction with gender
and change in the obesity or anthropometric measure of interest.

Repeatability of aortic stiffness
The 25 patients (35% of the included patients) included in the
repeatability substudy did not differ at baseline in respect to
gender, age, height, weight and BMI z-score from those without
the repeatability measurements (data not shown).
CfPWV had no systematic difference (0.03 ± 0.36m s− 1,

P= 0.64), was not dependent on the magnitude of the cfPWV
measurement (Figure 2) and had an intraclass correlation
coefficient of 0.80 (Po0.0001) the 2 days in between. The year-
to-year difference of cfPWV was higher than the day-to-day
difference (0.25 ± 0.46m s− 1, P= 0.01).
AIx@HR75 had no systematic difference (−2.46 ± 7.19%,

P= 0.11), was not dependent on the magnitude of the
AIx@HR75 measurement (Figure 3) and had an intraclass
correlation coefficient of 0.68 (P= 0.0002) the 2 days in between.

No difference was found between the year-to-year difference and
the numeric day-to-day difference (−2.07 ± 13.31%, P= 0.45).

DISCUSSION
The present study suggests that weight reduction across 1 year
did not have a clear impact on aortic stiffness in obese children
and adolescents. In fact, cfPWV was higher at follow-up, although
changes in AIx@HR75 were associated with changes in abdominal
fat and also changes in total body fat percent. The higher cfPWV at
follow-up may be explained by the increased age and changes in
BP and heart rate, as cfPWV was equally related to age at baseline
and follow-up.
Previous studies have investigated associations between

obesity and aortic stiffness in children and adolescents.3–5

However, knowledge is lacking on the effect of weight reduction
on aortic stiffness.
There are methodological considerations when assessing aortic

stiffness noninvasively, as no validation studies exist in children
and adolescents. In adults, the distance measure of cfPWV is
validated in a magnetic resonance imaging study.15 We would not
expect systematic errors in the distance measure by the changing

Figure 1. Carotid–femoral pulse wave velocity (cfPWV) in relation to
age at baseline and follow-up.

Table 3. Relationship between changes in obesity measures and changes in aortic stiffness

ΔcfPWV ΔAIx@HR75

Unadjusted Adjusted Unadjusted Adjusted

ΔBMI z-score (N= 72) 0.08 (0.52) 0.08 (0.57)a 4.32 (0.09)a 3.33 (0.17)b

ΔWaist/height ratio (N= 72) − 0.62 (0.62) −0.73 (0.57)a 48.01 (0.06)a 50.32 (0.02)b

ΔDXA total body fat (%; N= 59) 0.01 (0.71) 0.006 (0.72)a 0.57 (0.07)a 0.70 (0.02)b

Abbreviations: Δ Alx@HR75, change in augmentation index at heart rate 75; BMI, body mass index; ΔcfPWV, change in carotid–femoral pulse wave velocity;
DXA, dual energy x-ray absorptiometry. Results are β-coefficients (P-values) of regression analyses of Δ aortic stiffness (outcome) in relation to Δ obesity
measure (explanatory variable), that is, ΔBMI z-score, Δ waist/height ratio or ΔDXA total fat percent. Unadjusted analyses are simple linear regression. Adjusted
analyses are multiple regression analyses. ΔcfPWV are adjusted for gender and baseline confounders: age, mean arterial pressure, heart rate, cfPWV as well as
the corresponding obesity measure, that is, the baseline measure of BMI z-score, waist/height ratio or DXA total fat percent. ΔAIx@HR75 are adjusted for
gender and baseline confounders: age, AIx@HR75 as well as the corresponding obesity measure. No interactions of gender with the obesity measure were
found in the multiple regression analyses. aDenotes a model trend: Po0.10. bDenotes a highly significant model: Po0.0001.

Figure 2. Bland–Altman plot of the day-to-day variability of carotid–
femoral pulse wave velocity (cfPWV; N= 25).
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degree of obesity at follow-up when using the same distance
method.5 Several normative populations have been established
for standardization of cfPWV into z-scores.21,23,24 All uses different
distance measures compared with the present study. The material
by Reusz et al.21 was chosen as cfPWV was obtained by
applanation tonometry, but the use of a different distance
measure possibly influence the accuracy of the calculated z-
scores, which might explain the observed difference between
baseline and follow-up.5 Another consideration is the day-to-day
variation of cfPWV and AIx@HR75 vs the expected long-term effect
of weight reduction on these parameters. CfPWV had a small daily
variation and was related to age, as also found in adults,25,26 rather
than to weight changes.
The general transfer function used in the computation of AIx

from the brachial BP is validated in adults in an invasive study.22

Invasive validation of central BP and AIx in children is generally
difficult.11 In healthy adults, the week-to-week variation of
AIx@HR75 is acceptable,27 as we also found for the day-to-day
variation. However, the day-to-day variation of AIx@HR75 did not
differ from the year-to-year variation, and AIx@HR75 did not
change at follow-up. Despite this variation and that no difference
in AIx@HR75 was found, a potential mechanism for the association
between changes in abdominal obesity (waist/height ratio) and
changes in AIx@HR75 could be the linkage between abdominal
obesity and resistance artery function.28–30

In adults aged 21–46 years, weight reduction after 6 and
12 months of lifestyle intervention was accompanied with a
reduction in cfPWV,31,32 but the changes in cfPWV were not
related to changes in weight.32 In these studies, the distance
measure of cfPWV was measured with tape by a subtracted
technique. This might lead to bias as a subtracted distance
measure overestimated the distance and hence the cfPWV at
baseline.5 Abdominal obesity likely contributes to this bias even
further when the distance is measured with a tape.33,34 Possibly,
a significant weight reduction can lead to a smaller subtracted
distance, when measured with a tape, and therefore a
decreased cfPWV.
Previous studies indicate that no damage to the central

vasculature exists in obese children and adolescents.3–5 In this
respect, it has been found that overweight children who recover

their normal weight have similar risk of cardiovascular outcomes
in adulthood, as individuals having a normal weight consistently
from childhood to adulthood.35

Contrary to expected,36 no reduction was found in clinic
brachial and central BP at follow-up despite the significant weight
reduction in the obese patients. However, not all patients were
responders, and recently we have found that the obese patients in
the present study have a relationship between changes in obesity
measures (BMI and waist/height ratio) and changes in 24-h BP.16

In the present study, the noninvasive measures of aortic stiffness
were obtained in the same resting conditions as the clinic brachial
BP. BP is closely related to aortic stiffness, and changes in BP are
related to changes in weight. In this respect, changes in BP could
be an indirect mechanism between changes in the obesity
measures and aortic stiffness. As the actual BP, that is, clinic
brachial BP, did not change, this might explain that no relationship
was found between changes in obesity and aortic stiffness.
The strengths of the present study are that patients experi-

enced a significant weight reduction similar to earlier published
treatment results of the Children’s Obesity Clinic—although still
obese at follow-up.17 Implications of the effect of the yearly aortic
stiffness measurements were evaluated in respect to the random
daily variation in a subsample of the patients. Patients were their
own controls and although few used medication and smoked a
potential bias herein will most probably have the same impact at
baseline and follow-up.
There are also limitations in the present study. First, ~ 30%

patients dropped out, and loss in statistical power made it difficult
to detect small differences between baseline and follow-up.
Second, no control group was included in the present study.
However, not all patients were responders, and the mixture of
patients reducing and gaining weight might have influenced
arterial stiffness differently. Nevertheless, no relationship was
found when changes in cfPWV were related to changes in obesity
measures, that is, evaluated as a continuum. Third, no puberty
and physical activity measures were collected, and these might
influence aortic stiffness.37 However, measurements were stan-
dardized into z-scores, enabling comparisons of estimates across
gender and age. Fourth, waist/height ratio is a composite measure
of waist and height. Hence, the association between this
composite measure and an outcome in a regression model might
merely be the effect of one of the composite constituents, that is,
either waist or height alone. Potentially, the association between
waist/height ratio and changes in AIx@HR75 was merely ascribed
to the higher height at follow-up, as waist did not change.
However, we found that changes in AIx@HR75 were related to
changes in waist but not to changes in height in separate
analyses. In this respect, changes in abdominal fat seem to
influence aortic stiffness when evaluated as AIx. Fifth, the
participants represent a selected population having a BMI z-score
42 for gender and age. Therefore, it is uncertain whether the
hemodynamic findings of the present study are applicable in a
more moderate overweight range.
In conclusion, our data suggest that no clear effect of weight

reduction was found on measures of aortic stiffness in obese
children and adolescents after 1 year of lifestyle intervention.
We found a higher aortic stiffness when assessed as cfPWV at
follow-up, which was partly due to the increased age and changes
in BP and heart rate. At the same time, an association between
changes in abdominal obesity and changes in AIx, as well as an
association between changes in total body fat percent and
changes in AIx were observed.
In perspective, it seems that no damage to the central

vasculature exists in obese children and adolescents.5,35 Early
treatment and prevention of childhood obesity should be
recognized because it might ameliorate increases in BP,16 and
most importantly, it can be introduced before irreversible damage
to the cardiovascular system occurs.35

Figure 3. Bland–Altman plot of the day-to-day variability of
AIx@HR75 (N= 25). AIx@HR75, augmentation index at heart rate 75.
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What is known about topic
● Aortic stiffness and obesity are independent risk factors of
cardiovascular disease.

● Obesity has been associated with reduced aortic stiffness in children
and adults until middle-age.

What this study adds
● Knowledge on the effect of weight reduction on aortic stiffness in
children and adolescents.

● This information about vascular stiffness in obese children may shed
light upon the pathophysiology of obesity associated elevated blood
pressure.
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