-

View metadata, citation and similar papers at core.ac.uk brought to you byﬁ CORE

provided by Sydney eScholarship

Purtell et al.: Autonomic Function in PWS
Clinical Endocrinology, 79(1): 128-133,2013

Postprandial cardiac autonomic function in Prader—Willi syndrome

Louise Purtell*’f, Arthur Jenkins*’i, Alexander Viardot*, Herbert Herzogt, Amanda
Sainsbury§, Arabella SmithY, Georgina Loughnan**, Katharine Steinbeck***j, Lesley
V Campbell*’1i and Lisa Sze§§

*Diabetes & Obesity Research Program, Garvan Institute of Medical Research, Sydney-Darlinghurst,
TNeuroscience Research Program, Garvan Institute of Medical Research, Sydney-Darlinghurst, £School of Health
Sciences, University of Wollongong, Wollongong, §Sydney Medical School, The University of Sydney, Sydney,
YDepartment of Cytogenetics, The Children’s Hospital, Westmead Clinical School, Westmead,**Prader-Willi
Syndrome Clinic, Department for Metabolism and Obesity, Royal Prince Alfred Hospital, Sydney-Camperdown,
TfAcademic Department of Adolescent Medicine, University of Sydney, Sydney, #:Department of
Endocrinology, St Vincent’s Hospital, Sydney-Darlinghurst, NSW, Australia and §§Division of Endocrinology
and Diabetes, Kantonsspital St. Gallen, St. Gallen, Switzerland

Summary

Context

Individuals with Prader-Willi syndrome (PWS) have a high cardiovascular risk, the mechanism
of which is unclear. There may be dysfunction in the autonomic nervous system (ANS) in PWS.
Objective

To measure, as indicators of cardiac autonomic function, postprandial heart rate variability
(HRV) and arterial stiffness in adults with PWS.

Methods

Ten adults with PWS were compared with 11 matched healthy obese subjects and 9 healthy lean
subjects. Electrocardiographic traces and arterial stiffness were recorded over a period of

10 minutes at -60, 0, 30, 60, 120 and 240 minutes after consumption of a standardized 600-kCal
breakfast. Frequency domain analysis was performed using fast Fourier transform to estimate
power spectral density in the full spectrum and in low-frequency (LF 0-04-0-15 Hz) and high-
frequency (HF 0-15-0-40 Hz) bands.

Results

ANCOVA revealed a reduced LF HRV meal response in adults with PWS compared with obese
controls, with no differences in HF HRV, LF/HF ratio, heart rate, total power or arterial stiffness
meal responses.

Conclusions

This study assessed cardiac autonomic function in adults with PWS compared with matched
obese and lean subjects in response to a meal. Results suggest impaired postprandial ANS
responsiveness in PWS, which could contribute to both the known increased cardiovascular risk
and obesity.

Introduction

Prader-Willi syndrome (PWS) is the most common genetic form of obesity with a prevalence of
1:25 000-1:27 000 live births.[1, 2] It is presumed that this imprinting disorder of chromosome
15 results in dysfunction of several hypothalamic centres. Characteristic syndromic features
include hyperphagia, intellectual disability, behavioural abnormalities and endocrine disorders
such as growth hormone (GH) deficiency, hypogonadism and hypoinsulinaemia.

Obesity appears to be the main cause of increased morbidity and early mortality in
individuals with PWS, who are at high risk of cardiovascular disease[3] despite reported lower
visceral fat tissue[4] and increased insulin sensitivity compared with healthy obese subjects.[5]

Computer-assisted analysis of heart rate variability (HRV), the variation in the interval
between pulses, can detect alterations in the autonomic nervous system (ANS) which have been
associated with obesity. However, it is still unclear whether obesity itself causes these
impairments or whether an autonomic disorder is partly responsible for obesity.[6]

Diminished activity of the parasympathetic nervous system has been postulated in PWS
by DiMario et al. based on the measurement of pupillary reactions,[7, 8] while results of
measures of autonomic cardiac activity have been inconsistent.[9, 10] Further investigation is
warranted, because impaired vagal activity is associated not only with increased mortality[11]
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but also with the absence of hormone- or gastric distension-induced satiety in rats.[12-14] If
such a disturbance is demonstrable, it could suggest a novel target for future therapies for PWS
such as vagal nerve stimulation.[15]

Vascular function, assessed by arterial stiffness, is an independent predictor of total and
cardiovascular mortality.[16] Patel et al. described microcirculatory dysfunction in PWS
individuals but, compared with lean controls, reported no difference in fasting large arterial
stiffness.[17] We have previously found fasting arterial stiffness in PWS and obese individuals to
be similarly elevated compared with lean controls.[18] Given that increased Alx has been
associated with GH deficiency,[19] a typical feature of PWS, this study will investigate whether
postprandial arterial stiffness differs between PWS and obese individuals.

In most studies, PWS subjects have been matched with controls using body mass index
(BMI). This may not be sufficiently accurate, as individuals with PWS are known to have a higher
percentage of body fat and lower lean mass for a given BMI. To control for the contribution of
obesity itself to the features found in PWS, we intended to study PWS subjects matched not only
for BMI, but also for percentage of total body and central abdominal fat.

The aim of this study was to assess mechanisms of increased vascular risk in PWS by
measuring HRV and arterial stiffness in response to meal-stimulated hyperinsulinaemia in
comparison with both healthy obese and lean control subjects. By measuring HRV, differences in
ANS activity were investigated, which could contribute to hyperphagia and other typical features
of PWS. Furthermore, the evaluation of postprandial HRV response provides additional
information about the relationship between the ANS and obesity.

Methods

Subjects

Adult patients with genetically confirmed PWS were recruited from the Prader-Willi Syndrome
Clinic at the Royal Prince Alfred Hospital, Sydney, Australia. Obese and lean control subjects were
recruited by advertising in the local newspaper, hospital and research institute. The study was
approved by the Hospital Research and Ethics committee, and informed consent was obtained
from all participants and/or their parents/guardians. Three of the PWS participants had type 2
diabetes (T2D) (treated with metformin alone, metformin and gliclazide, and metformin and
Mixtard 30/70, respectively). Two obese controls had T2D (treated with metformin and
gliclazide, and metformin, sitagliptin and rosiglitazone, respectively). On the day of the study,
medications were withheld until study completion.

Study design

Subjects were required to fast from midnight before arriving at 8:30 a.m. at the Clinical Research
Facility, Garvan Institute of Medical Research. The study meal consisted of a standardized 600-
kcal breakfast (50% carbohydrates, 35% fat and 15% protein) of muesli, apple, banana, low-fat
milk and natural yoghurt, which was eaten within 20 min.

Anthropometry
Weight was measured in a hospital gown and height assessed by stadiometer. Body mass index
was calculated as body weight in kilograms divided by height in metres squared (kg/m2).

Dual-energy X-ray absorptiometry

Body composition was measured by dual-energy X-ray absorptiometry according to a three-
compartmental model comprising fat mass, lean tissue and bone mineral content (Lunar DPX;
GE-Lunar instrument, Madison, WI, USA). Total body fat was expressed as percentage of total
body mass and central abdominal fat as percentage of total abdominal soft tissue.

Biochemical measures

Whole-blood glucose was determined by the glucose oxidase method using an YSI glucose
analyser (model 2300 STAT PLUS 230V; YS], Inc., Yellow Springs, OH, USA). Serum insulin was
measured using a commercial radioimmunoassay (Linco, St. Charles, MO, USA).

Arterial stiffness and heart rate variability
Arterial stiffness and HRV were measured by SphygmoCor® (AtCor Medical, Sydney, NSW,
Australia) pulse wave analysis and heart rate variability system. Two baseline measurements of
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arterial stiffness and HRV were performed and averaged for analysis. Repeat measurements
were taken at 30, 60, 120, 180 and 240 min after the meal.

Central arterial pressures were derived from noninvasive measurement of radial pulse
waveforms using a highly sensitive transducer. Augmentation index (AIx) was used as measure
of arterial stiffness and calculated as follows: augmented systolic pressure (due to the reflected
wave by arterial walls) divided by the total pulse height x100%. As reported previously by our
group,[6] the day-to-day coefficient of variation for repeated fasting measurements of Alx on
four separate days is 5:3% in our hands. Values were adjusted for age, sex and heart rate
(75 bpm).

Heart rate variability was analysed according to the Task Force of the European Society
of Cardiology and the North American Society of Pacing and Electrophysiology.[20] ECG was
recorded over a period of 10 min at each time point, and only stable periods without ectopic
beats or missing data were used for analysis. Frequency domain analysis was performed using
fast Fourier transform with the Hamming window to estimate power spectral density. Total
power was divided into low frequency (LF 0-04-0-15 Hz) and high frequency (HF 0-15-0-40 Hz),
expressed in absolute values (ms2).

Upon spectral analysis, HRV can be reduced to two main components: low frequency
(LF; 0-04-0-15 Hz) and high frequency (HF; 0-15-0-40 Hz). While the HF component represents
parasympathetic activity, the LF component is a measure of both sympathetic and
parasympathetic activity. Thus, the ratio of LF to HF can be interpreted as an index of
sympathovagal balance.[20]

Statistical analysis
All analyses were performed using jmp (version 4.0.1; SAS Institute Inc., Cary, NC, USA). All HRV
data (total power, LF, HF and LF/HF) were analysed after natural logarithm transformation.
Effects of group on baseline (premeal, average of -60 and 0 min data) measures were assessed
by one-way anova. In preliminary analyses, effects of group on the HRV and Alx time course data
(30-240 min) were analysed by manova with a baseline covariate. No effects of time during the
meal were detected, and the time course data were therefore averaged over the period 30-
240 min to provide meal response data for the main analyses. Effects of group on HR, HRV and
Alx meal response data were analysed using ancova with baseline covariate. Pairwise between-
group comparisons were restricted to planned contrasts between PWS and obese groups.
Glucose and insulin meal responses were calculated as average postprandial values obtained
from areas under the curves (AUC, 0-240 min) using the trapezoidal rule, divided by time.
Glucose and insulin data were In-transformed for analysis. Differences in subject characteristics
between the PWS and obese groups were assessed using Dunnett's test. Two-way repeated-
measures anova was used to assess differences in baseline and meal responses between groups,
with repeats in time (baseline, average postprandial) and planned contrasts between PWS and
obese groups; residuals from all models were normally distributed (P > 0-05, Shapiro-Wilk W
test). Data are expressed as mean * standard error unless otherwise indicated. P-values <0-05
were considered statistically significant.

Fasting insulin and glucose were not different between groups (Fig. 2). There was no
difference between PWS and Obese in postprandial insulin response (Fig. 2a), although the PWS
group had a higher postprandial glucose response than Obese (P = 0.04; Fig. 2b).

Results

Baseline subject characteristics are summarized in Table 1. Ten adults with Prader-Willi
syndrome, 11 obese control subjects and 9 lean controls were recruited. Groups were matched
for age, sex and ethnicity, and PWS and obese groups were further matched for BMI. Percentage
total and central fat, systolic blood pressure and diastolic blood pressure were not different
between these two groups. Fasting glucose and HOMA-IR were unaffected by inclusion/exclusion
of subjects with T2D.

Heart rate, HRV and arterial stiffness are shown in Table 2 and Fig. 1. In PWS, obese and
Lean groups, HR increased after ingestion of the meal, with a peak at 60 minutes (data not
shown). There were no differences in HR meal response between groups (Fig. 1a).
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Table 1. Anthropometric characteristics

Prader-Willi

Lean Obese syndrome (PWS)

Age 289 + 13 329 £25 279 £+ 2.7

M/F 5/4 6/5 6/4

Height (cm) 168 + 3 168 £+ 2 155 + 4f
Weight (kg) 60 + 2 96 + 2 88 £ 7

BMI (kg/mz) 213 £ 05 343 £ 13 369 + 29

% Total Fat 269 £ 29 44-2 £+ 3-0 48-6 £+ 2-8

% Abdominal Fat 262 £ 19 46-4 + 24 46-3 £+ 24
Systolic BP (mmHg) 121 £7 125 £ 3 130 £ 7
Diastolic BP (mmHg) 63 + 2 69 £ 2 73 £ 2

Fasting glucose (mm) 44 4+ 01 49 £ 04 4.8 £ 02
Fasting insulin (pU/1) 8:6 + 06 151 £ 15 155 + 23
HOMA-IR 1.7 £ 01 35+ 07 34 £ 06

TP < 0-05 PWS vs obese (ANOVA).

There were no differences between groups in total HRV meal response (Fig. 1b).
Similarly, no differences were seen in the HF spectral band (Fig. 1d) or in LF/HF ratio (Fig. 1e).
PWS group had a reduced LF response compared with obese group (P = 0-01; Fig. 1c).

Arterial stiffness was strongly affected by group at baseline (P = 0-006; Table 2) but was not
different between PWS and obese groups. There were no differences between groups in Alx meal
response (Table 1F).

Discussion

This study demonstrated that while most parameters of cardiovascular and autonomic function
measured did not differ between PWS subjects and obese controls, a reduced LF meal response
was detected.

As the HF spectral band of HRV represents parasympathetic activity and there was no
difference in postprandial HF between PWS subjects and obese controls, our study suggests that
individuals with PWS have an adequate parasympathetic response to a meal stimulus.

LF HRV is not a direct metric of sympathetic activity; instead, it represents both parasympathetic
and sympathetic autonomic activities. However, as the HF HRV band showed parasympathetic
activity to be not different between groups, it is possible that the detected reduction in the LF
component in the PWS group may be largely due to an impairment in sympathetic meal
response.

Previously, Wade et al.[10] found no evidence of altered cardiac function in PWS during
orthostatic manoeuvres. In a 1994 study, DiMario et al.[8] detected a diminution in
parasympathetic activity, only based, however, on analysis of pupillary contraction. The current
study is the first to assess cardiac autonomic function in response to ingestion of a meal, which
may explain why this study differs from previous investigations.

Heart rate variability is a robust indicator of cardiovascular risk - it strongly predicts
mortality in postmyocardial infarction patients.[21] Considering that there is a well-documented
propensity towards cardiovascular morbidity in adults with PWS,[22-25] it is of note that we
detected no corresponding changes in total HRV, HF or LF/HF ratio. However, we postulate that
the reduced LF responsiveness we saw in the PWS group may be related to increased
cardiovascular risk.

We also found that another important cardiovascular risk factor, arterial stiffness,
remained elevated in PWS and obese individuals compared with lean controls. Our data suggest
that such changes in arterial stiffness accompany adiposity and are not a primary characteristic
of PWS itself. Further investigation will show whether arterial stiffness is improved in PWS
subjects receiving GH treatment.



Table 2. Baseline and meal cardiac autonomic parameters

Purtell et al.: Autonomic Function in PWS
Clinical Endocrinology, 79(1): 128-133,2013

Prader-Willi

Units Period Lean Obese syndrome (PWS)
HR bpm Baseline 63-0 £ 2:6 66-4 + 3.7 64-7 + 3-0
Meal* 699 + 34 71-5 + 31 72-1 + 28
Heart rate variability ms>f Baseline 1710 (1426, 7133) 1726 (548, 4536) 3095 (432, 12477)
Meal* 1648 (865, 3161) 1122 (342, 3505) 1076 (305, 5217)
Low-frequency (LF) msz'{r Baseline 1248 (558, 2949) 1011 (243, 2171) 656 (201, 2229)
Meal 1658 (964, 2388) 583 (495, 2014) 470% (188, 1083)
High-frequency (HF) mszT Baseline 587 (412, 2478) 441 (88, 1725) 534 (108, 2004)
Meal 492 (257, 1365) 496 (94, 876) 285 (88, 908)
LF/HF Baseline 0-49 + 0-23 0-86 + 0-25 0-51 + 0-18
Meal 1-11 + 0-21 1:27 + 0-26 0-73 £+ 0-20
Alx Baseline§ 2:3+£22 16-0 £ 2-5 17-1 £ 33
Meal* —24 + 35 113+ 3 16:0 + 29
*Meal effect (P < 0-01, RM MANOVA).
tData presented as median (interquartile range).
TPWS vs obese (P < 0-01, ANCOVA).
§Effect of group at Baseline (P < 0-05, ANOVA).
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The mechanism behind ANS changes in PWS is unclear. As postprandial insulin levels are
similar between obese and PWS individuals, as well as fasting HOMA-IR (an approximate
measure of insulin resistance), it is unlikely that detected differences in HRV are secondary to
differences in glucose homeostasis. Further, despite evidence for an association between insulin
resistance and ANS activity via postprandial thermogenesis,[26] this is unlikely to account for
differences between the similarly insulin-resistant obese and PWS groups in the current study.

As well as being linked with cardiovascular function, measures of HRV have also been
studied in the context of appetite regulation, an area of obvious interest and relevance in PWS.
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Green et al.[27] found an association between eating disorders and autonomic dysfunction, while
Harthoorn and Dransfield assessed the influence of sympathovagal balance on perceived
satiety.[28]

There is evidence for the existence of a sympathetic feedback system on food intake.
Rodent studies have shown a robust inverse relationship between food intake and sympathetic
activity.[29] Further, a reduction in activity of sympathetic nerves was seen during 24- and 48-
hour starvation.[30] Findings in human studies have been less conclusive when assessed by
measurement of plasma noradrenalin levels or muscle sympathetic nerve activity (MSNA),
although MSNA has been found to increase after glucose ingestion.[31] However, an inverse
relationship has been shown between sympathetic activity and body fat.[32]

[t is unclear whether, or to what extent, autonomic function affects appetite or satiety in PWS.
PWS hyperphagia, although most likely having multifactorial influences, is strongly driven by
high ghrelin levels throughout life.[33-38] However, our results show that sympathetic factors
could also contribute. It may be that the decreased LF meal response reflects a failure of
individuals with PWS to activate sympathetically mediated postprandial satiation to the same
extent as control subjects.

Changes in sympathetic nervous system (SNS) activity have also been implicated in
animal models of PWS. The NDN gene encoding for the protein necdin is inactive in individuals
with PWS. Necdin plays a role in the terminal differentiation of neurons, and it has been shown in
ndn-null mice that formation of sympathetic chain ganglia as well as axonal extension may be
impaired throughout the SNS.[39]

In conclusion, we studied postprandial autonomic function in PWS for the first time. While we
confirmed greater arterial stiffness postprandially consistent with obesity, we also suggest an
impaired sympathetic meal response specific to PWS, which may contribute further to the
increased cardiovascular risk and appetite dysregulation in this syndrome.
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