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Blood pressure, sympathovagal tone, exercise capacity and
metabolic status are linked in Turner syndrome
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Abstract
Objectives: We studied cardiac autonomic changes in relation to metabolic factors,
body composition and 24‐hour ambulatory blood pressure measurements in Turner
syndrome patients without known hypertension.
Design: Cross sectional.
Patients: Participants were 48 TS women and 24 healthy female controls aged over
18 years.
Methods: Short‐term power spectral analysis was obtained in supine‐standing‐su‐
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of heart rate response to standing up, heart rate response to deep breathing and
work was used to calculate the maximal aerobic power (VO2max).
Results: We found a significantly higher mean reciprocal of the heart rate per second
(RR) in TS. Testing for interaction between position and status (TS or control), there
were highly significant differences between TS and controls in high‐frequency (HF)
power, the coefficient of component variation (square root of HF power/mean RR)
and low‐frequency (LF): HF ratio, with a dampened decline in vagal activity among TS
during standing. Bedside test showed TS had a significantly higher diastolic BP in the
supine position compared to controls, and the adaptive rise in BP, when changing to
upright position was reduced. VO2max and self‐reported level of physical activity were
significantly correlated to systolic ambulatory blood pressure both 24‐hour and night
diastolic ambulatory blood pressure.
Conclusion: Vagal tone and modulation of the sympathovagal balance during altera‐
tion in body position are impaired in TS. These changes can be risk factors for cardio‐
vascular disease.
KEYWORDS

autonomic nervous system, biomarkers, blood pressure, heart rate, physical conditioning,
human
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1 | I NTRO D U C TI O N

149

All trial participants were admitted to the research laboratory
at 8 am after an overnight fast (10 hours (h)). Body weight was mea‐

The new international guidelines on Turner syndrome (TS)1 recom‐

sured to the nearest 0.1 kilogram (kg) on an electronic scale, and

mend thorough cardiovascular evaluation of all women with TS, due

body height was measured to the nearest 0.5 cm with participants

2

to a very high frequency of congenital malformations, a high fre‐

barefooted. Information on the age at menarche, age when exog‐

quency of early onset hypertension and an increased cardiovascular

enous oestrogen was introduced (oral 17‐β oestradiol in all cases),

morbidity and mortality.4,5

age at premature menopause and duration of hormone replacement

3

The risk of hypertension in TS is increased already at a young

therapy (HRT) was registered, enabling summation of total oestro‐

age and later in life as many as 50% have hypertension when as‐

gen exposure (in years). Years of oestrogen insufficiency was esti‐

sessed by 24‐hour AMBP. Several studies have evaluated blood

mated as the number of years between the age of 13 and 53 years,

pressure (BP) levels in TS and consistently found elevated BP lev‐

where participants were not receiving HRT and had no spontaneous

els early in life with a frequent presence of nondipping hyperten‐

menstrual bleedings.

6

sion.

7,8

A reduced nocturnal BP dip (nondipping) can be a sign of

impairment of the physiological increase in parasympathetic tone
and a decrease in sympathetic tone during sleep. Cardiac auto‐
nomic neuropathy has in other study populations been associated
with several components of the metabolic syndrome9,10 as well as
11

increased cardiac mortality in diabetic patients,

and in patients

with cardiovascular disease.12

2.1 | 24‐Hour ambulatory blood pressure
measurements
Twenty‐four‐hour AMBP was measured by Spacelabs, 90207 using
an oscillometric technique. An appropriate cuff size placed on the
left arm was used and readings were obtained every 20 minutes

Impaired sympathovagal tone, suggestive of discrete autonomic

(min). Day‐ and night‐time was set according to diary registered

cardiac neuropathy, has been found in a small group (n = 8) of nor‐

bedtime and get‐up time. The degree of nocturnal systolic BP fall

motensive women with TS, as well as dysregulation of the sympa‐

was calculated by dividing the difference between AMBPsys day and

thetic nervous system.13 The present study was initiated with the

AMBPsys night with AMBPsys day.

7

aim of understanding the frequent occurrence of high BP and altered
autonomic innervation of the heart in TS. We studied cardiac auto‐
nomic changes in relation to metabolic factors, body composition and
24‐hour AMBP in a much larger group of TS women without known
hypertension.

2.2 | Short‐term spectral analysis of heart rate
variability—supine and upright
The autonomic tests were performed after 10:00 am in a quiet room
with subdued lighting, between 20 and 22°C, with only the patient

2 | M ATE R I A L S A N D M E TH O DS

and the laboratory technician who conducted the examination
present. Patients had to refrain from smoking, eating and drinking
2 h before the examination. After resting in the supine position for

The TS women were a subgroup of 75 participants from a prospec‐

15 min, the reciprocal of the heart rate per second (RR) intervals was

tive study evaluating aortic dimensions by magnetic resonance im‐

measured using an online telemetrical transmitter (VariaPulse TF3;

aging (MRI).14,15 TS was verified by karyotyping (45, X: n = 41 (55%);

Sima Media Olomouc).

other karyotypes: n = 34 (45%)). From this group, 27 women with
TS and pre‐existing hypertension were excluded. The resultant 48
women with TS were without known nonpharmacologically or phar‐

2.2.1 | Spectral analysis

macologically treated hypertension, prior to inclusion in the study,

Short‐term power spectral analysis was obtained in three positions

and they all had a clinic BP < 140/90 mm Hg and a normal resting

(supine‐standing‐supine), each of at least 5‐min duration, resulting

ECG. None of the participants had either symptoms or had any his‐

in 3x 256 artefact‐free heartbeats. In addition to automatic filter‐

tory of autonomic dysfunction. Twenty‐four healthy control women

ing (using a recognition algorithm), each record was visually scruti‐

served as the control group.

nized for ventricular ectopic beats. For the calculations, a modified

Patients were included consecutively through the National

fast Fourier transformation (coarse graining) was used; this allows

Society of Turner Contact Groups in Denmark and the outpatient

the extraction of broadband nonharmonic noise, particularly con‐

clinic at the Department of Endocrinology, Aarhus University

taminating the lower frequencies.16 LF (0.05‐0.15 Hz, mediated

Hospital, Denmark. Participants were all aged over 18 years.

by the interaction of sympathetic and vagal activity, and strongly

Patients with malignant disease, clinically significant liver disease

influenced by baroreflex activity)17 and HF (0.15‐0.50 Hz, repre‐

and artificial heart valves, were excluded. As controls, 24 healthy

senting a pure estimate of vagal activity) power17 (expressed as

women (aged 43 ± 10 years, range: 25‐63) using no daily medication

natural log milliseconds squared) and frequency were determined.

(oral contraceptives accepted) were recruited through advertising.

The intra‐individual coefficient of variation of two measurements

The protocol was approved by the Aarhus County Ethical Scientific

performed within 1 week in our laboratory was 15.9% (LF power)

Committee (# 20010248).

and 11.3% (HF power). The coefficient of component variation
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TA B L E 1

Clinical characteristics of participants

2.2.2 | Bedside tests

TS (n = 48)

Control (n = 24)

Age (y)

35.0 ± 10.1

42.7 ± 10.4

0.002

Height (cm)

148.0 ± 7.2

168.2 ± 5.9

<0.001

Weight (kg)

56.6 ± 10.0

69.4 ± 7.3

<0.001

2

P‐value

These included three conventional cardiovascular reflex tests of
heart rate response to standing up (30:15 ratio), heart rate response
to deep breathing (inspiration‐expiration difference, average of two
measurements) and BP response to standing up. 20

BMI (kg*m )

25.9 ± 4.6

24.6 ± 3.2

BSA (m2)

1.49 ± 0.14

1.79 ± 0.09

0.2

Waist (cm)

79.1 ± 9.9

82.0 ± 9.5

Hip (cm)

95.2 ± 8.4

104.3 ± 6.1

<0.001

Resistance and impedance were measured, and total body water

WHR

0.83 ± 0.06

0.79 ± 0.06

0.003

(TBW), fat mass (FM), and fat‐free mass (FFM) were calculated using

VO2max mL
O2*kg−1*min−1

37.8 ± 10.5

38.1 ± 12.4

0.8

Physical activity
(self‐reported)

2.5 (0‐6)

3.5 (2‐6)

0.002

Fat mass (kg)

15.1 ± 7.5

17.6 ± 5.5

0.1

Fat mass (%)

25.6 ± 9.0

25.1 ± 5.7

Fat‐free mass (kg)

41.5 ± 4.7

51.8 ± 4.5

Fat‐free mass (%)

74.3 ± 9.2

74.9 ± 5.7

0.8

Systolic

119.4 ± 13.7

115.0 ± 9.4

0.2

Diastolic

75.6 ± 11.4

72.5 ± 7.3

0.2

Systolic

125.1 ± 14.2

121.3 ± 9.5

0.2

Diastolic

80.4 ± 11.7

78.3 ± 7.9

0.4

<0.001
0.2

0.8
<0.001

AMBP 24 h (mm Hg)

AMBP day (mm Hg)

AMBP night (mm Hg)

2.3 | Body composition

bioelectrical impedance (Body Impedance Analyzer BIA 101/S;
Akern).21

2.4 | Maximal oxygen uptake and questionnaire
concerning physical activity
2.4.1 | Maximal oxygen uptake
A 6‐min submaximal exercise test with continuous monitoring of
heart rate was performed on a bicycle ergometer (Monark Ergometric
829 E; Monark Exercise) using a workload of 300‐1200 kpm/min,
depending on age and reported physical activity by the subject. The
mean heart rate during the last 2 min of work (>120 beats/min) was
used for calculation of VO2‐max, 22 which in our hands previously has
been shown to have a day‐to‐day intra‐individual coefficient of var‐
iation of 9%. 22 This indirect measure of VO2‐max correlates well with

Systolic

108.4 ± 13.8

102.3 ± 11.2

0.06

Diastolic

67.1 ± 11.7

60.3 ± 6.9

0.01

Systolic

0.87 ± 0.06

0.84 ± 0.05

0.8

Diastolic

0.83 ± 0.07

0.77 ± 0.05

<0.001

Heart rate day

81.1 ± 9.0

73.8 ± 13.5

0.003

Heart rate night

69.7 ± 8.5

60.4 ± 10.2

<0.001

Heart rate night/
day ratio

0.86 ± 0.060

0.071 ± 0.081

Night/day ratio

0.03

Note. Baseline data of participants and control subjects. AMBP
represents average values of 24‐h ambulatory blood pressure
registration. Values are mean ± standard deviations.
Abbreviation(s): AMBP, ambulatory blood pressure; BMI, body mass
index; BSA, body surface area; VO2max, maximal aerobic capacity; WHR,
waist‐hip ratio.

a direct measure of VO2max, with a coefficient of variation of <10%.

2.4.2 | Physical activity
Participants were interviewed concerning their level of daily activity,
during work, leisure and sports; the results were quantified using a
questionnaire as described; and a combined index of physical activ‐
ity is presented.3

2.5 | Biochemical analyses
Fasting plasma glucose was measured in duplicate on a Beckman
Glucoanalyzer by the glucose oxidase technique (Beckman
Instruments, Palo Alto, CA, USA). Plasma lipids and triglycerides
were measured using an automated commercially available sys‐
tem (Aeroset, Abbott Diagnostics, Abbott Park Laboratories).

(square root of HF or LF power/mean RR) (CCVHF and CCVLF, re‐

The coefficient of variation was <5%. Haemoglobin A1c (HbA1c)

spectively) was calculated for the two components. This param‐

was measured by commercially available high‐performance liquid

eter accounts for a possible impact of the mean RR level on the

chromatography. Hepatic enzymes were determined on a Cobas

amplitude of the HF and LF component.18 The distribution of the

INTEGRA (Roche).

power and central frequency of LF (0.05‐0.15 Hz) and HF (central
frequency of HF) power (0.15‐0.50 Hz) were assessed. The LF:HF
ratio is considered an indicator of sympathovagal balance.19 In ad‐

2.6 | Statistical methods

dition, the mean RR interval was calculated (the reciprocal of the

All statistical calculations were done using SPSS 15.0. Normality of

heart rate per second).

the data was tested with Shapiro‐Wilk test of normal distribution. To
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TA B L E 2
controls

Glucose and lipids in TS and

TS (n = 48)
Fasting glucose

a

HbA1cb

Control (n = 24)

151

P‐value

5.4 ± 1.9

5.0 ± 0.6

0.3

0.053 ± 0.008

0.055 ± 0.004

0.4

Cholesterol (mmol/L)

5.2 ± 1.1

5.0 ± 1.0

0.3

HDL‐cholesterol (mmol/L)

2.0 ± 0.6

1.6 ± 0.4

0.01

LDL‐cholesterol (mmol/L)

2.9 ± 1.0

2.9 ± 1.0

0.8

Triglyceride (mmol/L)

1.0 ± 0.7

0.9 ± 0.4

0.6

Note. Values are mean ± standard deviations. HbA1c, haemoglobin A1c.
Please note that glucose and HbA1c values were not available on all TS participants (an = 35;
b
n = 36).

examine the correlation between parameters, Pearson or Spearman

(n = 16) compared to tricuspid aortic valves (n = 32), nor when looking at

correlation test was used as appropriate. Spectral analysis data

45, X individuals compared to TS with other karyotypes.

were analysed by two‐way analysis of variance (ANOVA). For this,
ANOVA (general linear model, SPSS) was used to study the influ‐
ence of changes in measures derived from spectral analysis as a re‐
sult of changes in the position of the body (supine‐standing‐supine).

3.3 | Short‐term spectral analysis of heart rate
variability

The interaction term ‘position (supine‐standing‐supine) * status

In the supine, the standing and the resumed supine position, there

(TS or control)’ was considered the term of interest. Because age

was a significant difference between TS and controls in mean RR

is known to influence heart rate variability measures, we repeated

(indicating a higher heart rate in TS), whereas in the upright posi‐

the ANOVA model with age as explanatory covariates in the latter

tion there were significantly higher levels of HF power, CCVHF and

ANOVA model, but this did not change the outcome significantly.

a resultant lower LF:HF ratio in TS (Table 3 and Figure 1). When

Multiple backward stepwise linear regression models were con‐

testing for repeated measurements (ie, testing for the interaction

structed to examine the principal determinants of the autonomic

between position and status [TS or control]), there were highly sig‐

variables, where independent variables were omitted from the

nificant differences between TS and controls in HF power, CCVHF

model when P > 0.1. P‐values <5% were considered significant.

and LF:HF ratio, with a dampened decline in vagal activity (ie, HF
and CCVHF) among TS during standing. Likewise, when testing for

3 | R E S U LT S
3.1 | Metabolic parameters

repeated measurements we found a highly significant difference in
RR TS had a much higher pulse in the supine condition but did not
experience a comparable increase in pulse (ie, decrease in RR) during
standing, but a return to similar values upon resuming the supine

This TS population consisted of 25 women with 45, X (52%), vs

position. Also, the HF and the CCVHF response was significantly dif‐

other karyotypes in 23 cases (48%) (N = 48). No TS women had sig‐

ferent when tested by ANOVA (Table 3). No difference between TS

nificant congenital heart disease (ie, coarctation of the aorta, cor‐

and controls was found in the LF band or in CCVLF. When separat‐

rected aortic arch obstruction or minor arch anomalies); however,

ing the TS group in two, depending on karyotype (45, X or other), no

16 women had a bicuspid aortic valve and the remaining a tricuspid

significant difference was found in heart rate variability parameters

valve. The TS women and controls were comparable regarding body

between the subgroups.

mass index (BMI), measures of body composition (FM (%) and FFM
(%)) and VO2max, while waist‐hip ratio (WHR) was higher in TS and
age was lower (Table 1). No clinically significant differences were
found in metabolic variables such as glucose, HbA1c and lipids (total
cholesterol, HDL, LDL and triglycerides; Table 2). Glucose and lipid
parameters, WHR, FFM and FM (%) were not different between TS
who were or were not receiving HRT at the time of the study visit.

3.4 | Regression analyses among females with
Turner syndrome
3.4.1 | 24‐hour blood pressure and heart rate
Among TS, there was no correlation between AMBP and body size
(weight, BSA, BMI or WHR). Both VO2max and self‐reported level of phys‐

3.2 | Blood pressure
Daytime AMBP was similar in TS and controls, while nocturnal AMBP

ical activity were significantly correlated to systolic AMBP both 24 h and
night (VO2max: AMBPsystolic 24 h: R = −0.24, P = 0.05; AMBPsystolic night:
R = −0.32, P = 0.008) and night diastolic AMBP (VO2max: AMBPdiastolic

was elevated in TS leading to an increased night/day diastolic ratio.

night:

Heart rate was significantly increased in TS both during day and night

VO2max and heart rate both day and night (heart rateday: R = −0.38,

R = −0.31, P = 0.01). Likewise, an association was found between

(Table 1). Other AMBP measures were similar in the two groups. AMBP

P = 0.002; heart ratenight: R = −0.32, P = 0.007), while physical activity

was neither found to be different among TS with bicuspid aortic valves

levels only correlated to the heart ratenight (R = −0.276, P = 0.006).
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TS (n = 48)

Control (n = 24)

P‐value (TS
vs C)

P‐value (ANOVA)*

0.003

TA B L E 3 Heart rate variability in
relation to position

Mean RR (s)
Supine

0.867 ± 0.129

1.04 ± 0.152

<0.001

Standing

0.720 ± 0.097

0.776 ± 0.123

0.02

Supine

0.874 ± 0.131

1.05 ± 0.149

<0.001

Supine

5.66 ± 1.30

5.81 ± 1.52

0.7

Standing

5.88 ± 1.22

5.91 ± 1.23

0.9

Supine

5.62 ± 1.32

5.88 ± 1.28

0.4

6.31 ± 1.54

6.74 ± 1.42

0.2

Standing

5.15 ± 1.50

4.39 ± 1.40

0.03

Supine

6.56 ± 1.55

7.03 ± 1.20

0.2

0.681 ± 0.619

0.575 ± 0.762

0.5

LF power (ln ms2)
0.9

2

HF power (ln ms )
Supine

0.02

CCVLF (ln)
Supine
Standing

0.973 ± 0.622

0.917 ± 0.568

0.7

Supine

0.653 ± 0.641

0.597 ± 0.633

0.7

1.01 ± 0.70

1.04 ± 0.69

0.8

0.611 ± 0.715

0.157 ± 0.650

1.12 ± 0.71

1.17 ± 0.57

0.8

103 ± 29

87 ± 32

0.0

0.96

CCVHF (ln)
Supine
Standing
Supine

0.046

0.007

cf LF (mHz)
Supine
Standing

88 ± 24

81 ± 29

0.3

107 ± 29

94 ± 28

0.1

227 ± 52

233 ± 67

0.6

Standing

211 ± 56

205 ± 53

0.6

Supine

237 ± 52

242 ± 71

0.7

‐0.649 ± 1.20

‐0.938 ± 1.09

0.3

Supine

0.6

cf HF (mHz)
Supine

0.8

Ratio LF: HF (ln)
Supine
Standing
Supine

0.726 ± 1.19

1.53 ± 1.10

‐0.937 ± 1.33

‐1.143 ± 1.11

0.002

0.02
0.3

Note. Values are mean ± standard deviations.
Abbreviation(s): cf LF/cf HF, the distribution of central frequency of low frequency/high frequency;
CCVLF/CCVHF, coefficient of component variation of low/high frequency power; LF/HF power,
low/high‐frequency power; ln, the natural logarithm; ms, milliseconds; RR, the reciprocal of the
heart rate per second.
*Analysis of variance (ANOVA) in Turner syndrome vs controls; P‐value is given for the interaction
term “position (supine–standing‐supine) *status (Turner syndrome or control)”.

3.4.2 | Heart rate variability

3.4.3 | Final regression models

LF power and HF power, CCVLF and CCVHF all correlated with

Based on these findings, models of multiple linear regression were

age (r = −0.39 to −0.47; P < 0.001 for all), while LF:HF ratio did not.

constructed with age, HbA1c, triglycerides, WHR, systolic AMBP

Even though HbA1c was only available in a subgroup of TS (n = 35),

and pulse as independent variables, and LF power, HF power, CCVLF

a consistent association was present between HbA1c and LF power,

and CCVHF consecutively as the dependent variables. In combined

HF power, CCVLF and CCVHF (r = −0.23 to −0.43; P < 0.001 to

analyses with both TS and controls, age, AMBPsystolic 24 h and status

P = 0.04). Associations to systolic AMBP, cholesterol and triglyceride

(being TS or control) were significant contributing covariates to the

were also present (data not shown).

change in HF power, LF power and CCVHF (results not shown).

|
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F I G U R E 1 Adaptation in heart rate
variability from supine to standing and
back to the supine position, with a
reduced response in TS. N = 48 for TS.
N = 24 for controls
Among TS alone, age, AMBPsystolic 24 h, triglycerides, and HbA1c

4 | D I S CU S S I O N

were determining for the change in LF and HF power (data not
shown). Adding VO2max to the model, we found that VO2max was of

The principal result of this study was a difference in markers of au‐

importance for HF power and CCVHF (HF power: r = −0.21‐0.39,

tonomic innervation and heart rate variability in TS compared to

P = 0.001‐0.06; CCVHF: r = 0.001‐0.32, P = 0.001‐0.03), but not LF

a control population. We have previously shown this at a smaller

power or CCVLF.

scale,7 and the present study supports and elaborates on these find‐

Oestrogen treatment and years with oestrogen insufficiency did
not have any influence on the results (data not shown).

ings. Here, we show that HF power and CCVHF, as well as mean RR
and the LF: HF ratio, are significantly changed in TS, despite only

154
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marginally higher BP during the night. These findings are indicative

oestrogen (and progestins) may be harmful, and oestrogen may be

of altered vagal tone of heart rate variability and may be part of the

necessary for maturation of the autonomic nervous system. Among

pathophysiology behind the frequent cardiac disease burden in TS. 23

postmenopausal women, hormone replacement therapy (HRT) has

Especially, the reduced change in HF power during the sequence su‐

been seen to attenuate heart rate variability, 25 but others have

pine‐standing‐supine suggests a reduced plasticity of the parasym‐

found favourable effects of HRT on heart rate variability. 26

pathetic system among females with TS. In addition, we show that
24‐hour heart rate is unequivocally increased in TS.

Hypertension is a widespread concern in the care of TS, 3,6
but may still be unnoticed or insufficiently treated. It is a major

Through life, cardiovascular mortality in TS is primarily associated

concern that the prevalence of hypertension is so high in an un‐

with congenital abnormalities, aortic dissection and ischaemic heart

selected group of women with TS despite young age and indepen‐

2

disease. However, in the general population, resting heart rate is asso‐
ciated with increased all‐cause and cardiovascular mortality,

24

dent of body weight. 6 This should lead clinicians to monitor BP in

and this

all TS at all ages very carefully and initiate treatment when neces‐

factor may also contribute to the increased mortality in TS. Especially,

sary. Taking the grossly increased risk of aortic dilatation and dis‐

the incidence of heart failure is not completely explained by the bur‐

section in TS into account, 27,28 treatment of hypertension should

den of ischaemic heart disease, and there may be an association be‐

be aggressive and sufficient. The aetiology behind hypertension

tween heart failure and heart rate variability needs to be investigated

among females with TS may thus be viewed as happening on a

further.4,5 Larger cohorts and follow‐up studies are warranted before

backdrop of altered sympathovagal tone, possibly due to congen‐

we can include heart rate variability in the overall risk assessment.

ital abnormalities of the wiring of the parasympathetic and/or the

Interestingly, we found a significant negative association between

sympathetic nervous system, frequent congenital malformations

VO2max and AMBP measures, including heart rate, reinforcing that also

of the left side of the heart and dilated branching arteries, 29 in‐

among females with TS it is beneficial to have a large aerobic capacity,

creased resting norepinephrine levels,13 while the renin‐aldoste‐

because this seems to positively impact both BP and heart rate.

rone system seems to be normal.7

In our earlier study on 8 women with TS, the differences were

Lipid levels were comparable to controls in the present study, as

in the LF band, which comprises a mixture of sympathetic and vagal

they are in most studies.8 However, elevated triglyceride levels have

activity. However, in that study there was a significant difference

been reported but could be a consequence of hyperinsulinemia and

in both systolic and diastolic night BP, with higher levels among TS,

obesity.30 Central obesity and an increase in visceral fat have been

even though all participants were normotensive.7 We also found

shown to be increased in TS,31 and even though an association was

night systolic and diastolic BP to be elevated among TS. In the

found to insulin levels in TS, insulin levels in TS did not differ from

present study, we found a defective vagal regulation of heart rate

controls in these studies.

variability, with a dampened response to postural change, which
was seen both not only as a changed HF power, but also as a signifi‐
cant difference in CCVHF, a measure of vagal activity where the in‐

5 | CO N C LU S I O N

fluence of heart rate has been removed. As a result, we also found
a significant difference in the LF:HF ratio, which can be viewed as

Vagal tone and modulation of the sympathovagal balance during al‐

a measure of sympathovagal balance or tone. We also found that

teration in body position are significantly impaired in TS. Night‐time

metabolic variables, such as the level of triglycerides and HbA1c,

diastolic blood pressure was also significantly increased in TS, which

influenced the observed differences in measures of sympathovagal

can be associated to the development of aortic dilatation.

tone, emphasizing that the metabolic state of individuals with TS
interlinks with the cardiovascular risk profile.
Age was an important predictor of all the measured variables of

AC K N OW L E D G E M E N T S

heart rate variability, and although TS and controls were not com‐
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pletely matched on age—the TS females being somewhat younger
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than the controls—heart rate variability was indeed quite abnormal
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among TS. Since heart rate variability decreases with age, the pres‐
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ent findings most likely tend to underestimate our results, as the
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The aetiology behind the defective vagal tone and the sympathova‐
gal balance in TS is not clear. Previously, we have suggested that it
may be mechanical in origin and be caused by the in utero changes
seen, with the developing lymph channels distension causing harm
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to the heart and great vessels and in such a manner mechanically
inducing congenital heart defects, 2 as well as the autonomous ner‐
vous system. The prolonged oestrogen‐deficient state that many
girls with TS go through before receiving substitution therapy with
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