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Abstract Patients with Turner syndrome (TS) have an
increased risk of cardiovascular morbidity. 29 TS and 25
healthy control subjects (CS) were included in the study.
We investigated body mass index, waist circumference,
fasting glucose and insulin, homeostatic model assessment
(HOMA) index, serum lipids, oral glucose tolerance test,
24-h ambulatory blood pressure (BP) monitoring, and
carotid intima-media thickness (CIMT) and compared
them with CS. 28 % (N = 7) of TS had insulin resistance
(IR), and 36 % (N = 9) had IGT. Mean systolic BP and
diastolic BP (DBP) dip were 7.24 +3.97 % and
11.84 &+ 6.2 %, respectively. CIMT was greater in TS than
in CS (p = 0.00). CIMT was correlated positively with
fasting insulin, HOMA index, and insulin-sensitivity check
index (r = 0.563, p = 0.015; r = 0.603, p = 0.008; and
r = 0.623, p = 0.006, respectively) and negatively with
fasting glucose-to-insulin ratio and DBP dipping (r =
—0.534, p = 0.022; r = —0.534, p = 0.00, respectively)
in the two groups combined. These results provide addi-
tional evidence for the presence of subclinical cardiovas-
cular disease and its relation to hypertension in TS. They
also indicate a significant relation between DBP dipping
and increased arterial stiffness. It is also important to note
that our findings show significant relationships between
insulin sensitivity and cardiovascular changes and
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underline the importance of insulin resistance for predict-
ing cardiovascular disease.
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Introduction

Turner syndrome (TS), first described in 1938, is the most
common sex-chromosome abnormality in female concep-
tions. TS is an important cause of short stature in girls and
primary amenorrhea in young women and is usually caused
by loss of part or all of an X-chromosome [25].

It has long been known that left-sided congenital cardiac
abnormalities are more prevalent in women with TS, and
recent studies have shown that these women have increased
mortality, primarily as a result of cardiovascular compli-
cations [18, 21] as well as several risk factors for ischemic
heart disease, including hypertension [6, 13], insulin
resistance [5, 23], and hyperlipidemia [5, 27].

Autopsy studies in adolescents and young adults docu-
ment that atherosclerosis begins in adolescence and that
traditional risk factors are associated with its development
[15].This emphasizes the importance of evaluating the
development of macrovascular changes in children and
adolescent patients with TS. Carotid intima-media thick-
ness (IMT) is a structural feature of the common carotid
artery (CCA). Increased IMT is a marker of early carotid
atherosclerosis and an independent predictor of an adverse
cardiovascular prognosis in the general population [20].
Based on this background, we designed a clinical study
aimed at evaluating the metabolic and cardiovascular
profile in a group of children with TS compared with a
group of age- and sex-matched normal healthy subjects.
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Subjects and Methods

From patients attending our endocrinology outpatient
clinic, 29 patients age 9-17 year were included in this
study. Twenty-five age- and sex-matched healthy female
adolescents served as a control group (control subjects
[CS]). The study was approved by the local Ethics
Committee.

All subjects were examined by the same physician.
Body weight (BW) and waist and hip circumferences were
measured by standard methods and devices. Waist-to-hip
ratio (WHR) was calculated for each subject. Body mass
index (BMI) was calculated by the following equation: BW
(kg)/height (m?).

Among the patients enrolled in the study, two patients
had autoimmune hypothyroidism, which was under
appropriate treatment with L-thyroxine at the time of the
study (leading to normal circulating TSH, free tri-iodo-
thyronine, and free thyroxine levels); 7 patients were under
oral 17b-estradiol treatment; and 8 patients had short stat-
ure and were treated with rhGH; they showed normal IGF1
levels at the time of the study. No patients were affected by
congenital cardiovascular disease or renal disease.

Biochemical Evaluation

Fasting blood samples were drawn in the morning, between
08:00 and 09:00 am, from all patients and CS. After an
overnight fast, venous blood samples were taken for
determination of serum glucose and lipid metabolism
parameters. Serum levels of glucose, insulin, triglycerides
(TG), total cholesterol (TC), high-density lipoprotein cho-
lesterol (HDL-C), and low-density lipoprotein cholesterol
(LDL-C) were determined in our biochemistry laboratory
using standard methods. In accordance with the values
given by the International Diabetes Federation for adoles-
cents, TG > 150 mg/dL was accepted as high, and HDL-
C < 40 mg/dL was accepted as low [31]. Oral glucose
tolerance test (OGTT) was performed for all subjects in the
TS group. For this test, the subjects ingested an oral dose of
1.75 g/kg (maximum 75 g) of glucose. Venous blood
samples were collected at 0, 30, 60, 90, and 120 min for
determination of serum glucose and insulin levels. OGTT
results were evaluated according to World Health Organi-
zation criteria [30].

The homeostasis model assessment of insulin resistance
(HOMA-IR), quantitative insulin-sensitivity check index
(QUICK-I), and fasting glucose-to-insulin ratio (FGIR)
were derived as estimates of insulin resistance. FGIR was
calculated as fasting insulin concentration (nWU/mL)/fasting
glucose concentration (mg/dL). HOMA-IR was calculated
as fasting insulin concentration (WU/mL) x fasting glucose
concentration (mmol/L)/22.5) [12]. Insulin resistance was
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defined as a HOMA-IR > 3.16 according to our previously
published data [10]. Hyperinsulinism was defined from
norms for pubertal stage: prepubertal > 15 mU/L and mid-
puberty (stages 2 through 4) > 30 mU/L [4, 30]. QUICK- I
was calculated as 1/[(log fasting insulin concentration
(wU/mL) 4+ log fasting glucose concentration (mg/dL)] [9].

BP Measurements

Clinic BP was measured three times at 1-min intervals,
using a mercury sphygmomanometer after subjects had
rested for at least 10 min. Clinical blood pressure (BP) was
calculated as the mean of the three measurements.
Hypertension was defined as clinical BP > the 95th per-
centile for age, sex, and height [14]. The subjects under-
went 24-h ambulatory BP (ABP) recording using a
Spacelabs 90207 ambulatory monitor (Spacelabs Medical,
Issaquah, WA).

Ambulatory hypertension was diagnosed when the
average ambulatory systolic blood pressure (SBP) or dia-
stolic blood pressure (DBP) for the period exceeded the
95th percentile BP on the basis of the subject’s sex and
height according to normative values for ABP [26]. BP
load was defined as the percentage of readings for a given
period that exceeded the 95th percentile for that individual.
Percent dipping was calculated for both average SBP and
DBP using the following formula: [(daytime BP—noctur-
nal BP)/daytime BP] * 100. Each subject was categorized
as a “dipper” (decrease in average SBP and DBP > 10 %
during sleep) or a “nondipper” (decrease < 10 %) [28].

Carotid Artery Ultrasonography

Longitudinal images of the common carotid artery were
obtained by combined two dimensional-mode and color
Doppler examinations. The IMT of the CCA far wall was
measured using the electronic calipers of the machines as
previously described [24]. On a longitudinal, echocardio-
graphic image of the carotid artery, the posterior wall of the
carotid artery was displayed as two bright white lines
separated by a hypoechogenic space. The IMT was asses-
sed at the far wall as the distance between the interface of
the lumen and intima (first echogenic line) and the inter-
face between the media and adventitia (second echogenic
line). The mean carotid artery IMT was calculated for each
child as the average of three consecutive measurements of
the maximum far wall thickness obtained from the com-
mon carotid artery 10 mm below the carotid bulb.

Statistical Analysis

For statistical analysis, the SPSS (version 16.0; SPSS,
Chicago, IL) package program was used. Categorical
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parameters are given as percent. Continuous variables (age,
BMI, BW, height, lipid panel, blood glucose, SBP and
DBP, and CIMT) are given with mean £ SD. These were
evaluated with Kolmogrov—Smirnov test to determine if
the data showed a normal distribution. The statistical
analysis was performed using Mann—Whitney U-test for
comparison between TS and CS. Correlations between
CIMT and fasting insulin, HOMA-IR, QUICK-I, FGIR,
and nocturnal dipping DBP were performed using Spear-
man correlation coefficient, and p < 0.005 was considered
statistically significant.

Results

A total of 54 children consented to participate in the study
(29 TS and 25CS). All of the study population comprised
Turkish subjects. In all TS patients, the diagnosis was made
in early childhood by the presence of short stature. The
clinical diagnosis of TS was based on peripheral leucocyte
karyotype analysis, and all subjects included in the study
had 45,X (18:), 46,X,i (Xq) or 45,X/46,X,i (Xq) (N:9);
45,X/46,Xr (n:1); and 46,XXp- or 46,XXq- (n:1).

The characteristics of the study population are listed in
Table 1. The groups were matched for age, sex and body
size. Patients with TS had a shorter height but the same
BMI as CS. Lipid profiles did not differ significantly

Table 1 Clinical characteristics of the study population

Characteristics

TS CS P

No. of patients 28 25

Age 124 £33 12.7 £ 29 0.822

Weight (kg) 3493 £ 15.12 45.04 + 12.98 0.010

Height (cm) 123.1 £ 29.2 153.2 £ 15.7 <0.01

Body mass index 19.6 £ 4.5 185+ 24 0.361
(kg/m®)

WHR 0.86 £ 0.07 0.88 £ 0.1 0.802

Total cholesterol 174.2 £ 30.07 162.4 £+ 28.1 0.247
(mg/dL)

Triglycerides 83.5 +28.2 100.36 £+ 56.8 0.388
(mg/dL)

LDL cholesterol 105.28 + 28.6 88.8 £ 28.1 0.113
(mg/dL)

HDL cholesterol 525 £ 145 48.15 + 14.27 0.341
(mg/dL)

Fasting glucose 90.6 + 7.1 88.4 £ 8.7 0.217
(mg/dL)

Fasting insulin 83+59 6.2 +5.1 0.131
(pU/mL)

FGIR 139 £ 7.6 22.6 + 14.85 0.083

HOMA-IR 1.8+ 12 137+ 1.3 0.089

QUICK-I 0.35 + 0.03 0.363 £+ 0.04 0.340

*p = 0.05 accepted as significant

between the groups. Mean fasting glucose, fasting insulin,
QUICK-I, HOMA, and FGIR index were similar in TS and
in CS, whereas 28 % (N = 7) of TS had IR, and 36 %
(N =9) had impaired glucose tolerance (IGT). The car-
diovascular parameters of the study population are listed in
Table 2.

Both the TS and CS group showed no significant dif-
ferences in terms of casual SBP and DBP. In all CS, 24-h
BP monitoring showed a normal profile with preserved
circadian variation. In TS, although 8 subjects (27 %) were
diagnosed to be hypertensive using casual BP readings,
only 4 (13.7 %) had ABP measurements >95 % for height
and sex.

Mean SBP and DBP dip were 7.24 £ 3.97 % and
11.84 £+ 6.2 %, respectively, with 7 study participants
(24.1 %) who had impaired SBP dipping and 5 (17.2 %)

Table 2 Cardiovascular parameters of the study population

Parameters TS CS )4
Clinic mean SBP (mm Hg) 118.1 +£259 1079 £ 12.7 131
Clinic mean DBP (mm Hg) 74.5 + 15.06 64.08 £ 11.2  0.35
Mean 24-h SBP (mm Hg) 1189 £ 154 1169 £ 19.6 0.26
Mean 24 h DBP (mm Hg) 69.3 £ 14.03 65.09 + 109 0.49
SBP load (%) 23.84 £ 5.78 5.62 + 145 0.325
DBP load (%) 18.20 £ 4.41 5.05+ 1.30 0.196
Nocturnal dipping
SBP (%) 724 £397 1059 £ 3.62 0.016
DBP (%) 11.84 £ 6.2 19.79 £3.97 0.00
cIMT (mm) 0.08 &+ 0.09 0.061 £ 0.009 0.00
40,00 - legend
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Fig. 1 Comparison of SPB and DBP nocturnal dipping
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who had impaired DBP dipping. Comparison of SPB and
DBP nocturnal dippings are shown in Fig. 1. We also
grouped the study population according to the degree of
nocturnal dipping; no difference was found between the
two groups for the anthropometric and metabolic variables.

CIMT was greater in TS than in CS (p = 0.00). Table 3
lists significant correlations between CIMT and other car-
diovascular risk factors in children with TS. CIMT was
correlated positively with fasting insulin, HOMA, QUICK-
I (r=20.563, p=0.015; r=0.603, p=0.008; and
r = 0.623, p = 0.006, respectively) and negatively with
FGIR and nocturnal dipping DBP (r = —0.534, p = 0.022
and r = —0.534, respectively, p = 0.00) in the combined
group. Correlation between CIMT and nocturnal dipping
DBP are shown in Fig. 2.

Discussion

Children with TS have a broad range of later health
problems, including an increased risk of cardiovascular
morbidity and mortality [6]. Consistent with this finding,

Table 3 Significant correlations between cIMT and other cardio-
vascular risk factors in children with TS

the results of our present study show that children with TS
are characterized by a higher prevalence of insulin resis-
tance, hypertension, IGT, and increased IMT compared
with age- and sex-matched normal subjects. The increased
insulin resistance, hypertension, IGT, and increased IMT in
children with TS may be an early step in the development
of atherosclerosis.

Glucose intolerance has been reported in both TS girls
and women, and type 2 diabetes is four times more com-
mon (relative risk = 4.4) [6] in addition to increased
mortality due to diabetes [22] and earlier onset than in the
general population. Caprio et al. [2] found insulin resis-
tance in girls with TS. Cicognani et al. [3] found IGT more
frequently in girls, most markedly in young girls, with TS
compared with CS. Other investigators documented IGT in
15 % of girls with TS [7, 29]. An early observation showed
that many adults with TS developed type 2 diabetes or
glucose intolerance [16]. In adolescents and adults, a large
proportion of TS patients exhibited IGT or overt type 2
diabetes during OGTT [3, 8]. In agreement with other
studies, we found impaired insulin sensitivity and abnormal
glucose response to OGTT. The lack of any correlation
between BMI or waist circumference and glucose tolerance
is in agreement with previous studies that showed a higher
frequency of type 2 diabetes mellitus and IGT in children

Risk factor p r with TS than in normal children independent of BMI [6].
Fasting insulin (nU/mL) 0.015 0.563 In agreement with other reports, we showed a higher
HOMA-IR 0.008 0603  Prevalence of hypertension in our patients. Furthermore,
QUICK-I 0.006 0.623 24-h ambulatory BP monitoring showed a loss of nocturnal
FGIR 0.022 —0.534 reduction in BP suggestive of a diagnosis of arterial
Nocturnal-dipping DBP 0.000 —0.641 hypertension in patients otherwise considered normotensive
by single ambulatory BP evaluation. The exact mechanism
Fig. 2 Correlation between
CIMT and nocturnal dipping 30,00
DBP
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of hypertension in TS has not been clearly identified: An
increase in plasma renin activity has been found in 50 % of
cases by some investigators, and normal vagosympathetic
tone, explaining relative tachycardia, has recently been
described [6]. Because hypertension is an important risk
factor for cardiovascular complications, it is important that
TS patients undergo 24-h ambulatory BP monitoring to
detect the presence of hypertension that would be missed by
a single BP measurement. In addition, using ambulatory BP
monitoring (ABPM) allowed us to show blunted DBP dip-
ping, which may represent one of the earliest abnormalities
in BP patterns in this TS cohort.

Dipping of BP during the night is a normal physiological
change that can be blunted by cardiovascular risk factors
and the severity of hypertension. In healthy individuals, BP
follows a circadian pattern. BP starts decreasing from late
evening onward, reaches a nadir around midnight, and
increases just after awakening in the morning. Dipping in
BP has been described in three windows of sleep: BP starts
decreasing in the vesperal window, reaches the plateau
level in the basal window, and increases in the pre awak-
ening window. This natural circadian variation may be
altered by certain metabolic and cardiovascular changes.
Decreased nocturnal dipping of BP can have profound
impact in the overall management of hypertension [11].

Because increased IMT is considered a precursor of
clinically detectable atherosclerosis and is associated with
higher cardiovascular risk, we also evaluated this param-
eter in our patients compared with CS. Measuring carotid
IMT with ultrasonography correlates well with pathologi-
cal measurements and is reproducible [19]. Increased car-
otid IMT is significantly related to known cardiovascular
risk factors and to carotid plaque, a more advanced ath-
erosclerotic lesion [1]. Pirgon et al. [17] performed studies
in children with type TS to investigate possible risks
compared with age-matched CS. They showed a significant
positive correlation between IMT and both LDL-C and
SBP as well as a negative correlation with HDL-C. In the
present study, the children with TS had significantly greater
CCA IMT values than CS. CIMT was correlated positively
with fasting insulin, HOMA, and QUICK-I and negatively
with FGIR and nocturnal dipping DBP in the combined
group.

Our study suffers from some limitations. First, the small
number of patients, as well as their heterogeneity, did not
allow us to draw definitive conclusions on morbidity.
Second, we were unable to correlate the type of karyotype
with the metabolic/cardiovascular profile because we
included different karyotypes and therapeutic regimens.

In conclusion, our results indicate that children with TS
are characterized by a higher frequency of insulin resis-
tance, hypertension and increased IMT suggesting an
increased cardiovascular risk. Our data underline the

importance of monitoring BP in children and adolescents
with TS. To provide early detection and management of
risk factors for cardiovascular complications, ABPM
should be considered in children and adolescents with TS.
On the basis of these considerations, in childhood cardio-
vascular risk factors should be regularly checked in the
follow-up of TS patients.
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