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Background and aim: Turner syndrome (TS) patients have an increased risk of weight gain and metabolic
syndrome. To date, it is unknown what factors are involved in this metabolic process, even though it is
recognized that TS patients are frequently born small-for-gestational age. The aim of this study was to
evaluate the correlation between lipid and glucose profiles with being overweight and birth weight and
length in TS patients.
Study design: This was a cross-sectional study.
Subjects and outcome measures: Serum glucose, insulin (HOMA-IR), total cholesterol, and triglycerides were
measured in 64 patients with TS. Data regarding birth weight and length and current body mass index (BMI)
were also evaluated.
Results: Total cholesterol showed a significant negative correlation with birth weight and a positive

correlation with BMI; triglycerides showed significant negative correlationwith birth weight and length and a
positive correlation with BMI; and HOMA-IR showed a significant negative correlation with birth weight and
length. Low birth weight and a high BMI were predictive for 28% of total cholesterol and triglycerides; and low
birth weight for 22% of HOMA-IR.
Conclusions: Lipid profile was correlated with a high current BMI and low birth weight and length in TS
patients and glucose profile only with low birth weight. Thus far, growth retardation may play a role in
metabolic derangements in this group of patients, being considered another example of fetal programming.

© 2011 Elsevier Ireland Ltd. All rights reserved.
1. Introduction

Obesity is a rapidly growing worldwide phenomenon that has
reached epidemic proportions in Western societies. Currently in the
United States, the adult population is equally divided as obese,
overweight, and normal weight, based on body mass index (BMI) [1].
In addition, the incidence of obesity among infants, children, and
adolescents is increasing at an alarming rate [1]. Along with the rise in
obesity rates, the risk of metabolic diseases such as type 2 diabetes,
cardiovascular disease, dyslipidemia, and hypertension is increasing
markedly [2].
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Recent important findings have shown that a diversity of factors,
especially nutritional insults in early life, which is considered a critical
period of organogenesis, is important in promoting adult obesity [3–
10] and predisposes to metabolic disorders. The pathogenesis of this
process includes mechanisms to maintain normal homeostasis in
order to guarantee survival, which involves altered development of
somatic structure and re-setting of physiological systems, a phenom-
enon known as metabolic programming [11]. In 1995, Barker
proposed that altered maternal intrauterine environment in humans,
secondary to maternal malnourishment, may result in permanent
changes in fetal target organs, and may predispose to the onset of
metabolic diseases in adulthood [12].

Turner syndrome (TS) is caused by partial or total monosomy of
the X chromosome. The most common features of TS are pre- and
post-natal growth retardation and gonadal dysgenesis. Additionally,
patients with TS have an increased risk for weight gain [13] and
metabolic syndrome, including dyslipidemia with elevated serum
triglycerides and cholesterol [14], impaired glucose tolerance and
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Table 1
Data (mean, SD, and range) of birth weight and length, current BMI, total cholesterol,
triglycerides, and HOMA-IR from 64 patients with Turner syndrome.

Mean±SD Range

Birth weight (g) 2800±450 1400–4240
Birth weight (SDS) −1.77±0.80 −3.95–0.78
Birth length (cm) 47.0±2.2 41.0–52.5
Birth length (SDS) −2.32±1.20 −6.08–0.33
Current BMI (kg/m2) 22.5±4.7 15.2–37.1
Current BMI (SDS) 0.16±1.21 0.43–3.80
Total cholesterol (mg/dL) 165±23 114–228
Triglycerides (mg/dL) 101±32 51–199
HOMA-IR 1.54±0.66 0.43–3.80

Table 2
Pearson's correlation coefficients between total cholesterol, triglycerides (in log10), and
HOMA-IR (in log10) with birth weight (in g and in SDS), birth length (in cm and SDS),
and current BMI (in kg/m2 and SDS) in 64 patients with Turner syndrome.

Total cholesterol Triglyceridesa HOMA-IRa

Birth weight (g) r=−0.291
p=0.02

r=−0.367
p=0.003

r=−0.483
pb0.0001

Birth weight (SDS) r=−0.291
p=0.02

r=−0.347
p=0.005

r=−0.476
pb0.0001

Birth length (cm) r=−0.207
p=0.10

r=−0.363
p=0.003

r=−0.445
pb0.0001

Birth length (SDS) r=−0.140
p=0.27

r=−0.303
p=0.01

r=−0.374
p=0.002

BMI (kg/m2) r=0.464
pb0.001

r=0.410
p=0.001

r=0.184
p=0.15

BMI (SDS) r=0.419
p=0.001

r=0.349
p=0.005

r=0.139
p=0.27

a Log10 transformation was performed to satisfy the assumption of normality.
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diabetes mellitus [15], and hypertension and ischemic heart disease
[16].

Patients with TS frequently present with low birth weight and
length [17]. Thus far height SD scores (SDS) in childhood are not
strictly dependent on the karyotype in TS patients [18]. However, it is
still unknown if low birth weight and length are associated with
obesity and metabolic syndrome in adult TS patients.

Therefore, the aim of this study was to analyze the association
between lipid and glucose profiles with current BMI, and birth weight
and length in TS patients.

2. Subjects and methods

This cross-sectional study included 64 patients diagnosed with TS
by chromosome analysis. All patients were recruited from Clinical
Hospitals of two Universities from …. This study was performed
according to the Helsinki declaration and was approved by the Ethical
Research Committee of … (166/02). Informed consent was obtained
from all participants and from parents of participants under 18 years
of age.

Chronological age ranged from 11 to 29 years (mean, 20.4±5.3 y)
no patient was treated with human recombinant growth hormone
(rhGH), and all had thyroid function within the normal range.

Only patients born at term and whose data regarding birth weight
and length could be obtained from birth certificates were selected for
study inclusion. Current weight and height were measured by a single
observer, and BMI was calculated as weight divided by height in
meters squared (kg/m2). Birth data (weight and length) and current
BMI were converted into respective standard deviation scores (z score
or SDS) using data from the National Center for Health Statistics 2000
of the Centers for Disease Control and Prevention.

Blood samples were collected in the morning, after a 12-hour
overnight fast. Serum was immediately separated and stored at
−20 °C. Glucose, insulin, total cholesterol, and triglycerides concen-
trations were measured in all patients. Glucose, total cholesterol, and
triglycerides were measured by colorimetric enzymatic method and
insulin by fluorimmunoassay. In order to establish insulin sensitivity,
glucose and insulin levels were used to calculate the homeostatic
model assessment insulin resistance (HOMA-IR) [20].

Statistical calculations were carried out using SPSS for Windows
version 16.0 (SPSS, Inc., Chicago, Illinois). Data were presented as
mean±SD. Each variable was examined for normal distribution, and
nonnormally distributed variables were log-transformed. A stepwise
multiple regression analysis was used to identify the relation between
the dependent (cholesterol, triglycerides, and HOMA-IR) and inde-
pendent variables (birth weight and length, and BMI); criteria for
entrywere set to probability at 0.05, and for exclusion at 0.10. Agewas
included in the model as a confounding variable. Model selection was
guided using the method of best subsets with the adjusted R2

selection criterion. Pearson's correlation coefficients were calculated
to assess the strength of linear relationships between pairs of
variables.

3. Results

The general characteristics of the 64 patients with TS are given in
Table 1. Birth weight ranged from 1400 to 4240 g (22 patients were
below−2.0 SDS); birth length from 41.0 to 52.5 cm (40 patients were
below −2.0 SDS); and current BMI from 15.2 to 37.1 kg/m2 (19
patients were above +1.0 SDS). Total cholesterol ranged from 114 to
228 mg/dL, triglycerides from 51 to 199 mg/dL, and HOMA-IR from
0.43 to 3.80. Current BMI was not correlated with birth weight
(r=0.01; p=0.93) or birth length (r=−0.11; p=0.37).

The values for total cholesterol were normally distributed.
However, triglycerides and HOMA-IR had skewed distribution, and a
log10 transformation was performed to satisfy the assumption of
normality for these variables.

Pearson's correlation coefficients are given at Table 2. Total
cholesterol showed a significant negative correlation with birth
weight and a positive correlation with BMI; triglycerides had a
significant negative correlation with birth weight and length and a
positive correlationwith BMI; and HOMA-IR had a significant negative
correlation with birth weight and length.

Multiple linear regression models predicting total cholesterol,
triglycerides, and HOMA-IR were performed for independent vari-
ables in absolute values and in SDS, and an adjusted R2 was calculated
(Table 3). The results of absolute values and SDS were very similar.
Therefore, in this sample of 64 patients with TS, low birth weight and
high BMI could predict 28% of total cholesterol and triglycerides and
low birth weight 22% of HOMA-IR.

4. Discussion

Currently, there is evidence for an association between intrauter-
ine malnourishment, low birth weight and/or length, and metabolic
syndrome traits in adulthood, and these findings have been described
in small-for-gestational-age (SGA) newborns [3–12].

Moreover, it is recognized that TS patients might present with low
weight and length at birth [17–19], and obesity, hypertension,
dyslipidemia, and insulin resistance during adolescence and adult-
hood [13–16]. However, to date no study has evaluated the
association between low birth weight and/or length and metabolic
derangements in TS patients. The mechanisms of such metabolic
disorders are not quite understood, considering that factors such as
sex chromosome abnormalities or growth hormone deficiency, as
well as lymphatic malformations cannot be considered provocative of
programming. Furthermore, intrauterine development of these
patients has not been studied very often, as the diagnosis of TS is
usually not made during this period.



Table 3
Adjusted R2 and multiple linear regression (MLR) models predicting total cholesterol,
triglycerides, and HOMA-IR in 64 patients with Turner syndrome.

Adjusted R2 MLR model

Total cholesterola 0.28 Y=156.07+2.34.BMI−15.42.BW
0.22 Y=150.46+7.77.zBMI−7.81.zBW

Triglyceridesb,c 0.28 Y=2.03+0.01.BMI−0.12.BW
0.20 Y=1.88+0.04.zBMI−0.06.zBW

HOMA-IRb,d 0.22 Y=0.73−0.21.BW
0.21 Y=0.05−0.11.zBW

BL = birth length; BMI = body mass index; BW = birth weight, z = SD score (SDS).
a Total cholesterol=α+β1.BW+β2.BL+β3.BMI+β4.age.
b Log10 transformation was performed to satisfy the assumption of normality.
c Log(triglycerides)=α+β1.BW+β2.BL+β3.BMI+β4.age.
d Log(HOMA-IR)=α+β1.BW+β2.BL+β3.age.
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Despite the fact there was no correlation between current BMI and
birth weight and length, the present study found a negative
correlation between total cholesterol and birth weight and a positive
correlation with BMI; a negative correlation between triglycerides
and birthweight and length and a positive correlationwith BMI; and a
negative correlation between HOMA-IR and birth weight and length,
similar to studies regarding SGA patients as a whole [21,22]. These
results show for the first time the correlation primarily between low
birth weight and metabolic alterations, encompassing dyslipidemia
and/or insulin resistance, among TS patients.

Van et al. [14], while comparing fasting lipid levels between 118 adult
womenwithpremature ovarian failure associatedwithXmonosomyand
51 adultwomenwith 46,XX premature ovarian failure, showed that 45,X
women exhibited a distinctly more atherogenic lipid profile than 46,XX
women. These findings suggest that the second X-chromosome
contributes to a more salutary lipid panel in normal women, in spite of
sex steroid effects. Therefore, it is important to consider that low
birth/length could aggravatemetabolic disorders in predisposed patients
with anXchromosomeanomaly. VanParerenet al. [23] andBanninket al.
[24] evaluated themetabolic consequences of long-term rhGH treatment
in girls with TS and showed a decrease in total cholesterol and low
density lipoproteins (LDL) and an increase in high density lipoproteins
(HDL) and triglycerides during thefirst 4 years of therapy andan increase
of total cholesterol and LDL after discontinuation of rhGH treatment.

Mazzanti et al. [15], when comparing 46 children and adolescents
with TS during and after rhGH treatment to an age-matched female
control group, observed that insulin sensitivity appeared to be lower
in patients with TS than in controls, even before the start of rhGH
therapy. They also showed that, as in the general population, being
overweight and having an abnormal lipid profile, particularly
hypertriglyceridemia, worsened insulin sensitivity in TS patients.
Van Pareren et al. [23] and Bannink et al. [24] also showed a decrease
in insulin sensitivity after 4 years of rhGH treatment in girls with TS.
After discontinuation of rhGH therapy, Van Pareren et al. [23]
observed normalization of insulin sensitivity, while Bannink et al.
[24] showed insulin resistance to be unchanged. Gravholt et al. [25]
compared body composition and glucose metabolism in 54 TS
patients to an age-matched control group and reported that insulin
sensitivity was associated with body composition and visceral fat
deposition, which indicate a higher risk for development of metabolic
derangement. However, in another study, although Gravholt et al. [26]
reported that there is no significant correlation between birth weight
and the different measures of insulin sensitivity after 2 months of
rhGH treatment in girls with TS, they did not show these results. So, to
our knowledge, there are no other studies comparing the metabolic
effects with birth weight and length in patients with TS treated or not
with rhGH.

Interestingly, our data showed that, in TS patients, insulin
resistance was only correlated with low birth weight and not with
current BMI. This finding is in accordance with other studies where
the effect of birth weight on insulin resistance and other metabolic
risk factors in adolescence and adulthood also persisted after
adjustment for the current degree of obesity [27–29]. However,
dyslipidemia was correlated with both current BMI and low birth
weight and length, suggesting that growth retardationmay play a role
in metabolic disturbances in this group of patients and can be con-
sidered another example of fetal programming.

Recently, in 2011, Fabricius-Bjerre et al. [29] showed that
acceleration of early infant weight gain may aggravate the effect of
low birth weight on glucose metabolism later in life and that the first
3 months are an especially critical window. Taken together, studies in
animals indicate that it is possible to induce as well as protect against
dysmetabolic traits by endocrine manipulations during a critical
window right after birth [30,31]. The data of Fabricius-Bjerre et al. [29]
suggest that similar mechanisms operate in humans and that the time
period shortly after birth is a window of opportunity for preventing
later metabolic abnormalities. However, there may be other critical
time windows during gestation as well as during postnatal develop-
ment where interventions may have similar or even larger effects on
future health and disease.

In 2008, Vielwerth et al. [32] showed that fetal growth in the last
trimester does not have an effect on the metabolic phenotype in
adolescence. Hence, the most sensitive period in fetal life appears to
be before the third trimester. During autopsy, FitzSimmons et al. [33]
analyzed the growth of second-trimester fetuses with TS and showed
that growth failure consistently demonstrated in newborns with TS
begins early in gestation and is well-established by mid-pregnancy.
This finding may be correlated with future metabolic disorders in
patients with TS.

Thus, paradoxically, growth in the first 3 months after birth seems
to be more important than growth in the last 3 months before birth.
Therefore, birth in itself opens a new window of sensitivity to
metabolic programming, perhaps as an adaptive response to the
change of environment. Efforts to alter the postnatal environment
(i.e., to restrict early infant weight gain in SGA individuals) have not
previously been recommended. Weight gain during the first months
after birth is influenced both by the method of feeding and the
amount of energy consumed. A systematic review has shown that
breastfeeding is associated with a reduced risk of type 2 diabetes later
in life [34].

Thus far, future larger, longitudinal studies should assess and focus
on the several factors that might be involved in this association
between intrauterine growth retardation and metabolic derangement
in TS patients, as well as analyze weight gain in the first months of life,
the correlation of the duration of breastfeeding, and possible
associations between metabolic effects of rhGH treatment and birth
weight and length.

In conclusion, our data showed that, in adolescents and young
adults with TS, the lipid profile was correlated with being overweight
and low birth weight and length, and the glucose profile was only
correlated with low birth weight.
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