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Abstract

Turner’s syndrome is associated with a high incidence of cardiovascular disease and hypothyreosis; conditions which are
associated with abnormal lipid metabolism. To test whether alterations of lipid metabolism is present in healthy Turner’s women,
we compared lipids in a group of adult women with Turner’s syndrome with an age matched group of healthy women. In addition
the impact of sex steroid replacement therapy was studied in the women with Turner’s syndrome. Patients were studied before and
during treatment with hormonal replacement therapy, consisting of either oral 17f-estradiol or transdermal 17f-estradiol, and oral
norethisterone. Control subjects were studied once in the early follicular stage of the menstrual cycle. The study group consisted
of 26 (33.2 £ 7.9 years) patients with Turner’s syndrome and an age matched control group of 24 (32.7 + 7.6 years) normal
women. Body composition measures, apolipoprotein (apo) B and apo A-I, Lp(a), cholesterol, HDL, LDL, triglycerides, thyroxine
(TT4), free thyroxine (FT4), triiodothyronine (TT3), free triiodothyronine (FT3), TSH, and leptin were determined. Apo A-I levels
were higher in Turner’s patients (P = 0.007), while levels of Lp(a) were comparable in the two groups. Only when the participants
were divided into groups of low (<45 g/l) and high (> 45 g/l) Lp(a), more women with Turner’s syndrome had high levels of
Lp(a) than controls (P = 0.024), while all other measures of lipid metabolism were comparable to controls. The level of TSH, FT3,
and FT4 were significantly higher in Turner’s patients, while TT4, TT3 and adjusted 24h energy expenditure were comparable to
controls. Lp(a) (P = 0.005), HDL (P = 0.045) and apo A-I (P =0.039) decreased significantly, while there was a tendency towards
a decrease in apo B (P =0.063) during treatment with sex hormones. In conclusion more women with Turner’s syndrome than
controls have high levels of apolipoprotein A-I and Lp(a), but only after dichomitization, while other markers of lipid metabolism
are normal. Replacement therapy with female sex hormones lowered Lp(a), HDL cholesterol and apolipoprotein A-I. © 2000
Elsevier Science Ireland Ltd. All rights reserved.
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1. Introduction brain in Turner’s syndrome [6], and also in clinical
studies there is evidence of increased levels of serum
total cholesterol in girls [7] and in adults [8]. However,

other aspects of lipid metabolism including Lp(a) levels

Turner’s syndrome is associated with congenital mal-
formations such as coarctation of the aorta, horse shoe

kidney and pterygium colli [1], as well as less severe
congenital malformations of the heart [2,3], especially
in the presence of the 45,X karyotype [3—5]. There is
epidemiological evidence for an increased relative risk
of ischemic heart disease and vascular disease of the
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have not been studied in patients with Turner’s syn-
drome. Lp(a) is recognized as a key contender in the
atherosclerotic process, and the serum level of Lp(a)
could be a determinant of coronary heart disease in
young women [9].

Most women with Turner’s syndrome never produce
ovarian hormones for the entire length of their lives,
despite high levels of FSH and LH, and are thus in a
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state of chronic oestrogen deficiency. However, women
with Turner’s syndrome are commonly treated with sex
hormonal replacement therapy for a prolonged period
of time. In many countries it is customary to use
natural oestrogens like 17B-estradiol in combination
with a gestagen like norethisterone or medroxyproges-
terone. Therefore, women with Turner’s syndrome
probably present the most homogeneous group of pa-
tients to be treated with female sex steroids from pu-
berty and often beyond the normal age of menopause.
In view of the epidemiological evidence for the role of
oestrogen in the protection against coronary heart dis-
ease in normal women (pre- and post-menopausal
alike) [10,11], it seems plausible that such long-term
therapy would protect females with Turner’s syndrome
from coronary heart disease. It is largely unknown how
this treatment affects many aspects of metabolism, in-
cluding lipid metabolism. In post-menopausal women,
combination therapy consisting of oestrogen and gesta-
gen consistently show a lowering effect on circulating
levels of Lp(a) [12—14]. Recent data do, however, sug-
gest that hormonal replacement therapy does not have
a role in the secondary prevention of coronary heart
disease [15].

We present the detailed results of a study of the lipid
metabolism in a group of adult women with Turner’s
syndrome, compared with an age matched group of
healthy women. The women with Turner’s syndrome
were examined before and during replacement with
female sex hormones. The first part of this study,
concerning the relation between carbohydrate
metabolism and cardiovascular risk factors, has previ-
ously been presented [16].

2. Materials and methods

2.1. Subjects

The study group consisted of 26 patients with the
Turner’s syndrome and an age matched control group
of 24 normal women with presumed normal karyotype.
Exclusion criteria were: untreated clinical hypo- or
hyperthyreosis, former or present malignant disease,
clinical liver disease, family history of thrombo-embolic
diseases, extreme obesity (BMI > 40), clinical heart dis-
ease, other significant diseases, allergy towards any of
the drugs used, and heavy smoking (20 cigarettes/day).
All women examined were clinically euthyroid.

All subjects received oral and written information
concerning the study prior to giving written informed
consent. The protocol was approved by the Aarhus
County Ethical Scientific Committee and the Danish
National Board of Health.

2.2. Design

All patients were receiving female hormone replace-
ment therapy prior to the study. This therapy was
discontinued 4 months before the study (basal examina-
tion of Turner’s patients, 7g). Following the initial
evaluation, patients were randomised to one of two
regimens of hormone substitution for 6 months (treat-
ment examination of Turner’s patients, 7+): Oral hor-
mone substitution consisting of 2 mg 17B-estradiol/day
from day 1 to 12 of the menstrual cycle, 2 mg 17p-
estradiol/day and 1 mg norethisterone acetate/day from
day 13 to 22, and 1 mg 17B-estradiol/day from day 23
to 28 (Trisekvens®, Novo Nordisk, Bagsvaerd, Den-
mark), or transdermal oestrogen substitution consisting
of approximately 50 mg 17B-estradiol/55 kg per day for
28 days (Estraderm®, Ciba-Geigy, Denmark) and 1 mg
norethisterone (Noretisteron Dak®, Nycomed DAK,
Copenhagen, Denmark) administered orally from day
13 to 22. A total of 11 subjects were randomly allocated
to the group receiving transdermal oestrogen, and 15
subjects to the group receiving oral oestrogen. Prelimi-
nary analysis did not indicate significant differences
between the two treatment groups in changes of any of
the variables considered, except TT4 (see below) and
subsequently the two groups were pooled in all statisti-
cal computations.

All patients were studied twice with a 6-month inter-
val, whereas all controls were evaluated once. Control
subjects were studied in the early follicular stage (day
5-10) of the menstrual cycle; Turner’s subjects were
studied on day 5-10 of the hormone replacement ther-
apy cycle whilst taking oestrogen alone.

2.3. Methods

Subjects were admitted at 08:00 h after an overnight
fast (10—12 h). After an initial bed rest of at least 45
min, resistance and impedance were measured and fat
mass (FM), fat free mass (FFM) and total body water
(TBW) were determined, employing bioeletrical
impedance (Animeter, HTS-Engineering APS, Odense,
Denmark) [17]. Body mass index was calculated as
weight (kg) divided by height (m) squared, and the
waist-to-hip (W/H) ratio was determined in the supine
position. Indirect calorimetry (Deltatrac Metabolic
Monitor, Datex, Helsinki, Finland) with a ventilated
hood at 40 1/min was performed; energy expenditure
(EE), respiratory quotient (RQ), and 24 h excretion of
urea in urine were measured; and glucose, protein and
lipid oxidation were calculated [18].

2.4. Assays

Apolipoprotein (apo) B and apo A-I concentrations
were measured by radio-immuno-assays (Pharmacia,
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Sweden). All samples were analysed in duplicate. Sam-
ple pairs with an intra-assay variation above 10% were
reanalysed. Lipoprotein(a) (Lp(a)) concentrations were
measured by a commercial two-site immuno-radiomet-
ric (IRMA) assay, as described in detail previously
[19]. Our laboratory participated in an international
Lp(a) standardization program, the results of which
indicated that the variation between laboratories using
the IRMA method is small. Our intra-assay and inter-
assay coefficients of variation were 2.2 and 3.1%, re-
spectively. Linear regression analysis indicated that the
commonly used threshold value for Lp(a) of 30 mg/dl,
as measured by ELISA [20] corresponded to a concen-
tration of about 45 mg/dl, as measured by the IRMA
technique. We, therefore, used a threshold level of 45
mg/dl to categorize Lp(a) data in two groups: low or
high concentration of Lp(a). Cholesterol, high density
lipoprotein (HDL) and triglycerides were determined
on a COBAS INTEGRA analyser (Roche, Hvidovre,
Denmark). Low density lipoprotein (LDL) was calcu-
lated according to Friedewald’s equation [21]. Serum
thyroxine (TT4), free thyroxine (FT4), triiodothyronine
(TT3), reverse triiodothyronine (+TT3) and free tri-
iodothyronine (FT3) were measured by radio-immuno-
assays (RIA) [22]. Serum thyroid stimulating hormone
(TSH) was measured by a commercial chemi-lumines-
cent immuno-assay (Diagnostic Products Corporation,
Llanberis, UK), and leptin by a commercial RIA
(Linco, Inc., St. Louis, MO, USA).

2.5. Statistical analysis

All calculations were done with SPSS statistical soft-
ware for Windows version 7.5 (SPSS Inc, Chicago, IL,
USA). Data were examined by Student’s two-tailed
unpaired and paired ¢-tests or the Mann—Whitney or
Wilcoxon two-tailed test when appropriate. Multiple

Table 1

backwards stepwise linear regression, Pearson product
moment correlation and Spearman correlation were
used to examine the relationships among different vari-
ables. Stepwise linear regression identified FFM, fat-
mass and TT3 as independent predictors of energy
expenditure, and subsequent analysis of covariance was
used to calculate adjusted rates of total energy expendi-
ture, as this method allows for the removal of the
linear effects of covariates on the dependent variable
[23,24]. The approach eliminates problems arising from
not having a correlation of r =1.0 between the depen-
dent variable and independent variables and the inter-
cept between any two variables is different from zero.
Results are expressed as mean =+ standard deviation
(SD) or as geometric mean x /= antilog SD (range)
(Lp(a), triglyceride, TSH and FT4). Statistical signifi-
cance was assumed for P less than 5%.

3. Results
3.1. Untreated Turner’s patients versus controls

In Table 1 the relevant anthropometric data of
Turner’s patients and of controls are given. We made
no attempt to match Turner’s patients and controls on
BMI, while age matching was performed. Turner’s
women have a characteristic anthropometry and body
composition [25], and although BMI was slightly
higher in Turner’s patients than in the control group,
FFM was significantly higher in controls (Table 1).

Apolipoprotein A-I was higher in Turner’s patients
(P =0.007). Levels of Lp(a) were comparable in the
two groups; but when the participants were divided
into groups of low (<45 g/l) and high (>45 g/l
Lp(a), more women with Turner’s syndrome had high
levels of Lp(a) than controls (y?=5.128; P=10.024).

Number and age of participants and mean + SD levels of anthropometric data in Turner’s patients at baseline and during sex hormone

replacement, and in controls

Turner’s (T) Turner’s (') Control P (Ty vs Tp)? P (Tg vs C)°
Number 26 24
Age 332479 327+7.8 0.8
Height (cm) 147.1 + 6.8 168.4 + 6.1 0.0005
Weight (kg) 57.7+11.7 57.8+11.8 679 +14.4 0.6 0.009
BMI (kg/m?) 26.6 +4.6 26.7+4.8 23.8+4.2 0.6 0.04
FFM (kg) 382462 39.1+64 48.5+6.8 0.02 0.0005
FM (kg) 19.7+6.4 189 +6.3 19.4+8.4 0.008 0.9
W/H 0.88 +0.09 0.88 +0.09 0.78 + 0.06 0.4 0.0005
EE (kcal/24 h) 1290 + 168 1270 + 158 1425 + 37 0.3 0.009
Adjusted EE (kcal/24 h)® 1340 + 30 1369 + 31 0.6

# Paired ¢-test.
® Independent ¢-test.

¢ Adjusted for fat free mass, fat mass and TT3 (mean + SE); for further information, see statistical methods.
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Table 2

Mean + SD (geometric mean x /- antilog SD (range) of triglycerides and lipoprotein (a)) levels of measures of lipid metabolism in Turner’s

patients at baseline and during sex hormone, and in controls

Turner’s (Tg) Turner’s (Tr) Control P (Tg vs Ty)* P (Ty vs C)°
Total cholesterol 49+1.2 4.74+0.8 4.7+09 0.4 0.4
HDL cholesterol 1.6 +0.6 14403 1.5+04 0.045 0.5
Triglycerides 0.8x/+1.8(0.2-2.00 0.8x/+1.7 (0.4-2.7) 0.9x/=+1.5(0.5-2.0) 0.8¢ 0.84
LDL cholesterol 30+1.2 2940.7 2.74+0.8 0.7 0.4
Apolipoprotein A-I (g/1) 1.77+ 0.41 1.59 +£0.31 1.50 +0.26 0.039 0.007
Apolipoprotein B (g/l) 0.91 +£0.23 0.87 +£0.21 0.82 +£0.21 0.063 0.1
Lipoprotein (a) (g/1) 79x/+4.2 (1.5-127.7) 6.4x/+4.2 (1.7-106.9) 10.2x/+2.4 (1.7-43.7) 0.005¢ 0.2¢
Lp(a) coding® 21/5 23/3 24/0 0.4° 0.024#

4 Paired ¢-test.

® Independent ¢-test.

¢ Wilcoxon two-tailed test.

4 Mann-Whitney rank sum test.

¢ Coding was performed to divide the populations into two, with a normal or high level of Lp(a) (for further information see materials and

methods).
f72=0.591;
e y2=5.128.

There were no differences in the TSH levels among
those Turner’s with normal Lp(a) and those with high
Lp(a) levels (results not shown). The other lipid vari-
ables did not differ significantly among groups (Table
2), and we found no significant association between the
lipid variables, and thyroid hormones or energy expen-
diture.

TSH (2.5x/+3.7 vs 1.1 x/=1.7 mU/l, P=0.04)
was significantly higher in Turner’s patients compared
with controls, while TT3 (1.9 + 0.3 vs 1.7 + 0.2 nmol/l,
P =0.06), TT4 (130 & 14 vs 124 4+ 15 nmol/l, P =0.3),
and rTT3 (0.23 +0.05 vs 0.26 + 0.06 nmol/l, P =0.2)
did not differ between groups. On the contrary FT3
(6.2+14 vs 53+12 pmol/l, P=0.03) and FT4
(21.4 x /= 1.3 (13-37) vs 19.1 x / = 1.3 (13-44) pmol/
I, P=0.04) were slightly, but significantly higher in
Turner’s patients.

By multiple linear regression FFM, FM, and TT3
were all independent explanatory variables of energy
expenditure (multiple »=0.835, P <0.0005), while
status (Turner’s syndrome or control) was not a signifi-
cant variable. Energy expenditure (24 h) adjusted for
FFM, fatmass and TT3, was comparable between
Turner’s syndrome women and controls (Table 1).
Serum leptin was not different in the two groups
(113 x /=18 vs 89 x/+1.9 mg/l, P=0.4). Leptin
correlated closely to energy expenditure in both Turn-
er’s and controls, but did not contribute significantly in
the multiple regression model. Most of the variance in
energy expenditure was accounted for by FFM (61%,
P <0.0005), and FM (6%, P =0.006). An additional
3% of the variance in energy expenditure was ac-
counted for by TT3 (P =0.06). There were no differ-
ences in glucose, lipid and protein oxidation (results
not shown).

3.2. Treatment versus washout phase in Turner’s
syndrome

Lp(a) decreased significantly with 17%, and HDL
cholesterol and apolipoprotein A-I also decreased,
while apolipoprotein B tended to decrease (Table 2). A
decrease in Lp(a) was noted in almost all individuals
and seen both in the low and high concentration area
of Lp(a) (Fig. 1a, b). The changes in Lp(a) correlated
significantly and inversely with the small changes in
TT3 (Fig. 1c).

Serum TSH, TT3, FT3, FT4, leptin and 24 h energy
expenditure were all unchanged by sex hormone re-
placement, while TT4 increased significantly in the
orally treated group (P =0.01) and decreased signifi-
cantly in the transdermally treated group (P = 0.04).
Thus the route of administration of 17B-estradiol had a
significant impact on TT4 (ATT4: —4.8 + 6.6 (trans-
dermal treatment) vs 12.3 +16.1 nmol/l (oral treat-
ment), P=0.003). As expected, rTT3 (0.23 +0.04 vs
0.29 +0.07, P <0.0005) increased significantly during
treatment.

4. Discussion

Compensated hypothyreosis and insufficiently treated
hypothyreosis are associated with elevated LDL choles-
terol, apolipoprotein B levels, and coronary artery dis-
ease [26—28]. Since hypothyreosis is a major clinical
problem in Turner’s syndrome, elevated lipids may help
explain part of the increased risk of cardiovascular
disease in Turner’s syndrome found recently in a regis-
ter-based study [6]. This increased morbidity was not
related to the common congenital malformations asso-
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ciated with Turner’s syndrome [6]. Chronic oestrogen
deficiency, known to affect most adult women with
Turner’s syndrome, is likely to be associated with the
increased cardiovascular morbidity. However, in the
present study there were no indications of imminent
hypothyreosis and in accordance with this, and despite
unfavourable changes in the body composition and
distribution of fatmass, most markers of lipid
metabolism were comparable to an age-matched, some-
what leaner, group of women without any clinical
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Fig. 1. (a) Individuals with Turner’s syndrome with normal levels of
Lp(a) before and during sex hormone replacement therapy. (b) Indi-
viduals with Turner’s syndrome with high levels of Lp(a) before and
during sex hormone replacement therapy. (c) ALp(a) versus ATT3 in
women with Turner’s syndrome.

disease. The HDL associated apolipoprotein A-I levels
were increased in Turner’s patients in the untreated
state. This could be attributable to either increased
synthesis or decreased degradation of apolipoprotein
A-I. In ovariectomized and hysterectomized baboons
oestrogen increases apolipoprotein A-I production [29]
and the same is seen in pre-menopausal women [30] in
comparison with the untreated state. Thus, it is proba-
bly most likely that the increase in apolipoprotein A-I is
caused by decreased degradation of the HDL particles.
Apolipoprotein A-I may confer protection against is-
chemic heart disease. The finding of elevated levels of
apolipoprotein A-I is surprising, since HDL and
apolipoprotein A-I are inversely associated with
atherosclerosis. Since increased morbidity from
atherosclerosis has been documented in Turner’s syn-
drome, this finding emphasizes that other factors fur-
ther the development of atherosclerosis in Turner’s
syndrome, stressing that atherosclerosis has to be
viewed as a multifactorial disease where numerous fac-
tors are involved and have to be identified. Studying
Lp(a) as a continuous variable, showed there was no
difference between Turner’s patients and controls. Only
after categorisation of Lp(a), more women with Turn-
er’s syndrome had high levels of Lp(a). Lp(a) is impor-
tant in atherosclerosis, high Lp(a) is also associated
with coronary heart disease in young women [9]. Levels
of Lp(a) are higher in post-menopausal compared with
pre-menopausal women, and the rise in Lp(a) has been
shown to be associated with changes in hormonal status
[31]. Treatment with oestrogen causes a substantial
reduction in Lp(a) levels in males with prostate cancer
[32], as in post-menopausal women [33], likewise, treat-
ment with a combination of oestrogen and gestagen
causes significant reductions in serum levels of Lp(a)
[12—14]. Other studies have indicated that the effect of
Lp(a) is modulated by the concomitant level of LDL
cholesterol [34]. In the present study Lp(a), apolipo-
protein A-I, and HDL decreased significantly, and
apolipoprotein B tended to decrease during treatment
with female sex hormones. There was no difference in
the response in these lipid parameters due to the route
of administration of 17f-estradiol, i.e. oral or transder-
mal. However, this could be due to the small number of
patients in each group, since previous studies have
shown a more pronounced reduction in Lp(a) in post-
menopausal women after oral 17p-estradiol administra-
tion, as well as differential effects on HDL and LDL
[13,35,36]. The reduction in Lp(a) is in line with previ-
ous large scale clinical trials, showing that estradiol
decreases Lp(a), while gestagen does not affect it [37].
Adults with Turner’s syndrome without menstruation
have undetectable levels of 17B-estradiol and low levels
of oestrone and oestronesulphate (unpublished observa-
tions). Thus, the present data could be interpreted as
the ‘pure’ effect of 17B-estradiol on Lp(a) in a model
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with undetectable levels of 17B-estradiol. Likewise
estradiol increases HDL cholesterol and this effect is
opposed by the addition of gestagen [37]. Supposedly
the reduction in Lp(a), and apolipoprotein B can be
ascribed to the effect of 17B-estradiol, while the unto-
ward decrease in apolipoprotein A-I and HDL may be
ascribed to the gestagen component. The changes in
Lp(a) during sex steroid replacement therapy were cor-
related to small changes in TT3, supporting the con-
tention that thyroid hormones are independent
regulators of the Lp(a) concentration, with low levels in
the hyperthyroid state and high levels in the hypothy-
roid state [38,39]. It should be noted that the level of
TT3 was unchanged by sex hormone treatment in the
group of women with Turner’s syndrome as a whole.
Whether the observed lipid profile in the untreated state
in Turner’s women can explain the increased cardiovas-
cular morbidity and mortality in Turner’s syndrome
[6,40] is probably doubtful. However, since it is becom-
ing clear that treatment with oestrogen not only confers
cardioprotectivity during a lowering of harmful circu-
lating lipids, but also through direct antioxidant effects
[41], a change in the vascular reactivity [42] and its
interaction with vascular smooth muscle [43,44], part of
the increased cardiovascular morbidity and mortality in
Turner’s syndrome could still be explained by non-use
of oestrogen.

In the present study the level of TSH was higher in
healthy Turner’s patients compared with controls,
along with a high level of TT3 in Turner’s patients,
while the level of TT4 was comparable with controls.
Free hormone levels were slightly, but significantly,
higher in women with Turner’s syndrome. We do not
have any ready explanation for this slight elevation of
free thyroid hormones. Thus, despite the increased TSH
levels, this group of women can not be characterised as
having subclinical hypothyroidism, since one would
expect normal or decreased levels of thyroid hormone
concentrations [9,45,46]. We did see divergent effects of
the mode of administration of oestrogen on TT4, with
an increase during treatment with oral oestrogen. This
effect was possibly mediated by divergent effects of the
treatment regimens on the level of thyroxine-binding
globulin (TBG), where orally administered oestrogen
especially increases TBG.

Energy expenditure (24 h) was higher in controls.
However, differences in body composition variables
accounted for the major part of this variation (FFM
and FM, 70%), in line with previous reports of FFM as
the major determinant of 24-h energy expenditure
[47,48], and a minor part of the variation was explained
by the level of TT3 [49]. The finding of similar levels of
24-h energy expenditure when adjusting for relevant
predictory variables makes it highly unlikely that the
group of women with Turner’s syndrome are on the
brink of clinical hypothyroidism. Interestingly, levels of

leptin were similar in Turner’ss and controls, despite
rather large differences in body composition between
the two groups. The percentage of fat was increased in
the Turner’s patients, while the total amount of body
fat in kilograms was similar to controls. Serum leptin
levels are tightly correlated to the percentage of body
fat, and are higher in women compared with men [50].
These findings may suggest that women with Turner’s
syndrome are in a state of hypoleptinemia, since one
would expect a higher level of leptin with the observed
percentage of body fat. Speculatively, this could be
viewed as impaired feedback from the adipose tissue
and could perhaps help explain why many women with
Turner’s syndrome have a relatively elevated BMI with
increased body fat [25,51,52].

In conclusion, women with Turner’s syndrome have
high levels of apo A-I. Levels of Lp(a) were normal,
and only after categorisation did more women with
Turner’s syndrome have high levels of Lp(a). However,
most markers of lipid metabolism are normal compared
with age-matched control women. Replacement therapy
with female sex hormones reduced levels of Lp(a) and
exerted small opposing effects on the other markers of
lipid metabolism; the route of administration of 17f3-
estradiol did not influence the different markers of lipid
metabolism. Moreover, some adult women with Turn-
er’s syndrome have elevated levels of TSH, but normal
levels of peripheral thyroid hormones.
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