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This prospective, randomized, controlled study compared the effects of recombinant human FSH (r-hFSH) and
highly purified urinary FSH (u-hFSH HP) on lipoprotein(a) [Lp(a)] concentrations in women undergoing ovarian
stimulation. Fifty infertile women were randomly allocated into two equally sized treatment groups (n � 25 per
group). Thirty normal ovulation women were recruited as controls. The infertile women received u-hFSH or
r-hFSH 150 IU/day starting on cycle day 2. From cycle day 6 the dose was adjusted according to ovarian response.
Human chorionic gonadotrophin 10 000 IU was administered once there was at least one follicle ≥18 mm in
diameter. The luteal phase was supported with progesterone 50 mg/day for at least 15 days. Repeated measurements
of Lp(a) concentrations were performed during both stimulated and natural cycles. A significant increase in luteal
phase Lp(a) concentrations was detected in the stimulated cycles, whereas no significant changes in serum Lp(a)
concentrations were observed during natural cycles. There were no significant differences between the urinary and
recombinant FSH effects on serum Lp(a). The luteal Lp(a) increase was transitory because after 1 month Lp(a)
concentrations returned to baseline values if pregnancy failed to occur; in pregnant women persistent increased
Lp(a) concentrations were found at the 8th week. The percentage changes in serum Lp(a) were positively correlated
with the luteal progesterone increase (r � 0.40, P < 0.05), but not with follicular or luteal oestradiol increase. The
women with low baseline Lp(a) (≤5 mg/dl) had a greater increase of the Lp(a) concentrations at midluteal phase
than women with baseline Lp(a) >5 mg/dl. In conclusion, the recombinant or urinary hFSH administration does
not directly influence Lp(a) concentrations. The luteal Lp(a) increase in stimulated cycles is not related to
gonadotrophin treatment per se, but appears to be related to the high luteal progesterone concentrations,
physiologically or pharmacologically determined. Our results also suggest that the sensitivity to the progesterone
changes could be related to apolipoprotein(a) phenotype.
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Introduction 1993; Cantin et al., 1998). In women, case-control studies
(Dahlen et al., 1986; Labeur et al., 1992; Solymoss et al.,Lipoprotein(a) [Lp(a)], which was first described by Berg
1993; Farrer et al., 1994; Wang et al., 1994; Bolibar et al.,(1963), differs from low density lipoprotein by an additional
1995; Sunayama et al., 1996; Orth-Gomer et al., 1997) and alarge protein, apoliprotein(a) [apo(a)], disulphide-linked to an
prospective study (Bostom et al., 1994) have shown that Lp(a)apo B-100 apoprotein (Murai et al., 1986; Marcovina and
is associated with coronary heart disease. Lp(a) concentrationsMorrisett, 1995; White and Lanford, 1995). Several studies
are largely genetically determined, primarily by sequencehave suggested that Lp(a) is a strong independent risk factor
polymorphisms in the apo(a) gene lipoprotein (Boerwinkleboth for ischaemic heart disease and for cerebrovascular
et al., 1992; Lackner et al., 1993; Mooser et al., 1995).disease (Uterman, 1989; Heinrich et al., 1991; Scanu, 1992;
However, there is evidence to suggest that previous geneticCremer et al., 1994; Schaefer et al., 1994; Dahlen and Stenlund,
studies may have underestimated the contribution of non-1997; Schwartzman et al., 1998). Other prospective data have
genetic factors to the variation in Lp(a) concentrations in thefound no relation between Lp(a) and coronary heart disease,

but these studies comprised only male subjects (Ridker et al., population (Maeda et al., 1989; Von Eckardstein et al., 1997).
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150 IU/day. From cycle day 6, dose adjustment was performed,Premenopausal women have lower Lp(a) concentrations than
according to follicular development, as assessed by ultrasoundpostmenopausal women in cross-sectional studies (Heinrich
scanning. Human chorionic gonadotrophin (HCG) 10 000 IU waset al., 1991; Jenner et al., 1993; Kim et al., 1994). Lp(a)
administered to induce ovulation when at least one follicle �18 mmserum concentrations increase after a natural or surgical
in diameter was present. The luteal phase was supported with 50 mgmenopause (Heinrich et al., 1991; Meilahn, et al., 1991; Kim
progesterone in oil (Prontogest, Amsa, Italy) daily i.m. beginning

et al., 1994).
3 days after HCG administration and continuing for at least 15 days.

The administration of oral oestrogens in postmenopausal On the 18th day after HCG administration, a pregnancy test was
women has been shown to reduce Lp(a) concentrations (Farish performed. If positive, progesterone was continued for 14 days.
et al., 1996; Haines et al., 1996; Kim et al., 1996; Hänggi Blood samples for measurement of serum Lp(a), oestradiol and
et al., 1997; Espeland et al., 1998; Spencer et al., 1999). progesterone, were taken from all subjects on cycle day 2 before
No significant changes have been reported with the use of starting gonadotrophin administration, on cycle day 6, on the day of
transdermal oestradiol, suggesting that the effects of orally HCG administration, and 10 days after HCG administration. In

patients who failed to achieve pregnancy, Lp(a) serum concentrationadministered oestrogens may stem from their capacity to
measurements were repeated on day 2 of the following menstruation,influence hepatic metabolic processes (Hänggi et al., 1997;
providing one month of wash-out. In patients who achieved pregnancySpencer et al., 1999). Few studies are available on Lp(a)
measurements of Lp(a), oestradiol and progesterone serum concentra-changes in women undergoing ovarian stimulation (Seed et al.,
tions were repeated after a comparable period at the 8th week. In the1990, 1991; Haines et al., 1997); these studies evaluated the
control group, blood was collected on cycle day 2. To standardizeeffects of urinary human menopausal gonadotrophin (HMG)
the different cycle lengths the timing of the successive blood samples

and conflicting results were reported. No data concerning the was calculated personally. The presumed first day of the next
effects of more recent gonadotrophin preparations on Lp(a) menstruation, estimated on the basis of the length of the previous
serum concentrations have been published. three cycles, was taken as day 0. The second, third and fourth blood

The aim of this study was to evaluate the effects of highly samples were taken on days –21, –14, –7. The fifth sample was
purified urinary FSH (u-hFSH HP) and recombinant human collected on cycle day 2 of the second successive menstrual cycle.
FSH (r-hFSH) treatment on Lp(a) concentrations in a prospect- Each blood sample was collected between 0800 and 0900 h after

a 12 h fast.ive randomized study.

Laboratory analysesMaterials and methods
Blood was taken from an antecubital vein with minimal stasis using

Patients standard venepunture techniques into serum tubes. Serum samples
Fifty infertile Caucasian women undergoing ovarian stimulation for were separated by centrifugation at 3000 g for 10 min and stored
assisted reproduction were enrolled in the study between January and at –80°C until analysis. Each subject’s sample was analysed in the
December 1999. Inclusion criteria were: aged between 28 and 38 same assay to minimize interassay variation. All samples were tested
years; normal ovulatory cycles; FSH, LH, prolactin, testosterone-free for Lp(a), 17β-oestradiol and progesterone concentrations. Lp(a)
and dehydroepiandrosterone sulphate within normal range on cycle measurements were determined by means of a commercial enzyme-
day 3; primary infertility due to unexplained factor or male factor; linked immunosorbent assay kit (Macra® Lp(a) manufactured by
no previous treatment with clomiphene citrate, gonadotrophins, sexual Strategic Diagnostics Inc. for Trinity Biotech USA, Jamestown, NY,
steroids or drugs known to influence lipoprotein metabolism. USA); the test is a sandwich assay which utilizes both a monoclonal

Exclusion criteria included: chronic diseases, body mass index antibody and polyclonal antibodies which specifically bind to the
�18 or �27 kg/m2; past or current abuse of alcohol; �5 cigarettes apolipoprotein (a) moiety of Lp(a). All samples were run in duplicate
per day; regular intake of drugs. and the results were expressed in mg/dl; the intra- and interassay

Thirty comparable volunteer Caucasian nulliparous women were coefficients of variation for this method were �5% and �10%
concurrently recruited as controls. Inclusion criteria were: aged respectively. Serum 17β-oestradiol and progesterone were determined
between 28 and 38 years; regular menstrual cycles lasting from 26 by means of a solid-phase, ligand-labelled, competitive chemilumines-
to 30 days; previous three cycles of regular length; no administration cent immunoassay with an Immulite Analyzer (Immulite® Estradiol
of sex steroids or drugs known to affect lipid metabolism within the and Immulite® Progesterone, Diagnostic Products Corporation, Los
previous 12 months. The exclusion criteria were the same as for Angeles, CA, USA) and results were expressed in pg/ml and ng/ml
infertile subjects. respectively.

Study design
Statistical analyses

This was an open, randomized, controlled study comparing the
Given the skewed Lp(a) distribution, non-parametric statistics wereeffect of u-hFSH and r-hFSH on Lp(a) serum concentrations. After
used to protect against non-normal distribution of data. Statisticalconfirming eligibility for the study, the infertile women were randomly
analyses of all baseline parameters for between-group differencesallocated into two equally sized treatment groups (n � 25 per group)
were performed by means of Kruskal-Wallis analysis of varianceusing a random number generator on a personal computer. Thirty
(ANOVA) test. The χ2-test was used to compare categorized measuresnon-randomized, comparable women were included in the untreated
when appropriate. Multiple comparisons of paired data during naturalcontrol group. Informed consent was obtained from each subject
and stimulated cycles were performed with Friedman’s repeatedbefore the start of the study. The study was conducted in accordance
measures test followed by Dunn’s multiple comparisons post-hoc test.with the guidelines proposed in The Declaration of Helsinki.
Statistically significant differences between the stimulated and control

Study protocol groups were examined by the Mann-Whitney U-test. Spearman’s
rank correlation coefficient was used to assess correlations betweenStarting on cycle day 2, infertile patients received u-hFSH (Metrodin

HP; Serono, Rome, Italy) or r-hFSH (Gonal F; Serono, Rome, Italy) parameters. Statistical significance was assigned when P � 0.05.
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Table I. Anthropometric data and baseline lipoprotein(a) [Lp(a)]
concentrations

Characteristics Controls r-hFSH u-hFSH HP P-valuea

(Gonal-F) (Metrodin HP)
(n � 30) (n � 25) (n � 25)

Age (years) 33.3 � 4.1 34.6 � 3.3 35 � 3 NS
Weight (kg) 59.7 � 8.1 58.5 � 7.5 58.7 � 7.8 NS
Height (cm) 165 � 5 163 � 6 166 � 6 NS
Body mass index 21.7 � 2.5 21.7 � 2.3 21.4 � 2.5 NS

(kg/m2)
Baseline Lp(a) 10.3 � 9.1 8.2 � 11.6 13.4 � 16.3 NS

(mg/dl)

Values are means � SD.
aStatistics for between-group differences were determined by Kruskal-Wallis
analysis of variance.
r-hFSH � recombinant human follicle stimulating hormone; u-hFSH HP �
urinary human FSH; NS � not significant.

Table II. Infertility characteristics of patients enrolled and randomized to
treatment with human FSH

Figure 1. Differences in concentrations of lipoprotein (a) in the
r-hFSH u-hFSH HP P-valuea

baseline and midluteal phase of stimulated cycles.
(Gonal-F) (Metrodin HP)
(n � 25) (n � 25)

Duration of infertility 3.6 � 1.7 4.1 � 1.8 NS
(years, mean � SD)

Causes of infertility (%)
Unexplained factor 56 48 NS
Male factor 44 52 NS

aStatistics for between-group differences were determined by Mann-Whitney
test and χ2-test.

r-hFSH � recombinant human follicle stimulating hormone; u-hFSH HP �
urinary human FSH; NS � not significant.

Results

No significant differences were seen between the three groups
Figure 2. Percentage changes in serum lipoprotein [Lp(a)] duringwith respect to age, body mass indices, or mean baseline Lp(a)
natural and stimulated cycles. Blood samples were taken at

(Table I). The infertility characteristics of the two treatment different time points. I � baseline; II � cylce day 6; III � human
groups were not significantly different (Table II). There were chorionic gonadotrophin day; IV � midluteal. Friedman repeated

measures test: controls, not significant; recombinant human (r-no significant differences in the stimulation characteristics of
h)FSH, P � 0.001; urinary human (u-h)FSH, P � 0.01.the patients receiving HCG (Table III). The pregnancy rate

cycle was 24% for r-hFSH and 20% for u-hFSH (not signific-
antly different). In the control group two subjects had an (r � -0.28; P � 0.05) or at midluteal phase (r � 0.07;

P � 0.05). There was a positive correlation between theanovulatory cycle and were excluded from the analysis. No
significant changes in serum Lp(a) concentrations during the percentage changes (versus baseline) in serum Lp(a) concentra-

tions and the increase in serum progesterone at midluteal phasedifferent phases of the menstrual cycle were observed in the
control group, whereas a significant increase in luteal phase (r � 0.40, P � 0.05) (Figure 4). To evaluate the sensitivity

of Lp(a) to progesterone increase, we divided the treatmentLp(a) concentrations was detected in the stimulated women
(Table IV, Figure 1). There were no significant differences group into two subgroups classified according to a baseline

serum Lp(a) lower (n � 24) or higher (n � 24) than 5 mg/dl.between the urinary and recombinant FSH effects on serum
Lp(a) (Figure 2). The luteal Lp(a) increase can be considered There was a significant correlation between the percentage

changes of the Lp(a) concentrations (versus baseline) and thetransitory because after 1 month Lp(a) concentrations returned
to baseline values if pregnancy failed to occur; in pregnant midluteal progesterone increase in women with baseline Lp(a)

�5 mg/dl (r � 0.60, P � 0.05) (Figure 5), but not in womenwomen (n � 11) persistently increased Lp(a) concentrations
were found at the 8th week (Figure 3). The percentage with baseline Lp(a) �5 mg/dl (r � 0.25, P � 0.05) (Figure

6). Furthermore, although the midluteal progesterone meanchanges (versus baseline) in serum Lp(a) were not significantly
correlated with the increase in serum oestradiol on HCG day concentrations were not statistically different, the percentage
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Table III. Stimulation characteristics of patients receiving human chorionic gonadotrophin (HCG)

r-hFSH u-hFSH HP P-valuea

(Gonal-F) (Metrodin HP)
(n � 24) (n � 24)

Days of FSH stimulation required 7.7 � 2 6.6 � 1 NS
Total dose of FSH required (no. of FSH 75 IU ampoules) 13.4 � 4.3 12.5 � 3.3 NS
No. of follicles �16 mm diameter on day of HCG 3.0 � 2.3 3.6 � 2.5 NS
Oestradiol on day of HCG (pg/ml) 745 � 467.9 796.6 � 377.6 NS
Oestradiol at midluteal phase (pg/ml) 397.9 � 307.7 412.9 � 272.8 NS
Progesterone at midluteal phase (ng/ml) 38.4 � 18.1 38.1 � 17.7 NS

Values are means � SD.
aStatistics for between-group differences were determined by Mann-Whitney test.
r-hFSH � recombinant human follicle stimulating hormone; u-hFSH HP � urinary human FSH; NS � not
significant.

Table IV. Lipoprotein(a) changes (mg/dl; mean � SD) during natural menstrual cycle and ovarian
stimulation with recombinant (r-hFSH) or highly purified urinary (u-hFSH) human FSH

Group I II III IV
Baseline Cycle day 6 HCG day Midluteal

r-hFSH (n � 24) 8.2 � 11.6a 8.1 � 11.0b 8.5 � 10.3c 10.6 � 12.7abc

u-hFSH (n � 24) 13.4 � 16.3d 13.1 � 16.1e 13.2 � 14.2f 16.2 � 16.3def

Controls (n � 28) 10.3 � 9.1 10.4 � 9.6 10.5 � 9.6 10.6 � 9.6

aP � 0.05; bP � 0.001; cP � 0.05; dP � 0.05; eP � 0.01; fP � 0.05 (by Dunn’s multiple comparison test).
HCG � human chorionic gonadotrophin.

Figure 3. Percentage lipoprotein [Lp(a)] changes in pregnant and Figure 4. Correlation between midluteal progesterone and
non-pregnant women who underwent ovarian stimulation. Blood lipoprotein [Lp(a)] percentage change in total samples.
samples were taken at different time points. I � baseline; II �
cylce day 6; III � human chorionic gonadotrophin day; IV �
midluteal. *I versus IV, P � 0.05; **I versus V, P � 0.01 (Dunn’s

gonadotrophin preparations have been developed: until the latemultiple comparisons test).
1970s, urinary-derived gonadotrophin preparations contained
FSH in combination with LH whereas later purified FSH (withchanges (versus baseline) in serum Lp(a) concentrations at
�1% LH contamination) or highly purified FSH (with �0.1%midluteal phase were greater in women with baseline Lp(a)
LH contamination) were introduced. Recently, 99% pure FSH�5 mg/dl than in women with baseline Lp(a) �5 mg/dl
preparations produced by recombinant DNA technology have(Figure 7).
become available. Recombinant technology ensures there is
no LH activity and no contaminating urinary proteins of

Discussion undetermined origin (Olijve et al., 1996). Previous studies,
aimed at assessing whether gonadotrophin administration canAlthough the number of women who undergo ovarian stimula-
adversely affect cardiovascular risk, evaluated changes in Lp(a)tion with gonadotrophins has grown rapidly in the last 20 years,
serum concentrations during ovarian stimulation (Seed et al.,the long-term effects of these treatments have not been

fully addressed. Furthermore, during these years, different 1990, 1991; Haines et al., 1997). Lp(a), in fact, has been
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going ovarian stimulation, the effects of HMG administration
(Seed et al., 1990, 1991) were evaluated. An increase, albeit
not statistically significant, probably because of the low number
of subjects investigated, in Lp(a) median concentration from
3 to 9 mg/dl and from 6.4 to 7.9 mg/dl at the end of the
HMG administration was observed. Unfortunately, luteal Lp(a)
changes were not considered, thus the whole effect of HMG
administration could not be evaluated.

In this study, we have shown that FSH administration does
not directly influence serum Lp(a) concentrations. No increase
in Lp(a) concentrations was observed during the follicular
phase of r-hFSH or u-hFSH stimulated cycles. The different
effects of HMG and uFSH on Lp(a) might be due to the
LH content of HMG. In hypogonadotrophic women, HMGFigure 5. Correlation between midluteal progesterone and
significantly increases follicular phase androgens when com-lipoprotein [Lp(a)] percentage change in the subgroup of women
pared with u-hFSH HP (Couzinet et al., 1988). However,with baseline Lp(a) �5 mg/dl.
no conclusive data regarding androgen influence on Lp(a)
concentrations are available. No significant correlations were
found between Lp(a) and testosterone concentrations in
myocardial infarction patients and healthy controls (Marques-
Vidal et al., 1995). In normal men, parenteral testosterone
reduced Lp(a) concentrations (Zmuda et al., 1996), whereas,
in males suffering from prostatic carcinoma, parenteral testo-
sterone administration lowered Lp(a) concentrations by 20%,
while orchidectomy increased Lp(a) concentrations by 20%
(Henriksson et al., 1992; Berglund et al., 1996). In patients
with hypogonadism Lp(a) concentrations did not change signi-
ficantly following parenteral testosterone or gonadotrophin
treatment (Ozata et al., 1996). No data have been reported on
the relationship between Lp(a) and androgens in women.
Alternatively, gonadotrophin-releasing hormone (GnRH) ana-
logue administration before starting HMG treatment might

Figure 6. Correlation between midluteal progesterone and influence Lp(a) concentrations. In young volunteer males,
lipoprotein [Lp(a)] percentage change in the subgroup of women pituitary suppression by the GnRH antagonist Cetrorelix was
with baseline Lp(a) �5 mg/dl.

associated with a pronounced increase in Lp(a) concentrations
(Von Eckardstein et al., 1997), although buserelin reduced
concentrations of Lp(a) by 48% in elderly males suffering
from cancer of the prostate (Arrer et al., 1996). Unfortunately,
in Seed’s studies (Seed et al., 1990, 1991) Lp(a) serum
concentrations prior to GnRH analogue administration were
not evaluated.

Haines et al. (1997) reported an increased concentration of
Lp(a) in the luteal phase of natural and HMG-stimulated
cycles, suggesting that progesterone may cause an increase in
Lp(a) serum concentrations. This conclusion, however, was
speculative, as the design of this study did not allow for
evaluation of the separate effects of increased progesterone
and oestrogen concentrations on Lp(a) concentrations. Since
only two blood samplings, in the late midfollicular and
midluteal phases, were performed, and no base data were

Figure 7. Percentage changes in lipoprotein [Lp(a)] at midluteal available, the results could not demonstrate whether the higher
phase in stimulated women with baseline Lp(a) �5 or �5 mg/dl.

Lp(a) concentrations were the outcome of the raised progester-Blood samples were taken at different time points. I � baseline;
one or oestrogen luteal concentrations.II � cylce day 6; III � human chorionic gonadotrophin day; IV �

midluteal. *P � 0.05 (Mann-Whitney U-test). Our data on stimulated cycles demonstrated that Lp(a)
increases only when progesterone is raised. There were no
significant changes in Lp(a) concentrations at the end ofreported to be an independent risk factor both for ischaemic

heart disease and for peripheral vascular disease. the follicular phase, even when very high concentrations of
oestrogens were present.In two small series, respectively 22 and 20 women under-
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Furthermore, the luteal increase in Lp(a) concentrations shown that medroxyprogesterone acetate (MAP) and norgestrel
attenuated the Lp(a)-lowering effect of oestrogen (Kim et al.,in stimulated cycles was statistically correlated with luteal

progesterone increase, but not with follicular or luteal oestradiol 1996). On the contrary, in the PEPI trial, no significant
differences were apparent between CEE only and each com-increase. We found that Lp(a) concentrations did not signific-

antly change during the natural cycle. This finding is consistent bination regimen with MAP or micronized progesterone
(Espeland et al., 1998).with a previous study (Owens et al., 1993) but not with

Haines’ data (Haines et al., 1997). Haines’ study, however, The results of this study demonstrated that urinary and
recombinant FSH administration had similar effects on Lp(a)has many limitations, such as a low number of blood samples

during the menstrual cycle, or the lack of blood sample concentrations. If no pregnancy occurred, we found that after
1 month Lp(a) concentrations fell to pre-treatment values,timing standardization. Therefore, we are led to conclude

that progesterone only at supraphysiological concentrations suggesting that the effect of ovarian stimulation with u-hFSH
or r-hFSH was transitory and the 4-week wash-out period wassignificantly influences Lp(a) concentrations. However, we

cannot rule out that some phenotypes have different responses probably sufficient to eliminate any residual drug influence.
In women who have conceived, Lp(a) concentrations remainedto menstrual cycle progesterone changes. Alternatively, the

luteal Lp(a) increase could be related to a pharmacological elevated. We cannot demonstrate whether an Lp(a) increase
normally occurs during pregnancy or whether it was relatedeffect of the parenteral progesterone administration. Tonolo

et al. (1995) in a small but well-designed study, considering to ovarian stimulation and/or parenteral progesterone adminis-
tration. Few data are currently available on Lp(a) changesonly women with an ovulatory cycle, showed a significant

luteal apo(a) increase in four cases, whereas no significant during spontaneous pregnancy and no study has evaluated
Lp(a) concentrations before and after conceiving. Zechnerchanges were detected in the remaining 11 cases. The four

women with an increase of apo(a) had only S4 bands on et al. (1986) showed that Lp(a) concentrations rose steadily
during the first trimester of pregnancy. However, this studysodium dodecyl sulphate-polyacrylamide gel electrophoresis.

Furthermore, these women had lower plasma mean concentra- did not evaluate Lp(a) concentrations before the eighth week;
furthermore, Lp(a) was measured by the Laurell technique, ations (8 U/dl) compared to the 11 women who showed

no significant apo(a) change (54 U/dl). Indeed, an inverse method with unacceptable analytical sensitivity. Recently,
Sattar et al. (2000) reported a significant increase in Lp(a)correlation between apparent molecular weight and plasma

concentrations of apo(a) has previously been reported, i.e. small values in normal pregnancy between 10 and 35 weeks. Other
authors (Panteghini and Pagani, 1991) observed no significantapo(a) phenotypes are associated with high concentrations of

Lp(a), and large apo(a) phenotypes are associated with low differences between Lp(a) concentrations in non-pregnant
controls and pregnant women before the eighth week ofconcentrations of Lp(a) (Scanu and Fless, 1990; Boerwinkle

et al., 1992; Lackner et al., 1993; Rader et al., 1993; Rader gestation. On the other hand, in stimulated cycles progesterone
concentrations far exceed those in the natural cycle becauseet al., 1994; Querfeld et al., 1999). Thus Tonolo’s data (Tonolo

et al., 1995) suggested that in women with alleles coding high of the presence of multiple corpora lutea and the luteal phase
progesterone supplementation.molecular weight apo(a), the synthesis of apo(a) could be

stimulated by progesterone. In our study we found that women In conclusion, the administration of recombinant or urinary
h-FSH does not directly influence Lp(a) concentrations. Thewith low baseline Lp(a) (�5 mg/dl) had a greater increase in

Lp(a) concentrations at midluteal phase than women with total effects of ovarian stimulation with urinary and recombin-
ant FSH on Lp(a) are comparable and are not related tobaseline Lp(a) �5 mg/dl, providing further evidence that

there is a different sensitivity of the apo(a) phenotypes to gonadotrophin preparations, but appear to be related to the
high luteal progesterone concentrations, physiologically orprogesterone changes.

We are unable to explain why progesterone should increase pharmacologically induced. The luteal Lp(a) increase in stimu-
lated cycles is transitory. Therefore in women undergoingLp(a) concentrations. Previous studies suggest that the effects

of progestogens on Lp(a) concentrations are dependent on the ovarian stimulation using the currently available FSH prepara-
tions, the cardiovascular risk as assessed by Lp(a) is notdose and degree of androgenicity of the preparation employed.

Consistent reductions in Lp(a) concentrations were observed significantly affected.
in patients treated with norethisterone alone at doses of
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Referencesdosages has been reported not to modify significantly the
Arrer, E., Jungwirth, A., Mack, D. et al. (1996) Treatment of prostate cancerfavourable effects on Lp(a) induced by oestradiol (van der

with gonadotropin-releasing hormone analogue: effect on lipoprotein(a).Mooren et al., 1993; Mijatovic et al., 1997). A large study
J. Clin. Endocrinol. Metab., 81, 2508–2511.

regarding the effects of various progestogens combined with Berg, K. (1963) A new serum type in man|the Lp system. Acta Pathol.
Microbiol. Scand., 59, 369–382.conjugated equine oestrogen (CEE) on Lp(a) concentrations has

454



Effect of ovarian stimulation on lipoprotein(a)

Berglund, L., Carlstrom, K., Stege, R. et al. (1996) Hormonal regulation of Maeda, S., Abe, A., Seishima, M. et al. (1989) Transient changes of serum
lipoprotein (a) as an acute phase protein. Atherosclerosis, 78, 145–150.serum lipoprotein(a) levels: effects of parenteral administration of estrogen

or testosterone in males. J. Clin. Endocrinol. Metab., 81, 2633–2637. Marcovina, S.M. and Morrisett, J.D. (1995) Structure and metabolism of
lipoprotein(a). Curr. Opin. Lipidol., 6, 136–145.Boerwinkle, E., Leffert, C.C., Lin, J. et al. (1992) Apolipoprotein(a) gene

accounts for greater than 90% of the variation in plasma lipoprotein(a) Marques-Vidal, P., Sie, P., Cambou, J.P. et al. (1995) Relationships of
concentrations. J. Clin. Invest., 90, 52–60. plasminogen activator inhibitor activity and lipopprotein(a) with insulin,

testosterone, 17β-estradiol; and testosterone binding globulin in myocardialBolibar, I., Thompson, S.G., von Eckardstein, A. et al. (1995) Dose-response
infarction patients and healthy controls. J. Clin. Endocrinol. Metab., 80,relationships of serum lipid measurements with the extent of coronary
1794–1798.stenosis: strong, independent, and comprehensive. Arterioscler. Thromb.

Vasc. Biol., 15, 1035–1042. Meilahn, E.N., Kuller, L.H., Matthews, K.A. et al. (1991) Lp(a) concentrations
among pre- and postmenopausal women over time: the healthy womenBostom, A.G., Gagnon, D.R., Cupples, L.A. et al. (1994) A prospective
study. Circulation, 84 (Suppl. II), 2170 (abstract).investigation of elevated lipoprotein(a) detected by electrophoresis and

cardiovascular disease in women: the Framingham Heart Study. Circulation, Mijatovic, V., Kenemans, P., Netelenbos, J.C. et al. (1997) Oral 17β-estradiol
90, 1688–1695. continuously combined with dydrogesterone lowers serum lipoprotein(a)

concentrations in healthy postmenopausal women. J. Clin. Endocrinol.Cantin, B., Gagnon, F., Moorjani, S. et al. (1998) Is lipoprotein(a) an
Metab., 82, 3543–3547.independent risk factor for ischemic heart disease in men? The Quebec

Cardiovascular Study. J. Am. Coll. Cardiol., 31, 519–525. Mooser, V., Mancini, F.P., Bopp, S. et al. (1995) Sequence polymorphisms in
the apo(a) gene associated with specific levels of Lp(a) in plasma. Hum.Couzinet, B., Lestrat, N., Brailly, S. et al. (1988) Stimulation of ovarian
Mol. Genet., 4, 173–181.follicular maturation with pure follicle-stimulating hormone in women with

gonadotropin deficiency. J. Clin. Endocrinol. Metab., 66, 552–556. Murai, A., Miyahara, T., Fujimoto, N. et al. (1986) Lp(a) lipoprotein as a risk
factor for coronary heart disease and cerebral infarction. Atherosclerosis,Cremer, P., Nagel, D. and Labrot, B. (1994) Lipoprotein Lp(a) as predictor
59, 199–204.of myocardial infarction in comparison to fibrinogen, LDL, cholesterol and

other risk factors: results from the prospective Gottingen Risk Incidence Olijve, W., De Boer, W., Mulders, J.W.M. et al. (1996) Molecular biology
and Prevalence Study (GRIPS). Eur. J. Clin. Invest., 24, 444–453. and biochemistry of human recombinant follicle stimulating hormone

(Puregon). Mol. Hum. Reprod., 2, 371–382.Dahlen, G.H. and Stenlund, H. (1997) Lp(a) lipoprotein is a major risk factor
for cardiovascular disease: pathogenic mechanisms and clinical significance. Orth-Gomer, K., Mittleman, M.A., Schenck-Gustafsson, K. et al. (1997)
Clin. Genet., 52, 272–280. Lipoprotein(a) as a determinant of coronary heart disease in young women.

Circulation, 95, 329–334.Dahlen, G.H., Guyton, J.R., Attar, M. et al. (1986) Association of levels of
lipoprotein Lp(a), plasma lipids, and other lipoproteins with coronary artery Owens, D., Cox, M., Caird, J. et al. (1993) Altered regulation of cholesterol
disease documented by angiography. Circulation, 74, 758–765. metabolism in Type I diabetic women during the menstrual cycle. Diabetic

Med., 10, 647–653.Espeland, M.A., Marcovina, S.A., Miller, V. et al. (1998) Effects of
postmenopausal hormone therapy on lipoprotein(a) concentration. Ozata, M., Yildirimkaya, M., Burul, M. et al. (1996) Effects of gonadotropin
Circulation, 97, 979–986. and testosterone treatments on lipoprotein(a), high density lipoprotein

particles, and other lipoprotein levels in male hypogonadism. J. Clin.Farish, E., Rolton, H., Barnes, J. and Hart, D. (1991) Lipoprotein(a)
Endocrinol. Metab., 81, 3372–3378.concentrations in postmenopausal women taking norethisterone. Br. Med.

J., 303, 694. Panteghini, M. and Pagani, F. (1991) Serum concentrations of lipoprotein(a)
during normal pregnancy and postpartum. Clin. Chem., 37, 2009–2010.Farish, E., Spowart, K., Barnes, J.F. et al. (1996) Effects of postmenopausal

hormone replacement therapy on lipoproteins including lipoprotein(a) and Querfeld, U., Döpper, S., Gradehand, A. et al. (1999) Long-term treatment
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