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Abstract 

The effects of four different treatment schedules on serum lipid concentrations were studied for 1 year in 402 
postmenopausal women in the Kuopio Osteoporosis Study. The women were randomized to four treatment groups: 
A, Sequential combination of estradiol valerate and cyproterone acetate (Climeno); B, Vitamin D,, 300 IU/day; C, 
Clime@ + Vitamin D,; D, placebo. In group A, serum concentrations of total cholesterol (Chol) decreased by 4.8% 
in 6 months and by 6.2% in 12 months (P < O.OOl), but in group C the decrease was only 2.9% in 6 months (P < 
0.05) and 3.4% in 12 months (P < 0.01). The decline of total-Chol in group A was accounted for by the 6.8% to 7.5’%1 
decrease in LDL-Chol levels (P < 0.001). The decrease of LDL-Chol in group C was statistically non-significant. Use 
of vitamin D, (group B), increased serum Chol by 2.7% (6 months), P < 0.05 and by 2.1% (12 months) and the in- 
creases were the result of the 6.0% to 6.2% increase in LDL-Chol levels in 6 and 12 months, respectively (P < 0.001). 
Serum concentrations of HDL-Chol and TG remained relatively stable in all groups. No correlations were found be- 
tween LDL-Chol, 25-OH-D, and l,25(OH)z-D, levels in group B. Our results confirm the beneficial effect of estradiol 
valerate and cyproterone acetate on the lipid profile. In contrast, vitamin D, had a negative influence on this profile 
by increasing serum concentrations of LDL-Chol. In addition, vitamin D, inhibited the positive effects of estradiol 
valerate on LDL-Chol. Because no correlations were found between LDL-cholesterol, 25OH-D, and I ,25-(OH),-D, 
in the vitamin D, group, elucidation of the mechanism behind the elevation of LDL-Chol remains for further studies. 
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1. Introduction 

Coronary heart disease (CHD) is one of the 
most prevalent causes of death among women 
after menopause. In fact, menopause is associated 
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with unfavorable changes in serum lipid profiles. 
A high concentration of low density lipoprotein 
cholesterol (LDL-Chol) and a low concentration 
of high density lipoprotein cholesterol (HDL- 
Chol) in serum are both linked to increased risk of 
CHD. 

Estrogen affects the cardiovascular system by 
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changing plasma lipoprotein concentrations favor- 
ably. An elevation of plasma HDL-Chol by 1 
mg/lOO ml reduces the risk of CHD by 5% [l]. 
Other mechanisms such as increased arterial wall 
impedance [2], a beneficial effect on prostacyclin 
levels and enhanced insulin action, may also be in- 
volved. 

Several investigators have demonstrated the 
beneficial effect of estrogen therapy on the inci- 
dence of CHD in postmenopausal women [3,4]. 
Using the technique of meta-analysis, Stampfer 
and Colditz [5] estimated that current use of estro- 
gen reduces the risk of CHD by about 40% The 
addition of progestogen to the therapy eliminates 
the risk of abnormal endometrial hyperplasia [6], 
but may oppose or even reverse the beneficial ef- 
fects of estrogen on serum lipid concentrations. 
Androgenic 19-nortestosterone derivatives have 
more unfavorable effects on lipid profiles [7,8] 
than 17-OH-progesterones, such as cyproterone 
acetate [9,10]. 

The results of most previous studies in animals 
and humans suggest that supplementary vitamin 
DX is hypercholesterolemic and therefore athero- 
genie [ 1 l-151, but some controversy exists, how- 
ever [ 16- 181. In addition, chronic vitamin D3 ex- 
cess has been related to the etiology of both 
atherosclerosis and osteoporosis [ 191. 

In our prospective study we examined the effects 
on serum lipids of estradiol valerate combined 
with cyproterone acetate, and/or vitamin D3, in 
402 postmenopausal women for a I-year period. 

2. Subjects and methods 

2. I. Subjects 
The patients in our study are a sub-group of the 

Kuopio Osteoporosis Risk Factor and Prevention 
Study population, which primarily consisted of all 
47-56 year old women of the Kuopio province of 
Eastern Finland in 1989 [20]. The baseline postal 
inquiry was sent to the whole female population, 
which consisted of 14 200 women of this age. 

In 1990-1991, bone mass density (BMD) was 
measured in 3220 perimenopausal women, who 
were a random stratified sample of those willing to 
undergo bonedensitometry. A total of 464 eligible 
women were selected for a 5-year prospective trial, 

with the aim of examining the effects of hormones 
and cholecalciferol on serum lipids and BMD. 

The women were randomized to four treatment 
groups: A, Sequential combination of 2 mg estra- 
diol valerate (days 1-21) and 1 mg cyproterone 
acetate (days 12-21), and a treatment-free interval 
(days 22-28) (Clime@, Schering Ltd); B, Vitamin 
D,, cholecalciferol (300 NJ/day), no intake during 
June-August (D-Calsor@, Orion Ltd); C, 
treatments A+B combined; D, placebo, calcium 
lactate (500 mgday, contains 93 mg Ca2+, Cal- 
cium Lactate@, Rohto Ltd). 

All the women were postmenopausal according 
to the criterion that from 6 months to 2 years had 
elapsed since their last natural or hormone- 
induced menstruation. Only the women without 
contra-indications for hormonal replacement ther- 
apy (HRT) were accepted to the clinical trial, but 
previous use of HRT was accepted. In our study, 
contra-indications were, for example, history of 
breast cancer or cancer of corpus uteri, throm- 
boembolic diseases and medication-resistant hy- 
pertension. 

The women were randomized to the four dif- 
ferent groups through use of a computer program. 
The personnel involved in gynecological examina- 
tions were unaware of the group allocations. In 
cases where a woman wanted to change group, she 
was excluded from the study. 

Thirteen women using medication for hyper- 
cholesterolemia were excluded from this analysis. 
Dietary instructions were given after 6 months of 
therapy in those cases where there were highly 
elevated serum total cholesterol concentrations (2 
7.0 mmol/l) at baseline. 

After exclusion, missing information and drop- 
outs, there were 402 patients included in the final 
analysis. The drop-outs in the vitamin D, (B) 
group were a result of HRT started because of low 
BMD (n = 2), climacteric symptoms (n = 2) or hy- 
perplasia cystica glandularis (n = 2), and four 
women dropped out for personal reasons. In the 
placebo group (D) one woman started HRT be- 
cause of climacteric symptoms and the other who 
dropped out started progestogen therapy because 
of endometrial hyperplasia. In hormone groups A 
and C, drop-outs were usually a result of excessive 
bleeding (n = 10) or headache (n = 5). 
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Written informed consent was obtained from 
the participants, and the trial was approved by the 
ethics committee of the participating institution. 

2.2. Analyses 
Serum concentrations of cholesterol (Chol), 

HDL-Chol, LDL-Chol, and triglycerides (TG) 
were determined before therapy and after 6 and 12 
months of therapy. 

The assay of total Chol in serum was performed 
enzymatically using the CHOD-PAP method of 
Boehringer (Mannheim, Germany) and a Hitachi 
705 Analyzer (Tokyo, Japan). The same method 
was also used for HDL-Chol after precipitation of 
LDL-Chol and VLDL-Chol by dextran sul- 
fate/MgCl, [21]. The concentrations of serum tri- 
glycerides (TG) were measured enzymatically 
using the GPO-PAP method (Boehringer) and a 
Hitachi 705 Analyzer. The concentration of serum 
LDL-Chol was calculated according to the for- 
mula of Friedewald et al. [22]: LDL-Chol = Total 
Chol - (HDL-Chol + 0.45 x TG). 

data, as appropriate. As the serum lipid concentra- 
tions were not normally distributed, log transfor- 
mation was used in MANOVA. Post-hoc com- 
parison was made by t-tests for paired data with 
Bonferroni correction. One-way analysis of vari- 
ance with Newman-Keuls’ test was used to test the 
significance of differences in baseline character- 
istics of the four groups. P-values less than 0.05 
were considered to indicate statistical significance. 
Correlations between changes in concentrations of 
LDL-Chol, 25-OH-D, and 1 ,25-(OH)2-D3 were 
examined by two-tailed Pearson correlation. 

3. Results 

There were no significant differences in clinical 
variables in the four groups before the study. 
However, the previous history of HRT differed 
significantly between the groups (Table 1). 

The plasma 25-OH-D, and 1,25-(OH)*-D, con- 
centrations were determined in frozen plasma sam- 
ples from 18 patients in each of the four groups at 
baseline and after 12 months of treatment, using a 
competitive protein-binding assay [23]. 

2.3. Statistical methods 
The results are reported as mean f SD. or 

standard error of mean (S.E.M.). Multivariate 
analysis of variance for repeated measures 
(MANOVA) was used to analyze the longitudinal 

The effects of the four different treatment 
schedules on serum concentrations of lipids and li- 
poproteins in time are shown in Fig. 1 and Table 
2. Serum total cholesterol concentrations decreas- 
ed significantly in group A (4.8% at 6 months and 
6.2% at 12 months; P < 0.001 at both time points) 
and group C (6 months, P < 0.05; 12 months, P 
< 0.01). In contrast, serum total Chol concentra- 
tions increased in group B (6.23 f 0.10 (S.E.M.) 
mmol/l to 6.40 f 0.12 mmol/l to 6.36 f 0.11 
mmol/l at 0, 6 and 12 months, respectively). 

The decline in total Chol concentrations in 
group A was accounted for by the 6.8% to 7.5% 
decrease in LDL-Chol levels (P < 0.001). The 

Table I 
Clinical data on 402 postmenopausal women allocated to four different treatment schedules at baseline” 

Treatment Age Menopausal Weight Height Previous HRT N 

group (years) years (kg) km) (years) 

A 52.93 f 2.26 I.18 f 0.47 70.38 f 12.88 161.70 f 5.20 1.04 f l.87* 94 

B 52.98 f 2.32 I.17 f 0.46 70.83 * 10.96 161.63 zt 5.12 0.53 f I.13 102 

C 52.51 zt 2.21 I.15 f 0.48 70.07 A 12.54 161.66 f 5.40 0.85 f 1.53 101 

D 52.61 f 2.19 I.17 f 0.47 67.40 zt 9.40 160.20 f 5.04 0.43 l 0.93 105 

“One-way ANOVA: values are given as means f S.D. 
*P < 0.01. 

A. estradiol valerate (2 mg) and cyproterone acetate (I mg) sequentially; B. cholecalciferol (300 IU/day) no intake from June to 
August; C, A+B combined; D, placebo, calcium lactate (500 mg/day). 
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Fig. 1. The effects of four different treatment schedules on serum lipid profiles in 402 postmenopausal women in I year of follow-up 
(r-test for paired samples). A, estradiol valerate (2 mg) and cyproterone acetate (1 mg) sequentially; B, vitamin D, (300 iU/day). no 
intake from June to August inclusive; C, A+B combined; D, placebo. calcium lactate (500 mg/day). *P < 0.05 vs. baseline value, 
**P < 0.01 vs. baseline value, ***P < 0.001 vs. baseline value. 

Table 2 
Serum low-density lipoprotein cholesterol (LDL-Chol 
mmol/l f S.E.M.) before and during the 6th and 12th months 
of therapy in four treatment groups” 

Treatment Before 6 months 12 months 
group treatment 

A 4.26 AZ 0.93 3.97 l o&w* 3.94 * 0.09* 
B 4.02 + 0. I1 4.26 f O.l2* 4.27 zt 0.1 I* 
C 3.87 f 0.12 3.82 f 0.10 3.79 f 0.10 
D 4.21 zt 0.16 4.14 f 0.10 4.12 zt 0.10 

“I-test for paired samples. 
l P < 0.001 vs. baseline values. 

A. estradiol valerate (2 mg) and cyproterone acetate (I mg) se- 
quentially; B, cholecalciferol(300 IWday) no intake from June 
to August; C, A+B combined: D, placebo, calcium lactate (500 
Wday). 

decrease in LDL-Chol in group C was not 
statistically significant. The increase in total Chol 
in group B was accounted for by a 6.0% to 6.2% 
increase in LDL-Chol levels (P < 0.001). Serum 
HDL-Chol concentrations were stable in this 
group. 

According to MANOVA, there were no statisti- 
cally significant differences in serum HDL-Chol or 
TG concentrations in time or between the groups. 
However, insignificant increases in TG concentra- 
tions were found in all groups (Fig. 1). 

There were no correlations between concentra- 
tion changes in LDL-Chol, 25OH-D3, or 1,25- 
(OH&-D, in groups B and D. However, in women 
using estrogen (groups A and C), a negative corre- 
lation was found between LDL-Chol and 1,25- 
(OH),-D3 (r = -0.450, P  = 0.093 and r = -0.506, 
P  = 0.032, respectively). 
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4. Discussion 

Our study evaluates the effects of four different 
treatment schedules on the concentrations of 
serum lipids in 402 postmenopausal women, who 
were volunteers from the population-based 
Kuopio Osteoporosis Study. Randomization was 
chosen in group allocation to minimize bias. As 
regards clinical data, this was successful. However, 
the baseline total cholesterol levels varied between 
the groups. The higher baseline cholesterol in 
group A cannot be explained by differences in pre- 
vious HRT, even though the duration of previous 
HRT was greatest among group A. The baseline 
differences in serum lipid levels between the 
groups is most likely a result of coincidence, gene- 
tic factors or differences in dietary habits. 

[14,15]. Most of the previous results suggest that 
vitamin D3 is hypercholesterolemic and hence 
atherogenic [ 1 1 - 151. Dalderup [ 121 investigated 25 
farmers taking 700-2500 IU vitamin D3 daily and 
they had significantly higher serum Chol levels 
than the other 75 men in the study who did not 
take vitamin Ds. In the Troms0 Heart Study [ 131, 
the reported consumption of vitamin D3 was 
significantly higher in myocardial infarction pa- 
tients than in non-infarction groups. Later, how- 
ever, direct measurement of serum 25-OH-D levels 
revealed no differences between infarction and 
non-infarction groups [ 181. 

A ‘positive’ alteration in the serum lipid profile 
is regarded as one of the most important means of 
reducing the risk of CHD among women using 
HRT. Exogenous estrogen suppresses hepatic li- 
pase activity, thereby raising the circularing level 
of HDL-Chol [24] and lowering LDL-Chol levels. 
The co-administration of progestogen with estro- 
gen therapy may compromise the beneficial effects 
of estrogen on serum lipid concentrations [7]. 
Cyproterone acetate is a derivative of 17-OH- 
progesterone and it has no androgenic properties 
[25]. In the present study, the combination of es- 
tradiol valerate and cyproterone acetate decreased 
serum total Chol by 4.8% to 6.2% in a 1 year 
period. The decrease of serum total Chol was a 
result of a decrease in LDL-Chol levels, the con- 
centrations of HDL-Chol and TG remaining 
relatively steady. Consequently, our results con- 
firm the beneficial effect of estradiol valerate com- 
bined with cyproterone acetate on the lipid profile, 
as has been shown in several other studies [9,10]. 

Hooper et al. [26] studied the relationship be- 
tween vitamin status and serum lipid levels in pa- 
tients over the age of 60. In women, serum Chol 
concentrations correlated inversely with dietary 
intake of vitamin Ds. Plasma LDL-Chol concen- 
trations were inversely correlated with both intake 
and plasma vitamin Ds levels. In the recent study 
by Auwerx [27], with 185 men and 173 women, 
there was a positive correlation between serum 25- 
OH-D3 and HDL-Chol levels. Serum 25-OH-D3 
was not significantly correlated with serum total 
Chol. 

Surprisingly, vitamin D3 supplementation had a 
negative influence on lipid profiles, elevating 
LDL-Chol levels by 6.0% to 6.2% in the 1 year 
period. When one compares the effects on the 
LDL-Chol profiles between the estradiol group 
and the estradiol plus vitamin D, group, it ap- 
pears that vitamin D, inhibited the positive effect 
of estradiol valerate on LDL-Chol concentrations. 

In the present study, serum 25-OH-D3 and 
1 ,25-(OH)2-D3 levels were evaluated among 18 pa- 
tients in each of the groups during February and 
March at the baseline and after 12 months of treat- 
ment. The same season was used in order to avoid 
seasonal variation. There was no correlation be- 
tween the concentration changes in LDL-Chol, 25- 
OH-D3 and 1,25-(OH)*-Ds in the vitamin D? 
group or the placebo group. Hence, the elevation 
of LDL-Chol in the vitamin DJ group cannot be 
explained by changes in these metabolites of 
cholecalciferol. We did not assay other metabol- 
ities such as 24,25-(OH)2D or 23,24,25-(OH)jD. 
In the estradiol group there was a positive correla- 
tion between HDL-Chol levels and 1,25-(OH)zDj 
levels and inverse correlation between LDL-Chol 
levels and 1,25-(OH)2-Ds in both the estradiol 
group and the estradiol + vitamin D group. This 
finding suggests that estradiol valerate is able to 
prevent the adverse effects of vitamin D3 on the 
serum lipid profile. 

There are only a few studies concerning the ef- Vitamin D, is a very important compound in 
fects of cholecalciferol on lipids [ 13,16- 18,261 and children, since it prevents rickets. Lack of vitamin 
some of these have been carried out in animals DJ also results in osteomalacia, common in peo- 
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ple with reduced exposure to ultraviolet light and 
inadequate dietary intake of vitamin D3 [28]. Os- 
teoporosis and osteomalacia have been shown to 
be associated with hip fractures, a major problem 
among elderly women [29]. This was the reason 
why we included vitamin D3 as one of the 
treatments to be followed-up in our study, to in- 
vestigate its effects on BMD in postmenopausal 
women, We now must speculate whether the nega- 
tive metabolic changes caused by vitamin D3 are 
totally desirable in elderly people. 

PI 
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141 

The baseline laboratory values were reported to 
all the patients after 6 months of treatment and 
dietary instructions were issued to those women 
with elevated serum concentrations of total choles- 
terol. The change in dietary habits may be 
reflected in the decreased total cholesterol levels at 
the 12 month appointment. In the placebo group, 
the decrease was 0.9% after 12 months of treat- 
ment. However, the groups studied were relatively 
large, so this may decrease the effects of dietary in- 
structions on lipid profiles. Seasonal variation in 
serum concentrations of 25OH-D3 may also 
cause some seasonal variation in HDL-Chol con- 
centrations [27]. 
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In conclusion, our prospective study with 402 
postmenopausal women confirms the beneficial 
effect of estradiol valerate on circularing lipid pro- 
files. In contrast, supplementation by vitamin D3 
had a negative influence on this profile by increas- 
ing LDL-Chol levels. The mechanism of this ac- 
tion is not yet completely explained. On the basis 
of this result, addition of vitamin D, supplement 
to the diet may increase the risk of coronary heart 
disease via its harmful effects on the serum lipid 
profile. 
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