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Abstract

This study has been designed with the aim of assessing the im-
pact of six months of treatment with four hormonal contraceptives
using different routes of administration (oral, transdermal and vagi-
nal) on the plasma levels of cholesterol, triglycerides, HDL cholester-
ol and LDL cholesterol.

Study design

This is an observational, prospective, randomised and concur-
rent study amongst women of childbearing age (18-45 years), under
normal clinical practice conditions, who attend a family planning ap-
pointment to request a hormonal contraceptive and do not meet any
of the study’s exclusion criteria and have no contraindications for the
use of hormonal contraceptive methods.

Materials and methods

324 women were included using a group randomisation system
with the following distribution: 64 were randomised to the transder-
mal Norelgestromin group, 61 to the transvaginal-release Etonoges-
trel group, 67 to the oral Chlormadinone group, 69 to the oral
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Drospirenone group and 63 to a control group in which the subjects
were not given any type of treatment. Plasma levels of cholester-
ol, triglycerides, HDL cholesterol and LDL cholesterol were deter-
mined before treatment and six months after taking the hormone
steroid treatment, except in the case of the control group which was
not give any medication.

Results

A statistically significant reduction of LDL cholesterol was found
in the treatment group that received oral Chlormadinone and in the
control group. On the contrary, this value increased in the other
treatment groups, although this was not of statistical significance.

Keywords: Coagulation parameters; Hormonal contraceptives;
Platelet; Venous tromboembolism

Introduction

The association of Hormonal Contraceptives (HC) and increased
risk of cardiovascular disease and of Venous Thromboembolism
(VTE) has been demonstrated in different studies [1,2], with evidence
of a direct relation between this risk and the dose of the oestrogen
component in the formulation [3,4].

In this respect, there has been a great emphasis in the past decades
on the influence of plasma lipoproteins as a cardiovascular risk factor,
to such an extent that any abnormal lipid profile was associated with
increased cardiovascular risk.

It is widely accepted that the oestrogen component has a positive
effect on the lipid profile, and thus, the higher the oestrogen dose in
the preparation, higher is the positive effect on lipoproteins [5-8] (Fig-
ure 1). The evolution of contraceptives has tended to reduce the oes-
trogen/progestogen ratio, which has been counteracted by a reduction
in the progestogen dose, leading to lower androgenicity. Preparations
containing second-generation progestogens have a more negative ef-
fect on the lipid profile in relation to HDL levels, in comparison with
those that contain third-generation progestogens. This difference is
reduced when the progestogen and accompanying oestrogen doses are
lowered (Table 1). The untoward effects of progestogen lead to a rise
in LDL-cholesterol and apoprotein B, and a fall in HDL cholesterol
and apoprotein A, all of which leads in turn to an atherogenic profile.

In this respect it has been demonstrated that Norgestimate,
Desogestrel and Gestodene increase HDL-C (lipoprotein protectors)
but it is not known whether these biochemical changes are important
from a clinical point of view [9-11]. Engel et al. [12], performed coro-
nary angiography in women who had suffered a myocardial infarction
and found that 36% of the women who had used oral contraceptives
had diffuse atherosclerosis, while 79% of those who did not use oral
contraceptives also had it, concluding that in women with previous
myocardial infarction who were taking oral contraceptives, the in-
farction was not of atherosclerotic origin, but rather of thrombotic
origin. This viewpoint supports the hypothesis put forward by Lobo et
al. [13], that micro-dose oral contraceptives, including last-generation
progestogens, afford heart protection.
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Figure 1: Influence of different CHCs on the lipid profile (¥p<0.05).
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Table 1: Effect of steroids on the lipid profile [5-8].

Low-dose contraceptives have no effect on total cholesterol and its
fractions, despite reducing the progestogen/oestrogen ratio, since the
type of progestogen has been modified (it is less androgenic) and the
dose has also been reduced [5,14].

In this study we used low-dose HC, varying the progestogen com-
ponent and route of administration as authorised in recent years on the
Spanish market. Thus, the following combinations of HC were given
for 6 months:

¢ Transdermal route (once weekly administration): We used a
Transdermal Patch (TRS) containing 6 mg of Norelgestromin
(NGMN) / 0.600 mg of Ethinyl Estradiol (EE), with daily release
0f 0.203mg NGMN / 0.020mg EE

¢ Vaginal route: we used a Vaginal Release System (VRS) con-
taining 11.7mg of Etonogestrel (ENG) and 2.7mg of EE. The ring
releases an average of 0.012mg of ENG and 0.015mg of EE re-
spectively, every 24 hours, for 3 weeks.

¢ Oral route:

Combined HC containing 2mg of Chlormadinone Acetate (CMA)
and 0.030mg of EE.

Combined HC containing 3mg of Drospirenone (DRSP) and
0.030mg of EE.

Methods
Study design

The study scrupulously followed the recommendations of the
Declaration of Helsinki (Hong Kong, 1989), European Good Clinical
Practice Guides, and all participants were duly informed in writing,
and provided their consent before commencing the study.

The women were randomised into 5 groups. 4 of these groups
were treatment groups: NGNM group (TRS, 0.120mg NGMN/
0.02mg EE); ENG group (VRS, 0.120 ENG and 0.015mg EE); CMA
group (oral, 2mg CMA/ 0.030mg EE); DRSP group (oral, 3mg DRSP/
0.030mg EE); and a control group (which was not given any CHC).

The contraceptive was administered on the first day following
menstruation, and each patient was informed of the correct method of
administering each CHC.

The study was conducted in the gynaecology clinic at the Vicalva-
ro Municipal Health Centre in Madrid (Spain) between October 2008
and February 2009.

The study inclusion criteria were: Women of childbearing age (18-
45 years), without any contraindications for having hormonal con-
traceptives prescribed, who were not planning to become pregnant
during the duration of the study (6 months) and who attended the
gynaecology clinic requesting a hormonal contraceptive method in
the case of the patients in the treatment groups, or for a routine check-
up, not having used any hormonal contraceptive method for 6 months
prior to commencing the study (control group).

The study exclusion criteria included contraindicated use of CHC,
age under 18 or over 45 years old, women who might want to become
pregnant within 8 months, patients who did not agree to undergo clin-
ical and laboratory tests at the intervals defined in the study protocol,
and women who referred to poor compliance with the established
dose regime in their contraceptive history.

The study was planned to last 6 months and entailed 2 visits: A
baseline visit and a final visit.

The following procedures were scheduled at the baseline visit:
medical history, cervical-vaginal cytology, transvaginal ultrasound,
verification of normal laboratory test values with regard to lipid pro-
file and blood biochemistry, recording of blood pressure, height and
weight, and calculation of Body Mass Index (BMI).

After 6 months of treatment, a second visit was scheduled in or-
der to assess the following parameters: treatment follow-up, medi-
cal history, transvaginal ultrasound, evolution of laboratory values,
recording of blood pressure, height and weight, calculation of BMI,
compliance with medication regime, as well as an assessment of any
adverse events derived from the use of the CHC.

Laboratory tests

Blood samples were obtained through venipuncture. Approxi-
mately 12ml of blood were taken and distributed as follows: 3ml in a
glass test tube containing 0.05ml of 8% EDTA for haematology; 4ml
in a glass test tube without anticoagulant for biochemistry. A Coulter
autoanalyser was used for the blood count and a Siemens ADVIA®
1650 Chemistry System autoanalyser was used for biochemistry.

Lyphochek® and Assayed Chemistry Control (Biorad) were used
as reference controls for the different laboratory values.

The specific laboratory values that were determined for the lipid
profile parameters were: Total cholesterol (g/dL); HDL cholesterol (g/
dL); LDL cholesterol (g/dL), triglycerides (g/dL).

We also calculated the atherogenicity index in each subject in the
treatment groups and in the control group.
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Statistical analysis

We assessed the influence of the four OHC on the lipid parameters.
All parameters have been summarised, with respective descriptive
statistics, mean and standard deviation.

We used Student’s t-test to compare the biochemistry parameters.
We used SPSS v.15.0 statistical package for the statistical analysis of
data.

Statistical significance was considered as a value of p<0.05.
Results
Distribution of study subjects

A total of 324 women of childbearing age were included. They
were randomised to the following groups: EE/NGMN (n=64); EE/
ENG (n=62); EE/CMA (n=68); EE/DRSP (n=70); Control (n=64).

During the 6 months that the study lasted, there were no drop-outs
for adverse effects, protocol breaches or non-compliance with inclu-
sion criteria.

Baseline characteristics

Baseline demographic data included age, weight, height, BMI and
age at first menstruation (menarche) (Table 2). It can be observed that
there were no differences between the different study groups.

Lipid parameters

The data for the lipid parameters assessed in this study are shown
in table 3.

The group given EE/NGMN through TRS (transdermal release
system) underwent a mean increase of 11.55mg/dl in total cholesterol.
Their HDL cholesterol values, in turn, underwent a mean increase of
7.74mg/dl. LDL cholesterol levels remained almost unchanged, un-
like triglyceride levels, which underwent a mean increase of 17.32mg/
dl at the end of the study period.

On the other hand, the EE/ENG treatment group, administered
through VRS (vaginal release system) also showed a small increase
in total cholesterol values, of 5.26mg/dl. HDL and LDL cholesterol
values at the end of the study hardly changed at all in comparison with
the baseline values. A slight upward trend was observed in the mean
triglyceride value, of 7.49mg/dl.

With regard to the women included in the oral EE/CMA treat-
ment group, a small increase was found in total cholesterol values,
of 7.77mg/dl. HDL cholesterol values underwent a mean increase
of 8.32mg/dl. There was a noteworthy fall in mean LDL cholesterol

values from the start to the end of the study, of 6.2mg/dl. On the con-
trary, triglyceride values increased 20.79mg/dl.

When analysing the group of women who were given the oral
preparation containing ethinyl estradiol and drospirenone, they were
found to have an increase in total cholesterol of 7.66mg/dl. The HDL
cholesterol level increased 6.4mg/dl at the end of the six-month treat-
ment period. The end LDL cholesterol values were similar to those
obtained in the first test. Triglyceride values rose minimally, by
8.49mg/dl.

Amongst the women who were not subjected to exogenous steroid
hormone action (control group), there was a minimal fall in total cho-
lesterol levels of 4.75mg/dl. The most notable finding in the second
test results in this group of women was that the HDL cholesterol and
triglyceride values remained unaltered in comparison with the base-
line tests. However, the LDL cholesterol values decreased by 6.78mg/
dl in comparison with the initial values, even though these women
were not given any treatment.

Discussion

Contraceptive measures are not a modern practice. Efforts to limit
reproduction are as ancient as sexual relations themselves. Contra-
ceptives are one of the most commonly-used synthetic substances
worldwide in preventing pregnancy. They are not risk free, however,
and appropriate medical assessment is required before starting to take
them.

Combined hormonal contraceptives are composed of two sub-
stances, regardless of the route of administration that is chosen. One is
a synthetic (not natural) oestrogen. The commonest is ethinyl estradi-
ol and, less frequently, mestranol. The metabolism of this compound
varies from person to person and in different populations. At the same
dose, positive and negative effects can be highly variable [15-17].
During the course of the broad experience that has been gained with
these compounds, great importance has been given to the dose of the
oestrogen component, and its relationship with undesired side effects,
such as thromboembolism and circulatory problems [17-19].

The second component is gestagen or progestogen. This com-
pound has undergone great changes in the last 20 years, because new
products have been developed with lower doses, leading to a signifi-
cant reduction in side effects, such as androgenic manifestations and
modifications in the lipid profile [20-23].

Older contraceptives had a high dose of progestogens and were
associated with adverse changes in the lipid profile [7,24]: Decreased
HDL-C and increased LDL-C, creating atherogenic conditions [25].
Oestrogens in themselves cause an increase in HDL-C and lower
LDL-C, and therefore the lipid profile depends on the balance be-
tween the effects of oestrogen and progestogen.

EE/NGMN (n=62) | EE/ENG (n=60) EE/CMA (n=68) EE/DRSP (n=70) Control (n=64)
Age (years) 28+6.15 28.77413.18 29.79+7.23 28.5146.20 33.66+5.86
Weight (kg) 62.38+13.18 60.14+11.93 60.8148.53 61.36+8.27 64.00+11.79
Height (cm) 181.66+8.14 131.13+22.68 161.44+6.64 162.26+6.04 161.63+6.16

BMI: 23.3143.78 22.68+3.92 23.03+2.72 23.1443.17 24.1343.96

Menarche (years) 12.34+1.3 12.77+1.64 12.26£1.5 12.66+1.02 12.66+1.4

Table 2: Baseline demographic data.
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( A
Mean Min Max Standard Dev. P
EE/NGMN (n=62) Tot chol Start 183.74 99 250 39.62 0.00055
6 cycles 195.29 118 275 34.68
HDL-Chol Start 59.61 40 81 10.10 0.00000
6 cycles 67.35 46 96 11.65
LDL-Chol Start 112.68 37 200 35.05 0.88517
6 cycles 113.06 37 204 29.88
TG Start 82.26 25 159 3247 0.76883
6 cycles 99.58 33 211 47.17
EE/ENG (n=60) Tot chol Start 179.97 116 252 32.05 0.25729
6 cycles 185.23 89 260 44.28
HDL-Chol Start 62.84 42 105 13.38 0.40696
6 cycles 64.26 44 103 17.40
LDL-Chol Start 104.77 55 174 24.27 0.95225
6 cycles 104.97 45 184 33.37
TG Start 77.90 38 170 31.57 0.07470
6 cycles 85.39 56 180 35.77
EE/CMA (n=68) Tot chol Start 177.79 131 265 32.34 0.01784
6 cycles 185.56 116 259 35.16
HDL-Chol Start 62.09 42 91 11.19 0.00000
6 cycles 70.41 36 112 17.03
LDL-Chol Start 103.32 59 158 28.51 0.03868
6 cycles 97.12 39 150 28.51
TG Start 78.06 40 200 34.06 0.00000
6 cycles 98.85 40 219 45.01
EE/DRSP (n=70) Tot chol Start 174.97 106 238 33.49 0.10900
6 cycles 182.63 115 262 44.12
HDL-Chol Start 63.66 34 101 19.07 0.00011
6 cycles 70.06 41 112 21.74
LDL-Chol Start 98.40 56 143 22.42 0.87503
6 cycles 98.94 48 187 30.47
TG Start 77.54 29 206 35.65 0.01645
6 cycles 86.03 37 220 40.05
Control (n=64) Tot chol Start 182.78 138 228 24.13 0.08242
6 cycles 178.03 140 214 21.06
HDL-Chol Start 59.97 36 79 9.75 0.66525
6 cycles 59.50 37 80 9.19
LDL-Chol Start 110.03 71 165 22.37 0.00334
6 cycles 103.25 58 140 17.79
TG Start 83.72 40 183 35.24 0.84350
6 cycles 84.72 31 199 40.90
Table 3: The effect of study treatment on lipid and lipoprotein profiles.
N J

It is very likely that the ethinyl estradiol in oral contraceptives
directly protects coronary arteries from atherogenesis, inhibiting
LDL-C in blood vessel walls [25]. It is believed that third-generation
progestogens have a neutral action on lipids and therefore, combined
oral contraceptives containing progestogens would have a positive ef-
fect on lipid changes [25].

In this study, the products that we analysed had a similar quantity
of EE, belonging to the so-called low-dose CHC group, and we varied
the progestogen dose and route of administration. A correct balance
between the EE and progestogen content in the preparation is very
important in order to minimise the impact on the lipid profile [26].

Randomised clinical trials that are available at present have been
conducted on small sample groups, and do not compare risks between
women taking OHC and those who do not, but between women taking
different types of OC. Some studies have found statistically signifi-
cant increases in different biochemistry parameters, but within nor-
mal values.

Evidences obtained from first-generation OCs cannot be extrap-
olated to third-generation preparations that are used nowadays, with
ethinyl estradiol doses that are six times lower and combined with
radically different progestogens [19,27]. In general, the actions of
synthetic steroids are very different when oestrogens or progestogens
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are used on their own or in combination. Ethinyl estradiol causes an
increase in HDL, a reduction in LDL plasma levels, and increased
VLDL, and TGL to a lesser extent [28-30]. In general, progestogens
reduce VLDL and HDL fractions in plasma and increase LDLs [28-
30].

However, there are very significant differences between the differ-
ent types of progestogens. The strongest atherogenic action is found
in 19-nortestosterone derivatives (norethisterone and lynestrenol). On
the contrary, the least impact is presented by hydroxyprogesterone
derivatives (cyproterone acetate) and third-generation progestogens
[20-23]. As a consequence, the global effect of OCs depends, theoret-
ically, on the combination of the EE dose and the type and dose of the
progestogen.

Oestrogens act on HDLs by means of two mechanisms: by sup-
pressing hepatic lipase activity, leading to a reduction in HDL2 con-
version into HDL3, and by increasing apoprotein A synthesis [30-32].
On the contrary, androgenic progestogens stimulate hepatic lipase
activity. These mechanisms explain why an increase in oestrogen-in-
duced increase in HDLs can be counteracted by the progestogenic
component [33,34]. That is why OCs in current use contain third-gen-
eration progestogens, offering a clearly positive balance in HDL me-
tabolism because they do not neutralise the beneficial effects of EE.

The mechanism by which androgenic progestogens increase LDL
values is still not clear. Theoretically, the way these progestogens
stimulate hepatic lipase activity should facilitate VLDL conversion
into LDL [33,34]. This mechanism, together with the EE-induced
stimulation in VLDL production, could result in increased LDL val-
ues. Contraceptive preparations containing third-generation progesto-
gens has a lesser impact on the lipid profile.

OHC action on VLDLs and TGs represent one of the most import-
ant aspects in the way OCs influence lipid metabolism. The majority
of studies have found an increase in TG and VLDL plasma values in
eminently oestrogenic preparations, as a result of the increased VLDL
product and reduced clearance rate induced by EE [33]. OHCs con-
taining 19-nortestosterone-derivative progestogens have a palliative
action on this effect.

Recent studies have demonstrated with sufficient evidence that
OCs do not significantly increase lipoprotein A plasma values, and
elevated lipoprotein A is clearly associated with ischaemic diseases.

In this study, after analysing total cholesterol values, we found
a minimal increase in all groups except the control group, which
showed a slight, insignificant fall [5,14] (Figure 1). This minimum
impact on total cholesterol levels does not have a clinical repercus-
sion in healthy women, and it confirms the results obtained in similar
studies for the following combinations: 0.120mg NGMN/ 0.02mg EE
in TRS format [35], 0.120 ENG and 0.015mg EE in VRS [36,37],
2mg CMA/ 0.030mg EE orally [38] and with the oral combination of
3mg DRSP/ 0,030mg EE [39,40].

In our study the biggest increase in total cholesterol was found
in the Drospirenone and Norelgestromin groups, with a common
increase for both of 11.5mg/dl. The smallest increase was found in
the vaginal ring group, with a mean of 5.5mg/dl. These values are
of statistical significance (p<0.05), but will not be clinically rel-
evant in healthy women. Furthermore, the minimum increases in

cholesterol levels match previously published studies on this type of
CHC [35,39,40].

With regard to the HDL figures, a small increase was observed
in all treatment groups, and the highest values were found in those
who took Drospirenone and Norelgestromin, with a figure of 7mg/dl
(Figure 1).

In relation to repercussion in LDL cholesterol values, changes
were minimal in all treatment groups. The biggest reduction was
found in women taking Chlormadinone, with a value of 6.21mg/dl.

The impact on triglycerides shows an increase in all treatment
groups. The maximum value was found in the Chlormadinone group,
with an increase of 20.7mg/dl, and the minimum value was found in
the Etonogestrel group, with a value of 9.8mg/dl. In all study com-
pounds it was confirmed that CHCs have a negative impact on tri-
glyceride values, regardless of their route of administration [35-40].

Although it is suggested that the low-dose oral contraceptives that
are used at present, combined with third-generation progestogens,
have a clearly positive balance because they do not neutralise the
beneficial action of ethinyl estradiol on high density lipoproteins, it
is also acknowledged that androgenic progestogens stimulate the ac-
tivity of hepatic lipase, leading to reduced HDL and decreasing apo-
protein A synthesis. These mechanisms would explain why an ethinyl
estradiol-induced increase in HDL could be counteracted by the pro-
gestogenic component, which also causes an increase in low density
lipoproteins [41].

These modifications in the lipid profile have a minimal or nil clin-
ical impact, although it should be remembered these treatments are
potentially prescribed over a long period of time.

Conclusion

In view of the results obtained from this study and previous stud-
ies, we can recommend that in a healthy population there is little evi-
dence to support the need for systematic determination, either in new
users or in women who are already taking them. On the contrary, it
is essential to assess this in women with established cardiovascular
disease or with multiple risk factors (arterial hypertension, obesity,
smokers, family history of premature heart disease).

On the contrary, combined hormonal contraceptives are contrain-
dicated in women with ischaemic heart disease and hyperlipidaemia,
even if the latter is controlled with medication. They are relatively
contraindicated in women with isolated hyperlipidaemia without oth-
er associated cardiovascular risk factors.

OCs with third-generation progestogens are not recommended if
there is hypertriglyceridaemia, since they lead to increased triglycer-
ide plasma levels. It appears that hypertriglyceridaemia is related to
an increase in prothrombotic factors and a reduction in fibrinolysis.

In our study, the oral combination EE/CMA was the CHC that
causes the least impact on the lipid profile.
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