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Abstract

Background: Ethinyl estradiol (EE) and progestins have the ability to alter endothelial function. The type of progestin and the ratio of EE to
progestin used in oral contraceptive pills (OCPs) may determine how they affect the arterial vasculature.
Study Design: In this study, we investigated endothelial function across a cycle in very low dose (VLD) and low dose (LD) combination EE
and desogestrel (DSG) OCP users during two phases: active (VLD=20 mcg EE/150 mcg DSG; LD=30 mcg EE/150 mcg DSG) and pill-free.
Endothelial function was also measured during an EE-only hormone phase (10 mcg EE) in group VLD.
Results: Endothelium-dependent vasodilation was greater during the active phase compared to the pill-free phase in group LD (9.02±0.72%
vs. 7.33±0.84%; p=.029). This phase difference was not observed in group VLD (5.86±0.63% vs. 6.56±0.70%; p=.108). However,
endothelium-dependent vasodilation was higher during the EE-only phase, compared to the active and pill-free phases (8.92±0.47% vs.
5.86±0.63%, and 6.56±0.70%; pb.001) in group VLD.
Conclusions: These data suggest DSG may antagonize the vasodilatory activity of EE and that this effect is further modulated by the EE-to-
DSG ratio.
© 2009 Elsevier Inc. All rights reserved.
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1. Introduction

It is estimated that 78.5 million women worldwide
currently use oral contraceptive pills (OCPs) and approxi-
mately 150 million women have used OCPs at some point
in their lives [1]. OCP use has been associated with
increased cardiovascular risk and, specifically, linked to a
greater occurrence of adverse events in both the venous and
arterial vasculature [2–7]. The increased risk of adverse
venous events is thought to be primarily due to high ethinyl
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estradiol (EE) doses used in OCPs [8–10], but the link
between OCPs and increased risk of adverse arterial events
is still unclear.

Part of the confusion and complexity regarding this
relationship stems from the grouping of OCPs into one
general class. There are currently over 70 different
combination OCPs offered in the United States, with many
different formulations, doses and ratios of synthetic
hormones being offered. These differences make each type
of OCP a unique hormone treatment, and thus, the effect of
different OCPs on cardiovascular health should be con-
sidered independently.

It has been well established that estrogen is beneficial to
the health of the arterial system in women [11–14].
Endothelium-dependent vasodilation of the brachial artery,
which has been shown to be a highly predictive measure of
coronary artery health [15], increases significantly during the
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ovulatory phase of the menstrual cycle, when estrogen levels
are highest in naturally cycling young women [16–18]. It is
also well documented that synthetic forms of estrogen, such
as EE, have a cardioprotective effect on the arterial system
[19]. Older formulations of OCPs contain ≥50 mcg of EE.
This dose has been decreased substantially due to the
association between high doses of EE and increased adverse
events in the venous system [8–10]. Currently, the majority
of combination OCPs contain either 30 or 20 mcg of EE and
are referred to as “low dose” and “very low dose” OCPs,
respectively. Unfortunately, when the standard dose of
estrogen used in OCPs was lowered to reduce adverse
events in the venous system and combined with second- and
third-generation progestins, the incidence of adverse events
in the arterial system remained elevated [2]. Based on this
evidence and other studies showing that some progestins
may antagonize the beneficial vascular effects of estrogen in
postmenopausal women [20–23], it is logical that the type of
progestin and the ratio of EE to progestin used in OCPs may
determine how different OCPs affect the arterial vasculature
in young women.

Each progestin can have dramatically different effects on
the body based on the parent molecule from which it was
created, its chemical structure, pharmacokinetics, activity
and specificity to given receptors [24–27]. Some progestins
antagonize the beneficial effects of estrogens [20–23], while
others have no effect [28]. Newer third-generation proges-
tins, including desogestrel (DSG), were specifically designed
to be less androgenic. It is the androgenic properties inherent
to certain progestins that have been blamed for antagonizing
the beneficial cardiovascular effects of estrogen [29,30]. To
date, there have been no previous studies looking at
endothelial function across the OC cycle in women using
combination EE and DSG OCPs.

Therefore, the purpose of this study was twofold. The
first goal was to evaluate endothelial function during the
active (EE and DSG elevated) and pill-free (no exogenous
hormones given) phases in young women taking very low
dose (VLD) and low-dose (LD) combination EE and DSG
OCPs. The dose of DSG prescribed in the active pills of the
LD and VLD formulations was the same (150 mcg), but the
dose of EE (20 vs. 30 mcg) was different. This design
allowed us to gain insight as to how the EE-to-DSG ratio of
commonly prescribed formulations of DSG-containing
OCPs impacts endothelial function in reproductive-aged
women. The second goal of this study was to assess
endothelial function during an EE-only phase in group
VLD in order to separate the independent effects of EE and
DSG on endothelial function in young women. In addition
to endothelial function, we also measured blood pressure
and specific biomarkers of cardiovascular health across the
cycle of DSG-containing OCP use, as this information is
not currently available in the literature. We hypothesized
that the ratio of DSG to EE would alter the magnitude of
change in endothelial function in a dose-dependent manner.
We further hypothesized that DSG would antagonize the
beneficial vascular effects of EE on endothelial function in
young women.

2. Methods

Twenty-two female subjects between the ages of 18 and
30 years completed this protocol. All subjects were currently
taking a monophasic combination OCP with EE and DSG
for ≥4 months as prescribed by their health care provider.
All subjects were healthy, normally active (exercise ∼1–
3 days/week for ≤1 h), nonsmokers and were not taking any
other medications. All subjects were screened to ensure they
did not have any of the following health conditions:
cardiovascular disease, obesity, hypertension, hypercholes-
terolemia, metabolic disorders, menstrual disorders, or a
personal or family history of blood clots. Subjects were
required to take a pregnancy test and show negative results
immediately prior to the start of each study day. Approval of
this study was granted by the Institutional Review Board of
the University of Oregon. Each subject provided oral as well
as written consent prior to participation.

The subject pool was divided into two groups of 11
based on the dose of exogenous hormones in their OCPs.
The VLD group consisted of females using OCPs with
20 mcg EE+150 mcg DSG in each daily pill during Weeks
1, 2 and 3. Unlike most OCPs, the fourth week of pills in
group VLD consists of 10 mcg EE (Mircette: Duramed
Pharmaceuticals, Pomona, NY, USA; or Kariva: Barr
Pharmaceuticals, Woodcliff, NY, USA). In contrast, the
LD group consisted of females using OCPs with 30 mcg
EE+150 mcg DSG in each daily pill during Weeks 1, 2 and
3, and no exogenous hormones during Week 4 (Apri: Barr
Laboratories, Woodcliff, NY, USA; Desogen: Organon,
West Orange, NJ, USA; or Ortho-Cept: Ortho-McNeil
Pharmaceutical, Raritan, NJ, USA).

Subjects in group VLD participated in the experimental
protocol on three different study days: once between Days 5
and 7 of Week 3, after taking 3 weeks of active pills (active
phase); once between Days 5 and 7 of Week 4, after 1 week
of EE-only pills (EE-only phase); and once between Days 5
and 7 of Week 4 after abstaining from taking any Week 4
pills (pill-free phase) of a different pill cycle (due to the
10-mcg dose of EE in the Week 4 pills in group VLD, these
women simply abstained from taking these pills duringWeek
4 of a subsequent pill pack to allow us to study them during
the pill-free phase). The ability to study group VLD across
three different hormone profiles allowed us to tease apart
independent effects of the EE and DSG components of these
OCPs. Subjects in group LD participated in the experimental
protocol on two different study days: once between Days 5
and 7 of Week 3, after taking 3 weeks of active pills (active
phase), and once between Days 5 and 7 of Week 4, after
1 week of placebo pills containing no exogenous hormone
(pill-free phase). Subjects gave verbal confirmation that they
had taken their pills as directed. The order of experimental
study days was randomized and counterbalanced. Subjects
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abstained from exercise, vitamins, alcohol and over-the-
counter medications for 24 h and abstained from food and
caffeine for 12 h prior to participating in each study day. All
studies were conducted at the same time of day for each
subject between the hours of 6:00 and 11:00 a.m. in a
temperature-controlled room (22–24°C).

2.1. Protocol

Subjects were instrumented with electrocardiogram
(ECG), and three cuffs: one blood pressure cuff on the ring
finger of the left hand, one blood pressure cuff on the left
upper arm and one occlusion cuff on the right forearm just
below the antecubital fossa. Subjects were positioned supine
with their right arm supported at heart level at an 80–90°
angle from their torso. Subjects rested for 10–15 min in this
position prior to the collection of venous blood samples.
Next, subjects continued to rest in the supine position for
45–60 min before collection of endothelium-dependent
vasodilation measurements, followed by a 20-min rest
period and subsequent collection of endothelium-indepen-
dent vasodilation measurements.

2.1.1. Endothelium-dependent vasodilation
After obtaining a clear image of the brachial artery with

the transducer held in place above the subject's upper arm
with a stereotactic clamp, 2 min of baseline data was
recorded before rapidly inflating (E20 Rapid Cuff Inflater,
D.E. Hokanson, Bellevue, WA, USA) the occlusion cuff
(Zimmer, Dover, OH, USA) on the subject's forearm to
300 mmHg. The pressure in the occlusion cuff was held at
300 mmHg for 5 min and then rapidly deflated. Upon
release of the occlusion cuff, arterial blood flow through
the brachial artery increases and imposes a shear stress on
the vascular endothelium, resulting in vasodilation. This
vasodilation has been termed flow-mediated vasodilation
(FMD) and is primarily dependent on the release of the
potent vasodilator nitric oxide from endothelial cells [31].
The percent change in brachial artery diameter in response
to FMD assesses endothelium-dependent vasodilation. Data
collection continued for 2 min post-cuff release.

2.1.2. Endothelium-independent vasodilation
Subjects rested in the supine position for 20 min after

completing the endothelium-dependent, flow-mediated
vasodilation testing. Subsequently, 2 min of baseline data
was collected for the endothelium-independent vasodilation
test, followed by the administration of 0.04 mg of
sublingual nitroglycerin and 10 min of data recording.
The percent change in brachial artery diameter in response
to nitroglycerin administration assesses endothelium-inde-
pendent vasodilation.

2.2. Measurement techniques

2.2.1. Blood samples
Venous blood samples were collected on each study day

from an antecubital vein for a complete lipid panel analysis,
consisting of low-density lipoproteins (LDL), high-density
lipoproteins (HDL), total cholesterol (TC), triglycerides
(TRG), TC-to-HLD ratio (TC/HDL ratio), high-sensitivity
C-reactive protein (hs-CRP) and a coronary risk index. The
coronary risk index is derived from the combination of
risks of hs-CRP and TC/HDL ratio [32,33]. Blood samples
were collected into 7.5-mL serum separator blood collec-
tion tubes (BD Vacutainer; Franklin, NJ, USA). The
samples were centrifuged at 1300×g relative centrifugal
force for 15 min at 4°C, separated and stored frozen at
−70°C within 30 min until transport to Oregon Medical
Laboratories (Eugene, OR, USA) for analysis. We choose
not to analyze endogenous estrogen and progesterone on
each study day as previous experiments from our laboratory
have verified adequate suppression of these hormones
during OCP use [34].

2.2.2. Heart rate and blood pressure
Heart rate and blood pressure were measured continu-

ously throughout the protocol. Heart rate was measured
using a five-lead ECG (CardioCap, Datex-Ohmeda, Louis-
ville, CO, USA) dually interfaced with our data acquisition
computer and Doppler ultrasound system. Blood pressure
was measured using a finger blood pressure cuff (Portapres
model-2, TNO-TPD, Biomedical Instrumentation, Amster-
dam, Netherlands). Blood pressures from the finger blood
pressure cuff were corrected against arm blood pressure
measured noninvasively from the left arm via automated
brachial auscultation (CardioCap, Datex-Ohmeda, Louis-
ville, CO, USA).

2.2.3. Brachial artery diameter and blood velocity
Brachial artery diameter and blood velocity were

assessed by imaging the brachial artery using a Doppler
ultrasound machine (12XP, Acuson, New York, NY, USA)
with a 7.0-MHz linear array transducer. The transducer was
placed approximately 3–10 cm proximal to the antecubital
fossa. Within this range, we selected the area with the
greatest clarity of the near and far intimal–medial borders
of the arterial wall and fixed the transducer in place over
the subject's right arm with a stereotactic clamp. The arm
and transducer remained in this position for the remainder
of the study. Ultrasound parameters were set to optimize
longitudinal, B-mode images of the lumen–arterial wall
interface while insonating the lumen of the artery at an
angle of 60° to determine blood velocity. Brachial artery
diameter and blood velocity were recorded continuously
throughout endothelium-dependent and endothelium-inde-
pendent vasodilation.

2.3. Data analysis

2.3.1. Heart rate and blood pressure
Heart rate and blood pressure signals were digitized and

stored on a computer at 20 Hz and saved for later analysis
with signal processing software (WinDaq, DataQ Instru-
ments, Akron, OH, USA).



able 1
aseline physical characteristics in group VLD and group LD

Group VLD
(n=11)

Group LD
(n=11)

p value

ge, year 23±1 22±1 .476
eight, kg 61.2±2.9 65.8±3.1 .292
eight, cm 165.6±2.1 167.5±1.7 .492
ody mass index, kg/m2 22.5±0.9 23.6±1.2 .405
ime on oral contraceptives, months 18±3 15±3 .453

Values are means±SE.

44 J.R. Meendering et al. / Contraception 79 (2009) 41–49
2.3.2. Vascular function
Brachial artery diameter and blood velocity were

recorded to a computer interfaced with custom-designed
edge detection and wall-tracking analysis software
(DICOM; Perth, Australia). The custom analysis software
allows real-time video images of the brachial artery to be
captured from the ultrasound machine, encoded and stored
at 30 frames per second for later analysis of vessel diameter
in synchrony with end diastole [35]. Endothelium-depen-
dent, flow-mediated dilation was calculated as the percent
change in brachial artery diameter from baseline to post-
cuff release (FMD=(FMD peak diameter (mm)−baseline
diameter (mm))/baseline diameter (mm))×100). Likewise,
endothelium-independent, nitroglycerine-mediated vasodi-
lation was calculated as the percent change in brachial
artery diameter from baseline to post-nitroglycerin admin-
istration (nitroglycerin-mediated dilation=(nitroglycerin
peak diameter (mm)−baseline diameter (mm))/baseline
diameter (mm))×100). This software allows for more
accurate and reproducible analysis measurements by
decreasing observer error and eliminating observer bias.
This software can detect a 1.5–2.0% change in endothe-
lium-dependent dilation in six to eight subjects with a
power of 80% and in seven to 11 subjects with a power of
90%, substantially decreasing the number of subjects
needed to detect significant differences compared to other
methods of analysis [35].

2.3.3. Flow-mediated vasodilation stimulus quantification
In order to assess the intensity of the FMD stimulus, shear

rate was calculated by dividing blood velocity (centimeters
per second) by diameter (millimeter) [36,37], and the time to
peak (TTP) diameter during the endothelium-dependent
vasodilation test was also determined [38]. Because the
TTP vasodilation is highly variable [39,40], we plotted shear
rate vs. time and determined the TTP shear rate area under the
curve (TTP SR AUC) [38]. We measured and reported
the peak endothelium-dependent vasodilation response of the
brachial artery as a percent change from baseline indepen-
dently and normalized to the shear rate stimulus (%FMD/TTP
SR AUC) [38]. We observed no statistical differences when
evaluating the independent and normalized endothelium-
dependent vasodilation data in this study. However, we have
reported the data in both forms for comparison.

2.4. Reproducibility

The intra-observer variability of brachial artery diameter
measurements was assessed by comparing baseline diameter
measurements prior to endothelium-dependent vasodilation
in each of the subjects across study days. The coefficient of
variation (SD/mean×100) was 1.9% for this study.

2.5. Statistical analysis

Subject characteristics between group VLD and group
LD were compared using t tests. Within-group comparisons
were made using one-way repeated measures ANOVAs and
post hoc paired t tests for group VLD and group LD,
respectively. Statistical significance was defined as pb.05.
All data are expressed as mean±SE.
3. Results

3.1. Subject characteristics

Table 1 summarizes the physical characteristics of both
subject groups. There was no difference in age, height,
weight, BMI or the amount of time each group had been
using EE/DSG OCPs. Table 2 displays the blood pressures
and cardiovascular biomarker characteristics for each
hormone phase of the OCP cycle for group LD and
group VLD. There was no difference in HDL, TC, TRG,
hs-CRP or the coronary risk index between hormone
phases in group VLD. However, LDL was significantly
greater in the pill-free phase compared to the active phase
(p=.039), and the TC/HDL ratio was greater in the pill-free
phase compared to the EE-only phase (p=.017) in this
group (Table 2). In group LD, there were no differences in
HDL, hs-CRP or the coronary risk index, but there were
significant differences in LDL, TC, TRG and the TC/HDL
ratio. LDL, TC and the TC/HDL ratio were significantly
greater during the pill-free phase compared to the active
phase (LDL: p=.004; TC: p=.006; TC/HDL ratio: p=.012),
yet TRG were significantly greater in the active phase
compared to the pill-free phase (p=.028) in group LD
(Table 2). There were no significant differences in baseline
heart rate, systolic blood pressure, diastolic blood pressure
or mean arterial pressure between hormone phases in
either group.

3.2. Endothelium-dependent vasodilation

Table 3 displays the primary endothelial function values
for each hormone phase of group LD and group VLD. In
group LD, FMD was greater during the active phase than
during the pill-free phase (p=.029; Fig. 1A). In contrast, there
was no difference in FMD between the active and pill-free
phase in group VLD (p=.108; Fig. 1B). However, FMD was
greater during the EE-only phase than during the active and
pill-free phases (pb.001; Fig. 2) in group VLD. There were
T
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Table 2
Cardiovascular markers across oral contraceptive phases in group VLD and group LD

Group VLD (n=11) p value Group LD (n=11) p value

Active EE Pill-free Active Pill-free

HDL, mg/dL 56±4 63 ±4 58±5 .082 56±2 58±3 .129
LDL, mg/dL 90±6 99±9 106±7⁎ .039 100±6 117±6 .004
TC, mg/dL 170±9 182± 186±11 .099 175±6 191±7 .006
TRG, mg/dL 119±15 100±18 109±20 .428 96±9 80±9 .028
TC/HDL ratio, mg/dL 3.1±0.1 2.9±0.1 3.3±0.2† .017 3.2±0.2 3.4±0.2 .012
hs-CRP, mg/L 3.88±0.75 3.74±0.91 2.72±0.97 .474 2.29±0.40 1.94±0.40 .203
Coronary risk index 2.0±0.1 1.9±0.2 1.9±0.3 .817 2.1±0.5 2.5±0.5 .349
Blood pressure, mmHg
Systolic 116±2 118±3 117±2 .648 109±2 111±2 .151
Diastolic 75±2 76±2 78±2 .074 69±1 70±2 .503
Mean arterial 88±2 90±2 91±2 .292 83±1 84±2 .300
Heart rate, bpm 64±3 62±3 63±3 .081 60±3 61±2 .352

Values are means±SE.
⁎p=.039 vs. active.
†p=.017 vs. EE.
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no differences in baseline brachial artery diameters or shear
rate between hormone phases in either group. This finding
verifies that our flow-mediated stimulus for endothelium-
dependent vasodilation was consistent across all study days
in both groups.

3.3. Endothelium-independent vasodilation

There were no differences in endothelium-independent
vasodilation between the active phase, the estrogen phase
and the pill-free phase of group VLD or between the active
and pill-free phase of group LD.
4. Discussion

This is the first study to investigate vascular function
across the cycle in young women taking LD and VLD
combination EE and DSG OCPs. Studying these two
groups of women during their active pill phase, when EE
and DSG were elevated, and during the pill-free phase,
allowed us to map the fluctuation patterns in endothelium-
Table 3
Endothelial function across oral contraceptive phases in group VLD and group LD

Group VLD (n=11)

Active EE

Baseline FMD diameter, mm 3.15±0.14 3.19±0.1
FMD, % change 5.86±0.63 8.92±0.4
TTP, s 58±8 50±7
Shear rate TTP AUC, velocity/diameter 6275±479 6237±55
Normalized response, % FMD/shear rate TTP AUC 0.0010±0.0017 0.0016±0.0
Baseline NTG diameter, mm 3.14±0.13 3.21±0.1
NTG, % change 20.56±1.96 20.97±1.9

Values are means±SE.
⁎Significantly different from active and pill-free phases.
dependent vasodilation across the cycle in both of these
groups and allowed us to gain insight as to the importance
of the EE-to-progestin ratio used in OCPs containing DSG.
In addition, this is the first study to investigate vascular
function during an EE-only OCP phase in young women,
which allowed us to tease out the individual effects of EE
and DSG and better understand their interaction when
given together in combination OCPs.

In support of our hypothesis, we found that endothe-
lium-dependent vasodilation was higher in the active phase
compared to the pill-free phase in group LD and, in
contrast to our hypothesis, that there was no difference
between the active and pill-free phase in group VLD. This
indicates that the EE-to-progestin ratio used in OCPs
determines how OCP formulations impact vascular function
in young women. Furthermore, we found that endothelium-
dependent vasodilation was greater during the EE phase,
when EE was given unopposed by DSG, than during both
the active and pill-free phases in group VLD. These data
provide evidence that the commonly used progestin, DSG,
antagonizes the vasodilatory properties of EE.
p value Group LD (n=11) p value

Pill-free Active Pill-free

2 3.21±0.11 .560 3.16±0.13 3.18±0.13 .193
7⁎ 6.56±0.70 .001 9.02±0.72 7.33±0.84 .029

59±11 .747 47±6 48±5 .851
6 6761±652 .533 6022±495 6604±544 .151
002⁎ 0.0011±0.0002 .006 0.0016±0.0001 0.0011±0.0001 .030
3 3.21±0.12 .219 3.13±0.13 3.17±0.13 .115
1 20.22±1.58 .840 23.29±1.75 22.60±1.99 .565



ig. 2. Endothelium-dependent, flow-mediated vasodilation of the brachial
rtery during the active, EE and pill-free OCP phases in group VLD. Values
re means±SE. * pb.001 vs. active and pill-free phases.

Fig. 1. Endothelium-dependent, flow-mediated vasodilation of the brachial
artery during the active and pill-free OCP phases in (A) group LD and (B)
group VLD. Values are means±SE. *p=.029 vs. pill-free phase.
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There was no difference in endothelium-dependent
vasodilation between the active and pill-free phases in
group VLD. However, we saw a profound and significant
rise in endothelium-dependent vasodilation when EE was
given unopposed by DSG in our subjects. Interestingly, the
dose of EE taken unopposed was 10 mcg, half the dose of EE
given in the active pill phase. This supports previous findings
that EE appears to be beneficial to the arterial vasculature
[19] even at relatively low doses and expands upon it to
show that EE increases endothelium-dependent vasodilation
in young women using combination OCPs. Furthermore,
because endothelium-dependent vasodilation was not differ-
ent between the active phase and the pill-free phase suggests
that DSG antagonized EE during the active phase in group
VLD. Although there is support that androgenic progestins
have the ability to antagonize estrogens [29,30], this is the
first study to provide evidence that DSG antagonizes EE in
oral contraceptive users, despite its lower androgenic
properties compared to earlier generations of progestins.

When compared to the second-generation progestin
levonorgestrel, DSG has significantly fewer androgenic
effects [41,42]. Torgrimson et al. [34] observed that
endothelium-dependent vasodilation was lower during the
active phase, when EE and levonorgestrel levels were high,
compared to the pill-free phase, when no hormones were
administered in women taking VLD combination EE and
levonorgestrel OCPs. The authors concluded that levonor-
gestrel was antagonizing the beneficial effects of EE.
Likewise, our data in group VLD suggest that DSG
antagonizes EE, but if we compare the endothelium-
dependent vasodilation fluctuation patterns from the active
to the pill-free phase in our study to that of Torgrimson et al.
[34], the patterns are different. Endothelium-dependent
vasodilation was lower in the active phase than during pill-
free phase in combination OCPs containing levonorgestrel,
while there was no difference between these phases in our
study on women taking combination OCPs containing DSG.
Thus, it appears that levonorgestrel may have stronger
antagonistic properties than DSG. This finding is supported
by previous speculation that progestins with greater andro-
genic properties have greater antagonistic effects on estrogens
[29,30].

In contrast, endothelium-dependent vasodilation was
higher in the active phase compared to the pill-free phase
in group LD. Recall that the doses of DSG in both the LD
and the VLD groups were the same (150 mcg), but the dose
of EE was different (LD=30 mcg and VLD=20 mcg).
Consequently, endothelium-dependent vasodilation was
greater in the active phase than in the pill-free phase in
group LD, which had a higher EE dose, but endothelium-
dependent vasodilation was not different between the active
and pill-free phases in group VLD, which had a lower EE
dose. This difference between the LD and VLD group calls
attention to the importance of the EE dose, or more
specifically, the ratio of EE to DSG used in OCPs. The
ratio of EE to DSG in the active phase is 1:7.5 for group
VLD and 1:5 for group LD. This suggests that endothe-
F
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lium-dependent vasodilation may have been greater in the
active phase than in the pill-free phase in group LD due to
the lower ratio of EE to DSG. Owing to our findings in the
estradiol-only phase of group VLD, it is possible that DSG
is still having an antagonistic effect on EE in group LD, but
that the greater EE-to-progestin ratio allows the balance to
be shifted, such that the vasodilatory properties of EE are
great enough to outweigh the antagonistic properties of
DSG in the LD formulation. This finding supports the
concept that the ratio of EE to progestin used in OCPs
determines the fluctuation patterns in endothelium-depen-
dent vasodilation across an OCP cycle.

Many observational studies show that a relationship
exists between levels of cholesterol and endothelial
dysfunction [43–45]. OCPs have the ability to alter lipid
profiles in women [46–49], but the direction and magnitude
of these alterations are not consistent between studies.
Interestingly, it has been suggested that the dose of EE and
the type of progestin used in OCPs may determine how
OCPs affect lipid profiles [48]. Therefore, the inconsistent
observations in this area of research may be due to the
grouping of different OCP formulations together. To date,
the majority of literature regarding lipids and OCPs has
focused on the differences in lipid profiles between non-
OCP users and OCP users. These studies have found that
estrogens generally tend to increase TG and HDL, and
decrease LDL, while androgenic progestins tend to have an
opposite effect [46]. Therefore, we performed a full lipid
panel in our subjects and found statistically significant
changes in some parameters across the OCP cycle. In group
VLD, LDL and the TC/HDL ratio were greater in the pill-
free phase compared to the active phase and the EE phase,
respectively. In group LD, LDL, TC and the TC/HDL ratio
were significantly greater during the pill-free phase
compared to the active phase, yet TRG were significantly
greater in the active phase compared to the pill-free phase.
This finding is supported by multiple studies looking at
lipid changes with the onset of combination EE and DSG
OCP use in which similar changes were observed: LDL-C
decreased while HDL-C and TRG increased [50,51]. In
addition, a study by Akerlund et al. [52] found that the ratio
of EE to DSG in OCPs affected the type and magnitude of
lipid changes observed 1 year after starting OCPs. Women
taking a combination OCP with 150 mcg DSG+30 mcg EE
had a significant increase in TC, HDL and TG over the
course of a year, but the changes in TC and HDL were not
observed in women taking a combination OCP with
150 mcg DSG+20 mcg EE. The group of women using
an OCP with 150 mcg DSG+20 mcg EE had an increase in
TG, no difference in TC and HDL, and a decrease in LDL,
which suggests that the ratio of EE to DSG affects the long-
term changes in lipids that occur with OCP use [52].
Although there are no data specifically looking at acute
changes in lipids across the active and low hormone phases
of combination EE and DSG OCP use, it is clear that EE
and DSG affect lipid levels in young women, may have
opposing effects on lipids and that the concentration and/or
ratio of these synthetic hormones used in OCPs may
determine their impact on circulating lipid concentrations in
young women.

It is difficult to speculate as to how the small changes in
cholesterol observed across the study affect endothelium-
dependent vasodilation in our subjects, as the trends did not
appear to mirror those observed in endothelium-dependent
vasodilation, especially in group VLD. However, the lipid
profile in group LD did appear to be slightly better during the
active phase, in which endothelium-dependent vasodilation
was also greater than the pill-free phase.

4.1. Technical considerations and limitations

There was no difference in shear rate across hormone
phases in either group in the present study, which ensures
that the magnitude of the FMD stimulus was the same for
each study day [36,37]. Furthermore, we did not observe
differences between baseline diameter, blood pressures or
heart rates across phases in either group. These baseline data
suggest that changes in endothelium-dependent vasodilation
observed across hormone phases are likely not due to
changes in blood pressure, sympathetic nerve activity, or
vascular tone [37], but due to the direct effects of the
different hormone profiles under which our subjects were
studied. Moreover, there were no differences between
endothelium-independent, nitroglycerin-mediated vasodila-
tion between phases in either group. This solidifies that all
observed changes in FMD across the OCP cycle were due to
changes in the vascular endothelium and not due to the
sensitivity of the vascular wall to nitric oxide.

We do not believe our primary findings would be altered
by increasing the sample size in the present study. The
differences we observed were highly significant and our
sample size of 11 subjects per group is greater than the
estimated sample size required to detect significant changes
in endothelium-dependent vasodilation in a repeated mea-
sures study design using our custom edge-detection software
[35]. Therefore, we feel confident that the statistically
significant and important differences in endothelium-depen-
dent vasodilation observed in each group are valid.
5. Conclusions and perspectives

This study, along with previous studies from our
laboratory [34], demonstrates that when studying OCP
users two things should be considered. First, depending on
the study question, it may not always be appropriate to group
women taking different formulations of OCPs together,
because different OCPs can have dramatically different
effects on a woman's physiology. Second, cycle phase
should also be considered when studying OCP users, as it
has been clearly demonstrated that the different hormone
profiles inherent to OCPs can change physiological factors
across the cycle [34,53,54].
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It has been suggested that endothelial dysfunction may be
the pathogenic link between OCP use and an increase in
cardiovascular risk [55]. This study uncovered the impor-
tance of the ratio of EE to progestin used in OCPs on the
fluctuations in endothelium-dependent vasodilation across
the cycle. Although we do not know the direct link between
fluctuation patterns during reproductive years and cardio-
vascular risk, we have speculated that fluctuations in
endothelial function similar to those observed in naturally
cycling women [16–18] may be advantageous [34].

In summary, the present study demonstrated that
endothelium-dependent vasodilation was higher during the
active phase than during the pill-free phase in group LD, but
no difference was observed between these phases in group
VLD. In addition, endothelium-dependent vasodilation was
the greatest when EE was administered alone. Together,
these data suggest that the progestin DSG antagonizes the
vasodilatory properties of EE in young women taking
combination OCPs. This finding highlights the potential
significance of the type of progestin used in combination
OCPs. Furthermore, these data bring to light the importance
of the EE-to-progestin ratio to the acute function of the
arterial vasculature when using a combination OCP with an
antagonistic progestin. Because this study measured surro-
gate markers of arterial cardiovascular risk, future research
comparing the long-term effects of contraceptives with
different types of progestins and different EE-to-progestin
ratios on the arterial vasculature is warranted.
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