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Objective: To compare the effects of metformin versus an antiandrogenic contraceptive pill on ambulatory blood
pressure monitoring (ABPM) and carotid intima media thickness (CIMT) in women with polycystic ovary syn-
drome (PCOS).
Design: Clinical randomized trial.
Setting: Academic hospital.
Patient(s): Thirty-four consecutive PCOS patients.
Intervention(s): PCOS patients randomized to oral treatment with metformin (n¼ 19) or with Diane35 Diario pill
(n ¼ 15) for 24 weeks.
Main Outcome Measure(s): ABPM recordings and ultrasound measurements of CIMT as marker of subclinical
atherosclerosis obtained at baseline and after treatment.
Result(s): Metformin resulted in reductions in daytime and 24-hour average systolic and diastolic blood pressure
whereas Diane35 Diario induced a slight increase in these parameters. Compared with a nonhyperandrogenic con-
trol group, the increased CIMT values of PCOS patients decreased to the normal range after treatment with either
metformin or Diane35 Diario.
Conclusion(s): Metformin treatment decreased daytime ABPM recordings whereas Diane35 Diario exerted the
opposite effect. The safer blood pressure profile of metformin should be considered in PCOS patients who present
with a history of hypertension or who are at risk for this disorder. Treatment with either Diane35 Diario or metfor-
min improved CIMT mean values. (Fertil Steril� 2009;91:2527–36. �2009 by American Society for Reproductive
Medicine.)
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Polycystic ovary syndrome (PCOS) is associated with classic
and nonclassic cardiovascular risk markers (1). Obesity and
insulin resistance play a major role in the clustering of cardio-
vascular risk factors in the PCOS patient, including hyperten-
sion and abnormalities in the regulation of blood pressure (2);
an increased prevalence of glucose intolerance (3), type 2
diabetes (3), and dyslipidemia (4); and an association with
chronic low-grade inflammation (5). Androgen excess also
contributes to the association of PCOS with cardiovascular
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risk factors, independent of insulin resistance and obesity.
On the one hand, PCOS is characteristically associated
with the loss of the physiologic nocturnal decrease in blood
pressure in adults and adolescents (2, 6). On the other hand,
hyperandrogenemia, not obesity or insulin resistance, is the
major determinant of the increased carotid intima-media
thickness (CIMT, an early marker of atherosclerosis) found
in women with PCOS (7).

Lifestyle recommendations and diet in women with weight
excess are essential for cardiovascular disease prevention in
PCOS patients (8). But, aside from therapeutic strategies di-
rected toward restoration of fertility, chronic pharmacologic
treatment of PCOS is based on the use of two families of
drugs: oral contraceptives containing a progestin of low an-
drogenicity or even antiandrogenic properties, or insulin sen-
sitizers. Because oral contraceptives might adversely
influence insulin resistance and glucose tolerance in nonhy-
perandrogenic women, the possible worsening of the already
unfavorable cardiovascular risk profile of PCOS patients by
the administration of oral contraceptives has been raised by
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reputed investigators in the field (9), who advocate the use of
the metabolically safer insulin-sensitizing drugs (10). How-
ever, this recommendation is not supported by scientifically
convincing evidence (11).

We report the results of a randomized clinical trial on the
effects on the ambulatory blood pressure monitoring
(ABPM) recordings and CIMT of an antiandrogenic low-
dose oral contraceptive pill compared with the insulin sensi-
tizer metformin in PCOS patients.

MATERIALS AND METHODS

Our study was derived from a more ample randomized,
controlled, open-label clinical trial that addressed the effects
of treatment with an antiandrogenic oral contraceptive com-
pared with the insulin sensitizer metformin on classic and non-
classic cardiovascular risk factors ClinicalTrials.gov Identifier
NCT00428311). The precise description of the clinical trial as
well as the results regarding the effects of these treatments on
hyperandrogenism, insulin resistance, glucose tolerance, and
the lipid profile were reported previously elsewhere (12).

In brief, 34 consecutive PCOS patients were recruited. The
diagnosis of PCOS was based on the presence of clinical and/
or biochemical hyperandrogenism, oligo-ovulation, and ex-
clusion of secondary etiologies (13). The methods used to
evaluate each particular criterion have been described in de-
tail elsewhere (12).

None of the patients had a personal history of hypertension,
diabetes mellitus, or cardiovascular events, or had received
treatment with oral contraceptives, antiandrogens, insulin
sensitizers, or drugs that might interfere with blood pressure
regulation for the previous 6 months. Family history of hyper-
tension or cardiovascular events in first-degree relatives was
collected. Written informed consent was obtained from all
the participants, and the study was approved by the local
ethics committee and by the Spanish Agency of Medicines.

After giving informed consent, the 34 patients were ran-
domized to receive an antiandrogenic oral contraceptive con-
taining 35 mg of ethinyl-estradiol plus 2 mg of cyproterone
acetate (Diane35 Diario; Schering Espa~na S.A., Madrid,
Spain) or 850 mg of metformin (Dianben; Merck Farma y
Qu�ımica S.A., Mollet del Vall�es, Spain) twice daily for 24
weeks. Simple randomization was conducted using blocks
of 10 sealed opaque envelopes assigning five patients to re-
ceive Diane35 Diario and five patients to receive metformin.
Randomization allocated 15 patients to Diane35 Diario and
19 patients to metformin.

Treatment was started the first day of a spontaneous men-
strual cycle, or, in women with amenorrhea, after excluding
pregnancy by proper testing. Patients were instructed to main-
tain a diet containing 25 to 30 kcal per kg of body weight per
day and continue to perform moderate physical activity
throughout the trial. Patients were given a complete evalua-
tion at baseline and after 12 and 24 weeks of treatment that
included anthropometric and laboratory measurements (12),
and several tests of cardiovascular performance. The ABPM
2528 Luque-Ram�ırez et al. Diane, metformin, ABPM and
profiles and CIMT measurements were performed at baseline
and at the end of the study.

Ambulatory Blood Pressure Monitoring

Twenty-four hour recordings were obtained in the 15 patients
allocated to the Diane35 Diario group. Recordings were per-
formed for 18 of the 19 patients allocated to the metformin
group because the baseline recordings of one patient were
erased by a malfunction of the A&D TM2430EX oscillomet-
ric device (A&D Company, Ltd., Tokyo, Japan). The cuff (12
� 22 cm for lean patients, and 14 � 30 cm for overweight or
obese patients) was placed on the nondominant arm in every
woman. The period from 07:00 to 23:00 was considered day-
time, and from 23:00 until 07:00 the next day was considered
nighttime, reflecting the usual sleeping habits of Spaniards.
Systolic, diastolic, and mean blood pressure as well as heart
rate were measured every 20 minutes during daytime and
every 30 minutes during nighttime. The nocturnal decreases
in systolic and diastolic blood pressure were calculated using
this equation: [(Mean of diurnal blood pressure � Mean of
nocturnal blood pressure)/Mean of diurnal blood pressure]
� 100. Nondippers were defined as those patients who did
not show a reduction in mean systolic and diastolic blood
pressures by R10% from day to night; the remaining patients
were considered dippers. For ABPM, we used the normative
data for women in the 25 to 44 years age range derived from
the PAMELA study (14). Women presenting with average
24-hour systolic and/or diastolic blood pressure values at or
above the 95th percentile of the reference population were
considered hypertensive, but the presence of isolated daytime
or nighttime hypertension (values at or above the 95th percen-
tile only during these periods, but not during the 24-hour
period) were also noted. Systolic and diastolic blood pressure
loads were defined as the percentage of blood pressure deter-
minations above or equal to a reference range of 140/90 mm
Hg and 125/75 mm Hg for daytime and nighttime periods,
respectively.

Carotid Intima-Media Thickness Measurements

In all the patients, carotid imaging was obtained as previously
reported elsewhere (7) by the same trained operator (C.M-A.)
using a high-resolution 7.5-MHz phased-array transducer
(Imagepoint-Hx; Hewlett-Packard, Andover, MA), accord-
ing to the method described by Pignoli et al. (15).

The intraobserver coefficient of variation was 10.8%. The
normal CIMT range was defined by the mean � 2 standard
deviations (0.17–0.49) of the CIMT measurements of 20 non-
hyperandrogenic women in the same age and body mass in-
dex range of the PCOS patients studied here (7).

Statistical Analysis

Data are shown as mean � standard deviation and raw num-
bers (percentages) unless otherwise stated. The sample size
analysis for the clinical trial indicated adequate 0.80 power
to detect differences in surrogates indexes of insulin resis-
tance (the primary outcome of the clinical trial) with a total
CIMT in PCOS Vol. 91, No. 6, June 2009
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of 22 patients, as described in detail in the previous report of
the study protocol (12).

The differences in frequencies among groups were ana-
lyzed by chi-square or Fisher’s exact tests, as appropriate.
The changes in the frequencies of abnormalities in blood
pressure and CIMT values during the study were analyzed
by McNemar’s test, applying a Bonferroni correction to the
level of significance to compensate for the multiple compar-
isons conducted.

For continuous variables, the Kolmogorov-Smirnov test
was applied, and logarithmic or square root transformations
were used as needed to ensure normality. Then, the baseline
characteristics of the patients randomized to receive Diane35

Diario or metformin were compared by unpaired t-test. Data
were submitted to a repeated-measures general lineal model
including the arm of treatment as the between-subjects effect,
and the visit of evaluation (baseline or 24 weeks) as the within-
subjects effect. To evaluate the differences in the response to
each treatment, the interaction among the between-subjects
and within-subjects effects was calculated. The comparisons
of the CIMT values of the nonhyperandrogenic control
women with the PCOS women treated with metformin or Di-
ane35 Diario were analyzed by one-way analysis of variance
followed by the least significant difference post hoc test.

Seven patients discontinued metformin for different rea-
sons: mild to moderate gastrointestinal side effects in two
women, pregnancy in one woman, protocol violation in three
women, and lost to follow-up in one women. Diane35 Diario
was well tolerated by all of the women (12). Because of the
high dropout rate in the metformin arm, the results obtained
when considering only the patients completing the study
were also confirmed by intention-to-treat analysis assuming,
for patients who did not complete the 24 weeks of the study,
that the dependent variables had not changed at the missing
visit with respect to baseline. P<.05 was considered statisti-
cally significant. Analyses were performed using SPSS 10.0
for Macintosh (SPSS Inc, Chicago, IL).

RESULTS

The complete baseline clinical, anthropometric, biochemical,
and hormone profiles of the PCOS patients randomized to
treatment with Diane35 Diario or metformin showed no dif-
ferences between the groups, as previously reported else-
where (12). Table 1 shows a selection of these variables as
well as the baseline 24-hour blood pressure profiles and
CIMT values.

There were no statistically significant differences in any
variable between the women allocated to metformin and
those taking Diane35 Diario (see Table 1). However, when
comparing the women allocated to metformin who dropped
out with those who completed the study, the former had
higher androstenedione levels, systolic and mean blood pres-
sure values, and diastolic blood pressure loads during the
nighttime and higher CIMT values (see Table 1).
Fertility and Sterility�
Ambulatory Blood Pressure Monitoring Parameters

At baseline, hypertension according to ABPM recordings
was found in seven of the 33 patients (21%), and another
five had abnormal recordings but only during nighttime (Ta-
ble 2). Furthermore, 15 patients (45%) presented with a non-
dipper pattern of nocturnal decrease in blood pressure. Of
note, these baseline abnormalities were equally distributed
among both arms of treatment (see Table 2).

After 24 weeks of treatment, and compared with baseline
measurements, Diane35 Diario increased whereas metformin
decreased the average systolic, diastolic, and mean blood
pressure daytime values (Fig. 1). These opposite effects of
the drugs on blood pressure were not observed during
the nighttime, but the effects during daytime explained the in-
crease in systolic and diastolic blood pressure and the
decrease in these values with metformin observed in the
24-hour recordings (see Fig. 1). The beneficial effect of met-
formin on blood pressure parameters was especially evident
in the two hypertensive patients who completed the study
and had normal blood pressure values after 24 weeks of treat-
ment with this drug. In conceptual agreement, there was a sta-
tistically significant interaction between the changes during
treatment in average systolic, diastolic, and mean blood pres-
sure during daytime and the 24 hours periods, the arm of
treatment, and the presence or absence of hypertension at
baseline (daytime systolic blood pressure: Wilks’ l ¼
0.842, F ¼ 4.135, P¼.054; daytime diastolic blood pressure:
Wilks’ l ¼ 0.631, F ¼ 12.581, P¼.002; daytime mean blood
pressure: Wilks’ l ¼ 0.637, F ¼ 12.540, P¼.002; 24-hour
systolic blood pressure: Wilks’ l ¼ 0.866, F ¼ 3.404,
P¼.079; 24-hour diastolic blood pressure: Wilks’ l ¼
0.595, F ¼ 14.947, P¼.001). However, the detrimental ef-
fects of Diane35 Diario on blood pressure values were similar
in hypertensive and nonhypertensive patients at baseline.
Finally, these changes did not result in statistically significant
differences in the frequencies of hypertension compared with
those observed at baseline with either drug (see Table 2).

In conceptual agreement with the changes observed in av-
erage blood pressure values, the daytime blood pressure
loads—but not those during the nighttime—tended to be in-
creased with Diane35 Diario (daytime systolic blood pressure
load: 11� 9% at baseline versus 16� 16% at 24 weeks; day-
time diastolic blood pressure load: 9� 6% at baseline versus
13 � 13% at 24 weeks; nighttime systolic blood pressure
load: 14 � 16% at baseline versus 8 � 10% at 24 weeks;
nighttime diastolic blood pressure load: 7 � 11% at baseline
versus 12� 15% at 24 weeks) and to be decreased by metfor-
min (daytime systolic blood pressure load: 11� 15% at base-
line vs. 4� 5% at 24 weeks; daytime diastolic blood pressure
load: 10� 14% at baseline vs. 4� 4% at 24 weeks; nighttime
systolic blood pressure load: 8� 9% at baseline vs. 5� 5% at
24weeks; nighttime diastolic blood pressure load: 7� 10% at
baseline vs. 6 � 6% at 24 weeks), reaching statistical signif-
icance in the case of diastolic blood pressure (Wilks’ l ¼
0.833, F¼ 4.824, P¼.038; intention-to-treat analysis, Wilks’
l ¼ 0.868, F ¼ 4.567, P¼.041) and attaining borderline
2529



min (patients
pleting the
y, n [ 12)a

Metformin (lost to
follow-up, n [ 7)

4.8 � 7.4 24.9 � 6.1
5 (46) 3 (43)
7 (58) 5 (70)
1 (8) 3 (43)

8.9 � 6.0 34.1 � 7.3
88 � 16 94 � 21

.80 � 0.09 0.87 � 0.14
9 � 5 12 � 6

1.2 � 0.6 1.5 � 0.7
3.4 � 0.9 4.6 � 1.2b

85 � 667 2,407 � 1333
3.6 � 2.2 3.2 � 1.8

16 � 12 121 � 11
72 � 8 72 � 7
86 � 10 88 � 8
81 � 10 82 � 9
11 � 15 16 � 14
10 � 14 12 � 10

04 � 8 117 � 15b

61 � 6 66 � 8
75 � 7 83 � 8b

70 � 7 76 � 16
8 � 9 28 � 33
7 � 8 17 � 11b

12 � 9 120 � 12
69 � 7 70 � 7
81 � 12 86 � 9
75 � 10 80 � 12
8 � 10 19 � 19
7 � 9 13 � 10
TABLE 1
Baseline characteristics of the patients randomized to receive Diane35 Diario or metformin.

Diane35 Diario
(n [ 15)

Metformin (intention-to-
treat analysis, n [ 19)a

Metfor
com
stud

Age (years) 23.4 � 5.6 25.1 � 6.6 2
Smokers, n (%) 6 (40) 8 (42)
Family history of hypertension, n (%) 6 (43) 12 (63)
Family history of CV events, n (%) 2 (14) 4 (21)
Body mass index (kg/m2) 29.2 � 5.7 30.5 � 6.9 2
Waist circumference (cm) 83 � 12 89 � 18
Waist to hip ratio 0.79 � 0.06 0.82 � 0.11 0
Hirsutism score 11 � 5 10 � 6
Free testosterone (ng/dL) 1.1 � 0.4 1.3 � 0.6
Androstendione (ng/dL) 3.4 � 0.9 4.0 � 1.2
DHEAS (ng/mL) 2,741 � 1,037 2,259 � 926 2,1
Insulin sensitivity index 4.4 � 3.5 3.8 � 2.4
Daytime period
Systolic blood pressure (mm Hg) 117 � 10 118 � 11 1
Diastolic blood pressure (mm Hg) 70 � 7 72 � 8
Mean blood pressure (mm Hg) 85 � 7 87 � 9
Heart rate (beats per minute) 79 � 10 81 � 9
Systolic blood pressure load (%) 11 � 9 13 � 14
Diastolic blood pressure load (%) 9 � 6 11 � 12
Nighttime period
Systolic blood pressure (mm Hg) 106 � 12 109 � 13 1
Diastolic blood pressure (mm Hg) 60 � 7 63 � 7
Mean blood pressure (mm Hg) 75 � 8 78 � 8
Heart rate (beats per minute) 67 � 9 73 � 11
Systolic blood pressure load (%) 14 � 16 15 � 23
Diastolic blood pressure load (%) 7 � 11 11 � 10
24-hour period
Systolic blood pressure (mm Hg) 113 � 9 115 � 11 1
Diastolic blood pressure (mm Hg) 66 � 7 69 � 7
Mean blood pressure (mm Hg) 82 � 7 83 � 11
Heart rate (beats per minute) 75 � 9 77 � 11
Systolic blood pressure load (%) 11 � 8 12 � 14
Diastolic blood pressure load (%) 8 � 6 10 � 10

Luque-Ram�ırez. Diane, metformin, ABPM and CIMT in PCOS. Fertil Steril 2009.
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statistical significance in the case of systolic blood pressure
(Wilks’ l ¼ 0.851, F ¼ 4.199, P¼.052; intention-to-treat
analysis, Wilks’ l ¼ 0.883, F ¼ 3.969, P¼.056).

As opposed to average blood pressure measurements, the
average heart rate (see Fig. 1) and the average physiologic
nocturnal decrease in systolic, diastolic, and mean blood
pressure were not significantly influenced either by Diane35

Diario or by metformin (Fig. 2), yet there was a borderline
(P<.10) tendency toward an improvement in the later mea-
surements in the women treated with Diane35 Diario as com-
pared with no change or a worsening in those receiving
metformin (P¼.091 for the physiologic nocturnal decrease
in systolic blood pressure, P¼.095 for the physiologic noctur-
nal decrease in diastolic blood pressure, and P¼.083 for the
physiologic nocturnal decrease in mean blood pressure)
(see Fig. 2).

Carotid Intima-Media Thickness Measurements

At baseline, four (27%) of the patients allocated to Diane35

Diario and three (16%) of the women allocated to metformin
had increased CIMT values (see Table 2). Considered as
a whole, both the patients allocated to Diane35 Diario (0.41
� 0.01 mm) and to metformin (0.40 � 0.01 mm) had in-
creased CIMT values compared with the nonhyperandro-
genic control women (0.33� 0.08 mm) (F¼ 4.205, P¼.020).

The mean CIMT values showed no statistically significant
change with either drug (Fig. 3); however, a nonsignificant
(Wilks’ l ¼ 0.915, F ¼ 2.144, P¼.157; intention-to-treat
analysis, Wilks’ l¼ 0.944, F¼ 1.768, P¼.194) tendency to-
ward a decrease in CIMT values was observed in the analysis
of the patients who completed the study.

This tendency explained why the mean CIMT values of the
PCOS patients after treatment were no longer increased when
compared with the nonhyperandrogenic controls (nonhyper-
androgenic controls: 0.33� 0.08 mm; patients on Diane35 Di-
ario: 0.39 � 0.01 mm; patients on metformin completing the
study: 0.36 � 0.01 mm; patients on metformin by intention-
to-treat analysis: 0.39 � 0.01 mm; F ¼ 1.690, P¼.196 for
the analysis of patients completing the study; F ¼ 2.737,
P¼.074 in the intention-to-treat analysis). Furthermore, nor-
malization of the increased CIMT at baseline was observed
only in one of the women treated with Diane35 Diario,
whereas two of the patients presenting with normal CIMT at
baseline developed increased CIMT measurements after
treatment with metformin. Unfortunately, the three patients
presenting with increased CIMT who were allocated to met-
formin were lost to follow-up evaluation, so we have no
data on the possible changes in their CIMT in response to
this drug (see Table 2).

DISCUSSION

To our best knowledge, ours is the first study to compare the
impact of the two main drug therapies available for PCOS,
namely, oral contraceptives and insulin sensitizers, on the
2531



TABLE 2
Frequencies of abnormalities in ambulatory blood pressure monitoring (ABPM) recordings and carotid
intima media thickness (CIMT).

Diane35 Diario
(n [ 15)

Metformin
(patients completing
the study, n [ 12)a

Metformin
(intention-to-treat
analysis, n [ 19)a

Baseline 24 weeks Baseline 24 weeks Baseline 24 weeks

Hypertensionb 2 (13) 5 (33) 2 (18) 0 (0) 5 (28) 3 (17)
Isolated daytime hypertensionc 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Isolated nighttime hypertensionc 2 (13) 2 (13) 1 (9) 1 (9) 3 (17) 3 (17)

Nondipper pattern 5 (33) 6 (40) 3 (27) 4 (36) 10 (56) 11 (61)
Increased CIMT valuesd 3 (20) 2 (13) 0 (0) 2 (17) 3 (16) 5 (26)

Note: Data are raw numbers (percentages). There were no statistically significant differences in the frequencies of blood
pressure and CIMT abnormalities between the arms of treatment, nor were statistically significant changes found in
these frequencies during treatment when considering all patients as a whole or when considering each arm of treatment
separately.

a Baseline ambulatory blood pressure recordings were not obtained in one woman allocated to metformin, so only 11 of the
12 patients completing the study and 18 of the 19 patients included in the intention-to-treat analysis had blood pressure
profiles available for analysis.

b Hypertension was defined by average 24-hour systolic and/or diastolic blood pressure values in ABPM at or above the
95th percentile of women in the 25 to 44 year age range derived from the PAMELA study (14).

c Isolated daytime or nighttime hypertension was defined by values at or above the corresponding 95th percentile of
women from the PAMELA study only during daytime or only nighttime, but not during the 24-hour period.

d Increased CIMT was defined by values above the mean þ 2 standard deviations of the CIMT mean of a control group of
nonhyperandrogenic women in the same range of age and body mass index.
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24-hour ambulatory blood pressure profiles and CIMT of
these patients.

Although the issue of hypertension in PCOS is still contro-
versial (16), we have recently shown that abnormalities in the
24-hour ABPM recordings are present in as many as 30% of
PCOS patients, and that abnormalities are mostly dependent
on the concurrence of obesity in these women (2). Also,
PCOS patients present with increased CIMT when compared
with nonhyperandrogenic women, indicating the presence of
subclinical atherosclerosis, but this particular finding is associ-
ated with androgen excess and not with obesity or insulin resis-
tance (7). Therefore, oral contraceptives and insulin sensitizers
might have completely different effects on these cardiovascular
risk factors arising from the marked differences in their mech-
anisms of action (amelioration of androgen excess as opposed
to improvement in insulin resistance) and from the possible car-
diovascular adverse effects of oral contraceptives previously
reported in nonhyperandrogenic women (17).

Our results clearly show that the antiandrogenic oral con-
traceptive Diane35 Diario induces a mild increase in the aver-
age daytime systolic, diastolic, and mean blood pressure
values of PCOS patients, whereas metformin decreases
them. The increase in daytime blood pressure resulted also
in an increase in the average 24-hour systolic and diastolic
blood pressure; however, on the contrary, such differential
effects of these drugs on blood pressure were not observed
2532 Luque-Ram�ırez et al. Diane, metformin, ABPM and C
during the nighttime. In conceptual agreement, the systolic
and diastolic blood pressure loads during the daytime were
increased after treatment with Diane35 Diario and were de-
creased after treatment with metformin, reaching statistical
significance in the case of diastolic blood pressure. There-
fore, our results suggest that oral contraceptives induce
a mild yet significant worsening in the blood pressure profiles
of PCOS patients whereas metformin administration results
in an improvement in them, but only during the daytime.

The possible beneficial effects of metformin on blood pres-
sure have been previously reported not only in PCOS women
(18) but also in patients with type 2 diabetes (19), a finding
that might be related, at least partly, to the decrease in vaso-
constrictor molecules such as endothelin-1 observed in PCOS
patients treated with metformin (20). However, it must be
noted that a recent study in lean PCOS patients failed to dem-
onstrate any beneficial effect of metformin on ABPM record-
ings (21). Nevertheless, the lower body mass indexes and the
absence of baseline insulin resistance in that study compared
with those of the PCOS patients we studied may account for
the discrepant findings.

On the contrary, the worsening of the blood pressure pro-
files of our PCOS patients when on oral contraceptives, al-
though in conceptual agreement with the findings observed
in the general population (22), had not been reported previ-
ously in PCOS. Furthermore, a previous clinical trial
IMT in PCOS Vol. 91, No. 6, June 2009



FIGURE 1

Changes in average daytime, nighttime, and 24-hour blood pressure and heart rate recordings of polycystic
ovary syndrome patients treated with Diane35 Diario or metformin for 24 weeks. Data are mean � standard error
of the mean. Eleven patients completed the metformin arm (this arm had a large dropout rate, and the baseline
ambulatory blood pressure monitoring recording was missing for one patient); the intention-to-treat analysis
included all of the patients treated with metformin (n ¼ 18). *P< .05 for the interaction between the arms of
treatment, in both analysis of patients who completed the study and in intention-to-treat analysis.
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FIGURE 2

Changes in the physiologic nocturnal decrease in
systolic, diastolic, and mean blood pressure of
polycystic ovary syndrome patients treated with
Diane35 Diario or metformin for 24 weeks. Data are
mean � SEM. Eleven patients completed the
metformin arm (this arm had a large dropout rate,
and the baseline ambulatory blood pressure
monitoring recording was missing for one patient);
the intention-to-treat analysis included all of the
patients treated with metformin (n ¼ 18).

Luque-Ram�ırez. Diane, metformin, ABPM and CIMT in PCOS. Fertil Steril 2009.
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comparing Diane35 Diario with metformin concluded that this
particular oral contraceptive pill even resulted in a decrease of
diastolic blood pressure office measurements (23). Consider-
ing that most of the abnormalities in the regulation of blood
pressure of PCOS patients require 24-hour ABPM to be de-
tected (2), the apparent discrepancies between our present re-
sults and those reported elsewhere (23) possibly result from
the much more sensitive methods we used to detect the subtle
derangements in the regulation of blood pressure characteris-
tic of PCOS and the minor changes induced by drug treatment.

Because a recent study (24) found an independent direct
relationship between serum androgen concentrations and of-
fice systolic and diastolic blood pressure in women with
PCOS, the marked decrease in serum androgen levels in re-
sponse to Diane35 Diario would have been expected to
result in a decrease in blood pressure parameters, yet the op-
posite effect was actually observed on the daytime blood
pressure recordings of our patients. This apparent discrep-
ancy might have been related to the estrogenic component
of Diane35 Diario because oral estrogens in supraphysiologic
doses induce hepatic synthesis of vasoconstrictor molecules

FIGURE 3

Changes in common carotid intima-media thickness
of PCOS patients submitted to treatment with
Diane35 Diario (n ¼ 15) or metformin (n ¼ 19) for 24
weeks in the whole of patients. Symbols and error
bars are mean � SEM. The shaded area represents
the mean � SEM of the nonhyperandrogenic control
group. Because of the large drop-out rate in the
metformin arm, the Figures show the analysis of the
patients completing the study (n ¼ 12) and an
intention-to-treat analysis including all the patients
treated with metformin (n ¼ 19). *P< .05 compared
with the control group of healthy women irrespective
of the arm of treatment.
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(25) and oral contraceptives have been shown to increase
blood pressure in the general female population (26). We
might speculate that the undesirable effects on blood pressure
of oral estrogens may have predominated in our PCOS pa-
tients over the putative beneficial effects of lowering serum
androgen concentrations.

We have previously noted that the lack of the physiologic
nocturnal decrease in blood pressure, the so-called ‘‘nondip-
per pattern,’’ is the only blood pressure derangement that
appears to be specific of PCOS patients (2). If the hyperandro-
genemia of PCOS plays a putative role on this association, the
antiandrogenic effect of Diane35 Diario might account for the
borderline downward trend in the nocturnal decrease in sys-
tolic, diastolic, and mean blood pressure seen in our study.

Although we have previously reported that the major deter-
minant of the abnormalities in blood pressure in our PCOS
population was the heart rate (2), neither Diane35 Diario
nor metformin induced statistically significant changes in
this variable, suggesting that the effects of both drugs on
blood pressure observed in our study were not mediated by
a clinically relevant influence on sympathetic activity, even
when both androgens (27) and insulin resistance (28) have
been proposed to influence the cardiovascular autonomic
system.

However, it must be highlighted that neither Diane35 Dia-
rio nor metformin actually induced a change in the number of
patients presenting with hypertension according to ABPM,
or in the number of women presenting with a nondipper pat-
tern in the nocturnal decrease of blood pressure, which casts
a reasonable doubt upon the long-term clinical consequences
of the mild changes in daytime blood pressure values ob-
served after administration of these drugs. However, this
lack of changes also could have been related to the relatively
insensitivity of the chi-square and McNemar’s tests used here
and to the small sample size of our trial, which might have
been underpowered to detect such small differences in
frequencies.

Administration of either Diane35 Diario or metformin for
24 weeks only induced a modest, not statistically significant
decrease in the CIMT of our PCOS patients; however, after
this small decrease, the mean CIMT values of the PCOS pa-
tients was no longer increased when compared with that of
their nonhyperandrogenic counterparts. The antiandrogenic
effect of Diane35 Diario, and the amelioration of both hyper-
androgenemia and insulin resistance with metformin, may
explain the improvement of CIMT in our PCOS patients be-
cause androgen excess is the main determinant of the in-
creased CIMT of PCOS patients, independent from obesity
and insulin resistance (7). Also, treatment of PCOS with met-
formin results in a decrease in the serum levels of advanced
glycated end products (AGEs) (29); because these molecules
facilitate the proliferation and migration of smooth muscle
cells toward the vascular intima (30), the decrease in the se-
rum concentration of advanced glycated end products also
might have been related to the decrease in CIMT observed
Fertility and Sterility�
in our study. Yet it must be noted that the decrease in
CIMT in the women treated with metformin may be related
to the dropping out of the PCOS patients who presented
with higher CIMT values and not to the effects of the drug.
Of note, two patients presented with normal CIMT at base-
line, and this marker of atherosclerosis became abnormal dur-
ing treatment with metformin, as has been also reported in
metformin-treated type 2 diabetic patients (31). Nevertheless,
previous studies have shown a decrease in CIMT during treat-
ment of PCOS with metformin (32).

Our study was not free of limitations, of which the most
important was probably the large dropout rate that occurred
in the metformin treatment arm (12); however, that rate was
in line with those observed in similar clinical trials conducted
in the past (23, 33). Aside from side effects, the relatively poor
response of hyperandrogenic symptoms and menstrual dys-
function to metformin might underlay the large dropout rate
we observed (12) because the women who did not complete
the study were more hyperandrogenic and insulin-resistant
than those who completed the metformin arm, and metformin
is less effective in the more obese PCOS patients (34). Our
study was also limited by the unfortunate loss to follow-up
of the three patients who presented with increased CIMT
who had been allocated to treatment with metformin, prevent-
ing us from reaching any definite conclusion about the previ-
ously suggested possible beneficial effect of this drug on
increased CIMT (32). Although we instructed all of the
PCOS patients at baseline to maintain stable caloric intake
and moderate physical activity throughout the trial, these rec-
ommendations were not stressed thereafter; therefore, we
cannot rule out that dietary modifications may have contrib-
uted at least in part to the observed results. And, finally, the
relatively short duration of the study possibly precluded the
occurrence of larger changes in CIMT that might have be-
come apparent had the trial been longer.

Metformin and Diane35 Diario exerted opposite effects on
the daytime blood pressure values of PCOS patients: decreas-
ing with the former and increasing with the latter. The possi-
bility of an increase in daytime blood pressure values should
be considered when administering oral contraceptives to
women with a personal or family history of hypertension,
in whom metformin appears to be a safer therapeutic option.
Finally, both drugs resulted in a normalization of CIMT
values in PCOS women, suggesting that amelioration of an-
drogen excess and of insulin resistance should be considered
for cardiovascular risk prevention in these patients.
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