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ABSTRACT

As there is controversy about the prevalence of hypertension in patients with
polycystic ovary syndrome (PCOS) and, up to the present moment, no studies
have evaluated the impact of body mass index (BMI) on blood pressure levels (BP)
in these patients, we studied retrospectively sixty-nine patients with PCOS, with
BMI of 29.0 ± 6.7 kg/m2 and aged 25.6 ± 5.6 yr, subdivided into three groups
according to BMI (normal, overweight and obese) and evaluated regarding BP
(mercury sphygmomanometer), basal hormonal profile, fasting glucose, and
insulin sensitivity (HOMA-IR). Mean systolic blood pressure (SBP) and diastolic
blood pressure (DBP) were normal (118.1 ± 17.0 and 74.7 ± 11.5 mmHg, respec-
tively), with a hypertension prevalence of 20.3%. Of these patients, 78.6% were
obese and 21.4% were overweight. When the groups were compared according to
BMI, a significant increase in SBP and DBP was observed (higher in overweight
and obese patients for SBP and higher in obese for DBP), as well as a significant
progressive increase in glucose, insulin, homeostatic model assessment, and a
significant progressive decline in LH levels. When the patients were subdivided as
normotensive or hypertensive, a significant difference was observed only for BMI
(28.2 ± 6.1 and 34.7 ± 8.6 kg/m2, respectively; p = 0.007). In conclusion, we
observed a significant and progressive impact of BMI on blood pressure levels in
our patients with polycystic ovary syndrome. (Arq Bras Endocrinol Metab
2007;51/7:1104-1109)
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Body mass index

RESUMO

Impacto do Índice de Massa Corporal nos Níveis de Pressão Arterial em
Pacientes com Síndrome dos Ovários Policísticos.
Como há controvérsia sobre a prevalência de hipertensão arterial em pacientes
com a síndrome dos ovários policísticos (SOP) e, até o momento, nenhum estudo
avaliou o impacto do índice de massa corporal (IMC) sobre a pressão arterial (PA),
foram estudados retrospectivamente 69 pacientes com a SOP, com IMC de 29,0 ±
6,7 kg/m2 e idade de 25,6 ± 5,6 anos, subdivididos em 3 grupos de acordo com o
IMC (normal, sobrepeso e obesos) e avaliados com relação à PA, perfil hormonal
basal, glicemia de jejum e sensibilidade à insulina (HOMA-IR). As médias das
pressões arteriais sistólica (PAS) e diastólica (PAD) foram normais (118,1 ± 17,0 e
74,7 ± 11,5 mmHg, respectivamente), com uma prevalência de hipertensão de
20,3%. Das pacientes hipertensas, 78,6% eram obesas e 21,4% apresentavam
sobrepeso. Quando os grupos, subdivididos de acordo com o IMC, foram
comparados, aumento significativo da PAS e PAD foi observado (PAS maior nas
pacientes com sobrepeso e obesas e PAD maior nas pacientes obesas), assim
como um aumento progressivo da glicemia, insulina e HOMA-IR, e um
decréscimo significante e progressivo de LH. Quando as pacientes foram sub-
divididas em normotensas e hipertensas, diferença significativa foi observada so-
mente para IMC (28,2 ± 6,1 e 34,7 ± 8,6 kg/m2, respectivamente; p = 0,007). Em
conclusão, observamos um impacto significativo e progressivo do IMC sobre os
níveis pressóricos em nossas pacientes com a síndrome dos ovários policísticos.
(Arq Bras Endocrinol Metab 2007;51/7:1104-1109)

Descritores: Síndrome dos ovários policísticos; Pressão arterial; Hipertensão;
Índice de massa corporal
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THE POLYCYSTIC OVARY SYNDROME (PCOS) is a het-
erogeneous disorder, characterized by chronic

anovulation and hyperandrogenism, affecting approxi-
mately 5% to 10% of women in reproductive age (1). It
is considered a complex metabolic disease and a risk
factor for the development of diabetes mellitus (DM),
heart disease, and endometrial cancer (2-4). Insulin
resistance (IR) has been considered to be the linkage
between the carbohydrate metabolism disorder and the
increased risk of cardiovascular events and PCOS (5).

Similarly, hypertension can be considered as
one of IR manifestations. Subjects with idiopathic
hypertension show a significant decrease in insulin sen-
sitivity (6,7). A link between hypertension and IR,
regardless of the presence of obesity, was initially pro-
posed by Osei, in 1999 (8). Others factors that can
influence blood pressure levels are age and body mass
index (BMI) (9,10), which are also related with IR
(11,12).

Menopausal women who previously underwent
wedge resection of the ovary for PCOS treatment
showed a prevalence of hypertension three times high-
er than healthy women (13). A higher incidence of
hypertension was also observed in perimenopausal
women with PCOS compared to a group of control
women (14), but not by Cibula et al., in peri-
menopausal women also (15). In all these studies, con-
trol group was pairwise matched for age and weight.

For PCOS patients at reproductive age, the
prevalence of hypertension was significantly higher
than that observed in control group, varying from 9%
to 22% (14,16). Considering blood pressure levels, it
has been observed without significant differences
(17,18), significant higher systolic and diastolic blood
pressure (DBP) (16) as well as significant higher casu-
al diurnal systolic blood pressure (SBP) (19) when
compared with control group.

Only one study reported the effect of age and
BMI on the prevalence of hypertension in patients
with PCOS, but not on blood pressure levels (14).
The aim of this study was to evaluate the impact of
BMI on blood pressure levels in patients with PCOS.

PATIENTS AND METHODS

All patients registered as having PCOS in the out-patient hir-
sutism clinic of the Endocrine Unit of Hospital das Clínicas
of São Paulo, from 1995 to 2004, were traced retrospective-
ly. The patients had been referred to the clinic for hirsutism
evaluation, and PCOS diagnosis was based on the presence
of hirsutism and menstrual dysfunction, after ruling out
Cushing’s syndrome, non classic 21-hydroxylase deficiency,

thyroid dysfunction, hyperprolactinemia, or androgen-
secreting tumor through adequate testing (20). None of the
subjects had any other diseases or had taken any medication
for at least 6 months.

Blood pressure (BP) was measured twice in a mer-
cury sphygmomanometer with cuffs that were adequate for
the circumference of the patient’s arm. The patients were in
the supine position after a 20-minute rest period. We con-
sidered hypertension when SBP was equal to or higher than
140 mmHg and/or DBP was equal to or higher than 90
mmHg for diastolic BP, in accordance with the IV Brazilian
Guidelines in Arterial Hypertension (21). Body mass index
(BMI) was calculated by the formula: weight (kg)/height
(meters)2.

The patients were subdivided into groups, according
to BMI (normal weight: 18.5 to 24.9 kg/m2; overweight:
25.0 to 29.9 kg/m2; obese: ≥ 30 kg/m2), blood pressure
levels (normotensive and hypertensive), and age (less and
higher the mean).

Insulin resistance (IR) was measured through the
homeostatic model assessment (HOMA-IR), calculated as
follows: fasting glucose (mmol/L) x fasting insulin
(µUI/mL)/22.5.

After an overnight fast, blood samples were obtained
from an antecubital vein for the determination of glucose,
insulin, testosterone, dehydroepiandrosterone sulphate
(DHEAS), progesterone, luteinizing hormone (LH), and
follicle-stimulating hormone (FSH), regardless of the last
menstruation date. Samples were considered only when
progesterone concentration was lower than 3 ng/mL (22).

Plasma glucose concentration was determined by a
glucose oxidase method.

For hormone assay determination, blood samples
were centrifuged, and serum was stored at -20º C until
assayed.

Progesterone and testosterone were measured by flu-
oroimmunometric assay (Wallac, Finland). Insulin, LH, and
FSH were measured by immunofluorometric assay (Wallac,
Finland) and DHEAS were measured by radioimmunoassay
(Cisbio International, France, and DSL, Texas, USA).

All the assays were performed in duplicate and the
intra-assay and interassay coefficients of variation did not
exceed 10% and 15%, respectively.

Statistical analysis
The Kolmogorov-Smirnov test was performed in order to
evaluate the normal distribution of variables. The results were
expressed as mean ± standard deviation (SD). The compari-
son between the groups with different BMI was carried out
through analysis of variance (ANOVA) test for variables with
normal distribution and Tukey-Kramer test for analysis of
multiple comparisons. For the nonparametric variables, the
comparison between the groups was performed through
Kruskal-Wallis test and the contrast test used was the Muller-
Dunn’s. Correlation analysis between BP levels and BMI and
insulin sensitivity parameters (insulin and HOMA-IR) were
carried out through linear correlation of Pearson.
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Comparison between the groups of normotensive and
hypertensive patients and less and higher of the mean of age
was performed by the t-Student test. Values of p < 0.05 were
considered statistically significant.

RESULTS

Sixty-nine patients, with BMI of 29.0 ± 6.7 kg/m2

and aged 25.6 ± 5.6 yr, met the adopted criteria for
PCOS. All of them presented menstrual abnormalities
and hirsutism. The mean SBP and DBP were normal
(118.1 ± 17.0 and 74.7 ± 11.5 mmHg, respectively).

Regarding BMI, eighteen patients (26.1%) were
normal, 19 (27.5%) were overweight and 32 (46.4%)
were obese, without significant difference regarding age
among them (24.4 yr, 24.6 yr and 27.0 yr, respectively;
p = 0.160). As can be seen in table 1 and figure 1, SBP
was significantly higher in the groups of overweight and
obese patients than in the normal BMI group (p =
0.001 and < 0.001, respectively), without any signifi-
cant difference between them (p = 0.636). For DBP, it
was significantly higher in the groups of obese than in
the normal and overweight groups (p < 0.001 and p <
0.05, respectively), without any significant difference
between the normal and overweight groups (p > 0.05).

When the laboratory parameters were analyzed
according to BMI (table 1), there was a progressive
and significant decrease in LH level from normal
weight to obese groups and a progressive and signifi-
cant increase of glucose, insulin, and HOMA-IR from
normal weight to obese groups. The mean of LH lev-
els was significantly lower and the mean of glucose,
insulin, HOMA-IR, SBP, and DBP were significantly
higher in obese versus normal weight groups, while the

mean of LH was significantly lower and the mean of
HOMA-IR and DBP were significantly higher in
obese versus overweight groups. When the group of
normal weight and overweight were compared, there
were significant differences only for the mean of LH
levels, lower in overweight group, and for the mean of
SBP levels, higher in overweight group.

The prevalence of hypertension in the group as
a whole was 20.3% (n = 14). Four patients showed iso-
lated systolic hypertension and four showed isolated
diastolic hypertension, while the other six showed
both systolic and diastolic hypertension. When the
patients were subdivided according to the mean of
age, an 18.2% hypertension prevalence was observed in
those younger than 25.6 years of age (n = 33), rising
to 21.0% when above this age range (n = 36). The
mean level of SBP and DBP for the group younger
than 25.6 yr were 117.4 ± 18.5; 73.4 ± 12.1 mmHg,
respectively, while for the group older than 25.6 yr
were 118.3 ± 15.8; 75.6 ± 11.1 mmHg, respectively,
without significant difference between them (p =
0.840 for SBP and p = 0.441 for DBP).

Regarding BMI, 78.6% of the hypertensive
patients were obese and 21.4% were overweight. No
patients with normal BMI were hypertensives.

When the group of normotensive patients was
compared with the group of hypertensive patients, a
significant difference was observed only for BMI,
higher in the group of hypertensive patients 28.2 ± 6.1
kg/m2 versus 34.7 ± 8.6 kg/m2, p = 0.007) (table 2).

Body mass index was positive correlated with
SBP (r = 0.4494; p < 0.001) and DBP (r = 0.5829; p
< 0.001). We did not observe correlation between BP
levels (SBP and DBP) and insulin sensitivity parame-
ters, insulin, and HOMA-IR.

Figure 1. Systolic (upper panel) and diastolic (lower panel) blood pressure means according to body mass index (BMI) in
patients with polycystic ovary syndrome.
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DISCUSSION

The prevalence of hypertension in patients with PCOS
varies according to the age range of the patients. For
menopausal or climacteric women with a previous his-
tory of PCOS, this prevalence varies from 28.1% to
39.0% (13,14), while for patients who are in their
third or fourth decades of life, the prevalence varies
from 3.8% to 22.0% (14,16). This difference of preva-
lence according to the age range is probably a conse-

quence of aging itself, as the studied patients were
pairwise matched by weight and, as shown in the study
of Elting et al., the prevalence of hypertension
increased significantly with the age range (14). In our
series, in patients who are in the second to the third
decades of life, the prevalence was 20.3%, similar to
the one observed by Vrbíková et al., of 22%, in the
same age range and using the same methodology
(mercury sphygmomanometer reading) (16), but
higher than that observed by Elting et al. in this same

Table 1. Laboratory and clinic profile, under basal conditions, according to body mass index.

Normal Overweight Obese p
(n = 18) (n = 19) (n = 32) (ANOVA or 

Kruskal-Wallis)
LH1 (IU/liter) 14.4 ± 6.6 11.1 ± 4.4a 8.2 ± 3.7b,c < 0.001
FSH1 (IU/liter) 5.3 ± 1.8 4.9 ± 1.9 5.2 ± 2.6 0.807
Testosterone1 (ng/dl) 119.6 ± 45.1 119.5 ± 36.0 118.6 ± 42.4 0.995
DHEAS1 (ng/ml) 1,920.3 ± 1,163.0 2,816.8 ± 1,948.7 1,901.2 ± 1,170.1 0.066

Glucose1 (mg/dl) 82.3 ± 8.2 89.5 ± 9.0 92.7 ± 13.4b 0.008

Insulin2 (µIU/ml) 10.2 ± 8.1 20.7 ± 14.3 33.1 ± 18.6d < 0.0001

HOMA-IR2 2.1 ± 1.5 4.4 ± 3.1 7.6 ± 3.9c,d < 0.0001

SBP1 (mmHg) 103.3 ± 10.3 120.8 ± 9.8a 124.7 ± 18.4b < 0.001
DBP1 (mmHg) 67.4 ± 7.3 73.4 ± 9.5 80.9 ± 12.4c,d 0.0002

Values expressed in mean ± SD. Comparison between the groups performed through ANOVA test and Tukey-Kramer
test for multiple comparisons.
Values expressed in mean ± SD. Variance analysis performed through Kruskal-Wallis test and multiple comparison
by pairs through Dunn method.
a p < 0,05 Normal weight versus Overweight; b p < 0,05 Normal weight versus Obese; c p < 0,05 Overweight versus
Obese; d p<0.001 Normal weight versus obese.
LH: luteinizing hormone; FSH: follicle-stimulating hormone; DHEAS: dehydroepiandrosterone sulphate; HOMA-IR:
homeostatic model assessment; SBP: systolic blood pressure; DBP: diastolic blood pressure.

Table 2. Comparison of clinical and laboratory parameters between the groups
of normotensive and hypertensive patients1. 

Normotensives Hypertensives
(n = 55) (n = 14) p

Age2 (years) 25.9 ± 5.5 24.4 ± 6.8 0.47
BMI2 (kg/m2) 28.2 ± 6.1 34.7 ± 8.6 0.007
LH2 (IU/liter) 10.7 ± 5.7 10.9 ± 3.3 0.91
FSH2 (IU/liter) 5.1 ± 2.3 5.7 ± 1.8 0.46
Testosterone2 (ng/dl) 118.9 ± 37.0 135.9 ± 54.9 0.23
DHEAS2 (ng/ml) 2,156.1 ± 1,523.3 2,420.1 ± 1,238.3 0.62
Glucose2 (mg/dl) 88.9 ± 12.4 88.0 ± 8.2 0.83
Insulin3 (µIU/ml) 21.6 ± 17.9 29.0 ± 15.0 0.08
HOMA-IR2 5.18 ± 4.07 5.15 ± 3.62 0.98

BMI: body mass index; LH: luteinizing hormone; FSH: follicle-stimulating hor-
mone; DHEAS: dehydroepiandrosterone sulphate; HOMA-IR: homeostatic model
assessment.
1 According to the IV Brazilian Guidelines in Arterial Hypertension (21).
2 Values expressed in mean ± SD. Comparison between groups performed
through t-Student test.
3 Values expressed in mean ± SD. Comparison between groups obtained
through Mann-Whitney test.
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age range (3.8%) (14), possibly due to the methodol-
ogy used by them (telephone inquiry), which might
have underestimated the real prevalence of BP.

Our prevalence was similar to the one observed
in the general population of the city of São Paulo by
Rego et al. (23), of 22%, but lower than that observed
by Mion et al. (10), of 26%, among employees who
work in the healthcare area of the same city. However,
when our patients were subdivided according to the
mean of age, the prevalence of hypertension in the
ones younger than 25.6 yr was 18.2%, and 21.0% in
those older than this age, which is higher than the one
observed by Mion et al. in the same age range (10),
being 8% in those younger than 30 yr and 17% in
those between 31 and 40 years of age.

Considering that BMI is a determinant factor of
pressure levels (24), we subdivided our patients into
three groups (normal weight, overweight, and obese)
in order to evaluate the BMI impact on the prevalence
of hypertension. We observed that the prevalence of
hypertension increased with BMI. In fact, no patient
with normal BMI showed hypertension, while 21.4%
of patients with hypertension were overweight and
78.6% were obese. According to these, when hyper-
tensive patients were compared with normotensive
ones, a significant difference was observed only for
BMI, which was higher in hypertensive patients.
Moreover, we showed a positive correlation between
BP levels and BMI. The influence of BMI on the
prevalence of hypertension in patients with PCOS was
the object of study only of Elting et al, which found a
higher BP prevalence for a BMI > 27 kg/m2 (14).

We also observed a BMI impact on LH con-
centrations and on the parameters related to insulin
sensitivity. In fact, LH concentrations and insulin sen-
sitivity decreased, while the glucose and insulin con-
centrations augmented with BMI increase. These data
are compatible with those found in the literature (25),
and they could be indicating a worsening of the para-
meters relative to the carbohydrate metabolism with
the increase of the BMI and a possible modulation of
LH secretion by insulin (26).

In the general population, a positive correlation
between blood pressure levels and plasma insulin con-
centrations has been observed (27-30), while in essen-
tial hypertension, insulin resistance, regardless of obe-
sity, has been demonstrated in subjects with normal
glucose tolerance (6,27). In this study, we observed
that blood pressure levels and the prevalence of hyper-
tension increased and insulin sensitivity decreased,
while there was a BMI increase. However, when the
group of normotensive patients was compared with

the hypertensive ones, an issue not yet addressed in
previous studies (17-19), we did not observe significant
difference with relation to insulin sensitivity. Moreover,
we did not observe correlation between BP levels and
insulin sensitivity parameters. In fact, the relationship
between insulin sensitivity and blood pressure levels in
PCOS is controversial. Zimmerman et al. (17) and
Sampson et al. (18) did not find differences in blood
pressure levels when using 24h blood pressure mea-
surement between normal and PCOS women,
although a significant difference with relation to insulin
sensitivity was observed. We believe that there are other
determinants of hypertension in our patients with
PCOS, such as genetic predisposition, among others.
According to Elting et al. (14), hypertensive patients
with PCOS have a higher prevalence of familial hyper-
tension than the ones with PCOS without hyperten-
sion, suggesting genetically distinct populations.

In conclusion, we observed that the prevalence
of hypertension increases with BMI and that higher
blood pressure levels were associated with higher BMI.
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