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Handedness and gender influence blood pressure
in young healthy men and women: A pilot study
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Objective. The type and level of sex steroids influence blood pressure (BP). It has been suggest-
ed that functional brain asymmetries may be influenced by sex hormones. In addition, there are
inter-arm differences in BP not yet related with handedness. In this study, we hypothesize a pos-
sible association between sex hormones, handedness, and inter-arm differences in blood pressure.

Methods. To analyze this hypothesis, we measured BP in the left and right arm of the left and
right handed adult young men and women in menstrual and ovulatory phase and calculated their
mean arterial pressure (MAP).

Results. Significant differences depending on sex, arm, handedness or phase of the cycle were
observed. MAP was mostly higher in men than in women. Remarkably, in women, the highest
levels were observed in the left handed in menstrual phase. Interestingly, the level of handedness
correlated negatively with MAP measured in the left arm of right-handed women in the ovula-
tory phase but positively with the MAP measured in the right arm of right-handed women in the
menstrual phase.

Conclusions. These results may reflect an asymmetrical modulatory influence of sex hormones
in BP control.
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There are gender differences in blood pressure
(BP), its levels being higher in men than in women
through much of their life (Sandberg and Ji 2012).
Although changes in BP throughout menstrual cy-
cle are contradictory (Dunne et al. 1991; Minson et
al. 2000), the influence of the type and level of sex
hormones on BP is clearly demonstrated (Dubey et
al. 2002). Inter-arm differences in BP are frequent
in clinical practice and this may be associated with
cardiovascular risk (Clark 2015), but the etiology for

such difference in the clinic is not clearly established.
In addition, inter-arm BP differences were also de-
scribed in healthy subjects (Grossmanet al. 2013), but
the possible relationship with the level of handed-
ness was not investigated. The predominance of the
strength and skill of one hand over the other is con-
sidered the most striking functional asymmetry in
humans (McManus 2002).It has been proposed that
the brain and cardiovascular functions are recipro-
cally and asymmetrically interconnected (Banegas
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et al. 2011; Segarra et al. 2013). In addition, there are
gender differences in functional brain asymmetries
that are modified in women throughout the menstru-
al cycle (Weis and Hausmann 2010).This background
may suggest that sex hormones may modulate BP and
brain lateralized functions. We hypothesize an asso-
ciation between sex hormones, handedness, and BP.
Therefore, we designed a study in which the levels of
BP in the left and right arm of left and right handed
young adult men and women (in the menstrual and
ovulatory phase) were determined. Both phases were
selected because of their radical opposite hormonal
levels.

Materials and Methods

Ethics. The ethics committee for human research
of the University of Jaen (CEIH 090414-1) approved
all procedures used in this investigation (in advance).
The study was conducted in accordance with the
Declaration of Helsinki. All procedures were carried
out with the adequate understanding and written in-
formed consent of the participants.

Participants. The groups of young men and wom-
en that voluntarily participated in this study were the
following:

1. Right-handed men (RHM; n=13; 21.3+0.58 years
old);

2. Left-handed men (LHM; n=12; 21.4+0.39 years
old);

3. Right-handed women (RHW; n=11; 20.8+0.44
years old);

4. Left-handed women (LHW; n=10; 21+0.42 years
old).

The level of handedness was determined by the
Edinburgh Handedness Inventory (Oldfield, 1971)
which give values from -1 (stronger left-handedness)
to +1 (stronger right-handedness). All subjects were
university students and self-reported to be non-smok-
ers, non-consumers of alcohol and not under medica-
tion. All young women self-reported to have regular
menstrual cycles of 28 days with a clear knowledge
of their day of ovulation. In young women, BP was
recorded in the menstrual (1% or 2™ day of bleeding)
(RHWM or LHWM) and during the ovulatory phase
(RHWO or LHWO).

Blood pressure measurement. Blood pressure
was measured in all the subjects in the sitting posi-
tion following 5 min of rest, with the arms resting on
the table at the heart level, using an automatic arm
sphygmomanometer (Pic indolor diagnostic CS 410,
Italy).Values were obtained in one arm (either right
or left, without preference) and sequentially (at least 3

min interval), in the other arm by performing three
consecutive measurements (1 min interval between
each). The average of the last two measures was se-
lected as final data for analysis (Grossman et al. 2013).

Basal body temperature measurement. The wom-
en measured their basal body temperature (BBT)
from the 1% day of cycle (1** day of bleeding), every
morning before getting out of the bed, using a digi-
tal thermometer. When a sudden rise of BBT was re-
corded (always occurring the day 14 of cycle), this was
considered as sign of the ovulatory phase. A shift in
BBT from the 1* day of cycle is considered reliable
as sign for ovulatory phase with a probability of be-
ing within + 1 day of the true ovulation day (Dunson
et al. 1999). The participating women have regular
menstrual cycles and they have repeatedly confirmed
their regular days of ovulation. Recording were made
in the morning over a 3 months period from March
to June.

Statistical analysis. To facilitate the understand-
ing of the results, the analysis was limited to the
study of differences in mean arterial pressure (MAP),
calculated as [(2 x diastolic) + systolic] /3 (Klabunde
2015). The experimental design was following: four
factors were considered, three of them were fix ef-
fects (sex, laterality and arm) and one random ef-
fect (subject). Sex had two levels: male and female
but in the case of female two groups were consid-
ered: ovulation and menstruation. Therefore, three
groups were considered: male, female in ovulation
and female in menstruation. Handedness had two
levels, right-handed and left-handed and the arm,
a repeated measures factor with two levels: left and
right. The random effect factor was nested in the
interaction of sex by handedness. The design was
analyzed using the corresponding ANOVA's table
looking first to the interaction of sex-handedness-
arm. If significant, subsequent pairwise compari-
sons using Bonferroni’s penalization were performed
(Table 1, Figure 1, Figure 2). To study the association
between level of handedness and the rest of param-
eters, Pearson’s coeflicient of correlation was com-
puted (figure 3). All computing was made using Stata
11.3 and the ANOVA and margins packages from
it. P values below 0.05 were considered significant.

Results

Level of handedness. The level of handedness was
higher (p<0.01) in right-handed than the left-handed
men (Figure 1). No differences between right-handed
men and right-handed women or between left-hand-
ed men and left-handed women were observed. No
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differences were observed when the level of handed-
ness was compared between left-handed and right-
handed women.

Inter-arm differences. Although MAP was higher
in the left arm of LHM, RHM, and LHWO and in the
right arm of RHWO, LHWM, and RHWM, the only
the inter-arm significant difference was observed in
the group of RHWO (p=0.02) (Table 1).

Left arm. Mean arterial pressure determined in
the left arm demonstrated fewer differences between
groups than the MAP determined in the right arm.
LHM was significantly higher than RHWO (p<0.01)
and RHWM (p<0.05) (Figure 2).

Right arm. Mean arterial pressure determined
in the right arm demonstrated significantly higher
levels in LHM than LHWO (p<0.001) and RHWM
(p<0.05). RHM was significantly higher than LHWO
(p<0.05). LHWO was significantly lower than RHWO
(p<0.05) and LHWM (p<0.01) (Figure 2).

Analysis of regression. A significant negative
correlation between the level of handedness and the
MAP measured in the left arm of right-handed wom-
en in the ovulatory phase was observed (r=-0.672,
p=0.01): the higher level of handedness, the lower
level of MAP and vice-versa (Figure 3). This indicates
that the more the right-handed women is using her
right hand, the lower the MAP in the left arm at ovu-
lation. In contrast, a significant positive correlation
between the level of handedness and the MAP mea-
sured in the right arm of right-handed women in the
menstrual phase was observed (r=+0.528, p=0.04):
the higher level of handedness, the higher level of
MAP and vice-versa (Figure 3). In this case, the more
the right-handed women is using her right hand, the
higher the MAP in the right arm at menstruation.

Discussion

The present data demonstrate the existence of
inter-arm and handedness differences at the level
of MAP, which, depend on the gender, and the sta-
tus of the ovarian cycle. Grossman et al. (2013) have
concluded that inter-arm differences are common
in healthy young subjects and that these differences
are not dependent on which arm was measured first.
However, they did not consider gender, handedness
or phase of ovarian cycle. Therefore, to our knowl-
edge this is the first report that describes a possible
connection between all of these variables.

Mean arterial pressure was mostly higher in men
than in women, but remarkably in women the high-
est levels of MAP (determined in both left and right
arms) were observed in the group of left handed in

Table 1
Inter arm differences in Mean Arterial Pressure
(mean + S.E.M.) in the groups studied

Left Arm Right Arm p-value
LHM 88.6x3.7 87.7£2.7 0.82
RHM 85.6+4.4 82.5%2.8 0.24
LHWO 78.3+3.6 72.3%£2.8 0.23
RHWO 75.742.2 80.9+2.7 0.02%
LHWM 82.3+4.7 85.6+3.4 0.34
RHWM 76.9+1.9 79.3+2.1 0.18

Abbreviations: LHM - left-handed men; RHM - right-handed
men; LHWO - left-handed women ovulation; RHWO - right-
handed women ovulation; LHWM - left-handed women
menstruation; RHWM - right-handed women menstruation.
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Figure 1. Levels of handedness determined by the Edinburgh
handedness inventory in young men and women right- and
left-handed. Data are presented as mean + SEM (**p<0.01).

menstrual phase. Since, it has been reported that left-
handed people have a greater probability to suffer of
specific health disorders such as hypertension than
right-handed people (Bryden et al. 2005), this condi-
tion should be further analyzed not only throughout
the fertile life of left-handed healthy women but also
in hypertensive ones and in situations of cardiovas-
cular risk.

There are conflicting results regarding the exis-
tence of BP differences throughout menstrual cy-
cle. Whereas some authors did not found changes
between luteal and follicular phase (Minson et al.
2000), others have found higher levels of BP in the
menstrual phase than in the luteal one (Dunne et al.
1991).Changes in the plasmatic levels of androgens
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Figure 2. Levels of mean arterial pressure measured in the left and right arm of right- and left-handed young adult men and young
adult women in menstruation and ovulatory phase. Data are presented as mean + SEM. The level of significance (p) of the com-
parisons between groups is indicated below each figure. Abbreviations: LH - left-handers; RH - right-handers; LHO - left-handed
women ovulation; RHO - right-handed women ovulation; LHM - left-handed women menstruation; RHM - right-handed

women menstruation; N.D. — no difference.

throughout the menstrual cycle, possibly related to
menstrual mood changes (Duskova et al. 2011), could
be related with modifications in BP. It should also be
noted that women have a higher rate of cerebral blood
flow than men (Gur and Gur 1990). Further, the de-
gree of hemispheric flow asymmetry was influenced
by sex and handedness: females have a higher rate of
blood flow per unit weight of brain, and left-handers
a greater percentage of fast-clearing tissue, presum-
ably gray matter (Gur et al. 1982). In addition, a cyclic
vasodilatation of the vasculature of the right hemi-
sphere across the menstrual cycle has been reported
(Krejza et al. 2013). However, to our knowledge, no
studies differentiating left- and right-handed women
during the menstrual cycle have been performed.
Previous studies in animal models have suggested
the existence of asymmetries in the cardiovascular
control, which may be due in part to asymmetries

in the autonomic innervations of heart and vessels
(Banegas et al. 2011; Segarra et al. 2013). This may be
linked to modifications in functional cerebral asym-
metries in fine motor coordination, which were af-
fected by sex hormonal changes during the menstru-
al cycle (Bayer and Hausmann 2012).

Taking together, the present results suggest a con-
nection between the existence of differences in BP in
inter-arm measurements, handedness, gender, and
phase of the ovarian cycle, which may suggest an
asymmetrical modulatory influence of sex hormones
in BP control.

Study limitations
Although the population analyzed was small and

the level of handedness was obtained through ques-
tionnaire (which could be considered as a qualitative
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Figure 3. Significant correlations between the level of handedness and the mean arterial pressure (MAP) (mmHg) measured in the
left and right arm of right-handed women in the ovulatory and menstrual phase, respectively.

value), the groups were very homogeneous and con-
stituted for healthy non-hypertensive young adults.
Given very little variability between the individuals
involved, in this study, there were clear significant
differences between groups. Although some authors
have recommend to measure BP simultaneously in
both arms (Verberk et al. 2011), this is certainly not a
practical method in a clinical setting. Other authors
have also used sequential measurements to evaluate
inter-arm differences in BP (Grossman et al. 2013).
Finally, it should be taken into account that brain
asymmetry and the level of handedness may change
with the ovarian cycle (Weis and Hausmann 2010;
Bayer and Hausmann 2012).

Conclusion

In conclusion, the present report is a pilot study
that strongly suggests a functional interaction be-
tween handedness, BP, sex, and phase of the ovarian
cycle, which may involve an asymmetrical modula-
tion of BP control by sex hormones.
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