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Effect of the use of female hormones on platelet volume indices: evidence

from ELSA-Brasil
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ABSTRACT

Introduction: Platelet volume indices (PVI) are obtained using
haematology analysers at a low cost. Studies have suggested that these
indices might be good markers of platelet function in women using
oral contraceptives (OC) or hormone therapy (HT). This study aims to
investigate the association of PVI with both OC and HT use (current
or past) in women. Methods: Cross-sectional study carried out with
609 women of childbearing age and 640 going through menopause
from the baseline of ELSA-Brasil. We used analysis of variance and the
Bonferroni post-test to compare the PVI means according to the use of
OC and HT, considering p<0.05 as statistically significant. Results: The
mean (SD) age of participants of childbearing age was 45.1 (5.0) years,
and of those going through menopause 58.3 (6.5) years. No significant
differences were observed in the mean values of PVI between non-users,
ex-users, and current users of OC and HT. Conclusion: PVI were not
associated with the current or past use of OC and HT in women over
35 years of age.

Keywords: Oral contraceptive; Hormone therapy; Medium platelet
volume.
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Introdugdo: Os indices de volume plaquetirio (IVP) siao obtidos
por meio de analisadores hematolégicos de baixo custo. Estudos tém
sugerido que esses indices podem ser bons marcadores da funcio
plaquetdria em mulheres em uso de contraceptivos orais (CO) ou terapia
hormonal (TH). Objetivo: Este estudo tem como objetivo investigar a
associagao dos IVP com o uso de CO e TH (atual ou passado). Métodos:
Estudo transversal realizado com 609 mulheres em idade fértil e 640
em menopausa da linha de base do ELSA-Brasil. Utilizou-se a anilise
de varidncia (ANOVA) e o pés-teste de Bonferroni para comparar as
médias dos IVP segundo o uso de CO e TH, considerando p<0,05
como estatisticamente significativo. Resultados: A idade média (desvio
padrao) das participantes em idade fértil foi de 45,1 (5,0) anos, e das que
estdo na menopausa, 58,3 (6,5) anos. Nio foram observadas diferengas
significativas nos valores médios dos IVP entre nio usudrias, ex-usudrias
e usudrias atuais de CO e TH. Conclusao: Os IVP nio se mostraram
associados a0 uso atual ou passado de CO e TH em mulheres acima de
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INTRODUCTION

Thromboembolic disorders have serious complications
in the short and long term and are among the main causes
of morbidity and mortality worldwide'.

Studies have shown that women who use oral
contraceptives (OC) or hormone therapy (HT) are at higher
risk of developing thromboembolic disorders than those who
do not??. The use of OC has been reported to cause a state of
hypercoagulability caused by increased hepatic production
of coagulation factors (fibrinogen and factors VII, VIII,
IX, X, XII, and XIII), reduction in natural anticoagulants
(protein S and antithrombin) and development of acquired
resistance to activated protein C (APC)’. Similarly, HT
seems to promote increased levels of factors VII and X and
fibrinogen, decreased antithrombin levels, and resistance to
APC*. However, studies have suggested that all these effects
appear to be nullified with discontinuation of use, although
these findings are still inconclusive®’.

Because platelets have pro-inflammatory and pro-
thrombotic functions, they play an important role in the
development of thromboembolic disorders. It is suggested
that the increase in platelet volume indices (PVI), such as
mean platelet volume (MPV), platelet distribution width
(PDW), and platelet large cell ratio (P-LCR), could signal
a state of greater platelet reactivity, which predisposes
to hypercoagulability®. If this were indeed the case, PVI
could assist in detecting the risk of possible cardiovascular
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complications caused by female hormones, which would
support the search for evidence for their clinical use.

Thus, given the advantage of these indices being easily
obtained using haematology analysers at low cost, this study
aimed to investigate whether the (current or past) use of OC
and HT is associated with PVI, regardless of confounding
factors, in a sample of Brazilian women of childbearing age
or in menopause.

METHODS

We conducted this cross-sectional study using data from
the baseline (2008-2010) of the Brazilian Longitudinal Study
of Adult Health (ELSA-Brasil), a prospective multicentre
cohort composed of 15,105 civil servants aged between 35
and 74 years from teaching and research institutions in six
Brazilian capitals’.

Of the 2,351 women participating in the ELSA-Brasil
baseline from the states of Minas Gerais and Rio Grande do
Sul (these centres were selected because they used the same
PVI measurement methods), 1,149 were of childbearing
age (those who reported menstruating at the time of the
interview) and 1,202 were in menopause (those who
reported no longer menstruating due to natural causes for at
least 12 months at the time of the interview)’.

Participants who did not provide information about
PVI and the use of OC or HT (n=1,102) were excluded.
Although participants using antithrombotic medications
[n=46 (3.7%)] are usually excluded from studies that
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address haemostasis-related parameters, analysis with and
without these participants showed no difference in the
results, and therefore, they remained in this study. Thus, the
sample of the present study was composed of 609 women
of childbearing age (48.8%) and 640 women going through
menopause (51.2%) (Figure 1).

Participants who reported using OC or HT at the time
of the interview were classified as current users of these
medicines, those who used OC or HT in the past but did
not use them at the time of the interview were classified as
ex-users, and those participants who reported never having
used OC or HT were classified as non-users.

PVI were measured using XE 2100 D haematology
analysers (Sysmex, Kobe, Japan). The time between collection
and the test procedure was up to 2 hours®. The quality of
the results was validated by internal quality procedures
and participation in the proficiency of programs of the
Brazilian Society of Pathology and Laboratory Medicine
and the College of American Pathologists. An equivalence
test between the analysers previously used was carried out to
guarantee the interchangeability of the results’. Intra- and
inter-assay coeflicients of variation were <1.6% and <2.2%
for PVI, respectively.

The study covariables were age (continuous, in years),
diabetes (defined by means of self-report of diabetes or
treatmentwith insulin or hypoglycemicagentor by laboratory
values of fasting glucose 2126mg/dL, or glucose 2200mg/
dL after the tolerance test or glycated haemoglobin 26.5%),
hypertension (systolic blood pressure level 2140mmHg and/
or diastolic blood pressure level 290mmHg and/or use of
antihypertensive medication), obesity (participants who
had a body mass index >30kg/m?* were defined as obese),
ratio between total cholesterol (continuous) and high-
density lipoprotein cholesterol (HDL-c) (continuous) [total
cholesterol/HDL-c], triglycerides (continuous), and use of
lipid-lowering drugs (categorised as no or yes).

The normality of continuous variables was assessed
using histogram analysis. Continuous variables that showed
a symmetrical distribution were described using mean +
standard deviation. For comparing means between the
categories of use of OC and HT, analysis of variance and
the Bonferroni post-test were used. The variables with
asymmetric distribution were described using the median
and interquartile range (Q1-Q3). For the comparison
between the categories of use of OC and HT, the Kruskal-
Wallis test was used. The association between the use of
OC and HT and PVI was assessed using linear regression.
Crude and adjusted B coeflicients and their respective 95%
confidence intervals (Cls) were estimated. The variables used
as adjustment were those associated with both the use of
OC among women of childbearing age and the use of HT
among menopausal women and with PVI. A p-value <0.05
was considered significant. All analyses were performed
using the Stata software version 14.0 (Stata, College Station,
TX, US).

ELSA-Brasil was approved by the Research Ethics
Committees of the participating institutions and by

the National Committee for Research Ethics (CONEP
976/2006) of the Ministry of Health. All study participants
signed an Informed Consent Form.

REsurTs

Of the 609 participants of childbearing age (48.8%),
140 (23.0%) never used OC, 418 (68.6%) used them in the
past, and 51 (8.4%) were currently using them. Of the 640
menopausal participants (51.2%), 324 (50.6%) never used
HT, 227 (35.5%) used it in the past, and 89 (13.9%) were
currently using it. The characteristics of the study population
with respect to age, health conditions, lipid profile, history
of thrombotic events, and use of antiplatelet/anticoagulant
agents are shown in Table 1. Compared to ex-users and
non-users, women of childbearing age currently using OC
were younger (p<0.001) and had a lower total cholesterol/
HDL-c ratio (p<0.001) and higher serum triglyceride levels
(»<0.05). On the other hand, when compared to ex-users
and non-users, menopausal women using HT were younger
(9<0.001) and had lower serum triglyceride levels (p<0.001)
and a lower prevalence of hypertension (p<0.05), obesity
(9<0.05), and use of lipid-lowering drugs (p<0.05).

There were no significant differences in the mean values
of MPV, PDW, and P-LCR between current users, ex-users,
and non-users of OC or HT (Figure 2).

Current use and past use of OC and HT were not
associated with PVI, and adjustment for confounding
factors did not change the results (Table 2).

DiscussioN

This cross-sectional study, conducted with a sample of
Brazilian middle aged adult women of childbearing age
and women going through menopause, did not support
the hypothesis that the mean PVI would be higher among
women currently or past using OC compared to non-users
or among women using HT compared to non-users.

Larger platelets are metabolically and enzymatically
more active than smaller ones, as they contain more alpha
granules, produce more thromboxane A2, and have high
adhesion glycoprotein expression'®!!. For this reason,
increased PVI could theoretically be alternative markers
capable of assisting in the early detection of possible
cardiovascular complications resulting from the use of OC
or HT.

A study on cardiovascular risk factors suggested a
compensatory production of larger and more active platelets,
in view of greater activation'>. OC and HT promote a state
of hypercoagulability due to their effects to increase hepatic
production of clotting factors, reduce plasma levels of natural
anticoagulants, and develop resistance to APC?. However, it
is unclear whether therapy with OC or HT could induce
the production of more reactive platelets, that is, of larger
size. It is possible that such therapies alone are not able to
promote a continuous production of larger platelets, which
could explain the lack of association between the current use

of OC and HT and PVI, as shown in our study.
Rev Med Minas Gerais 2023; 33: e-e33109
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Figure 1. Scheme of the study population. HT, hormone therapy; PVI, platelet volume indices; OC, oral

contraceptive; MG., Minas Gerais; RG, Rio Grande do Sul.

Although this is one of the first Brazilian studies to
investigate the association between platelet markers and the
use of OC and HT, researchers have already investigated this
association in other countries. David et al."%, already in the
1990s, in an intervention study in Belgium with 36 young,
healthy women, analysed the effect of low-dose OC on
platelets. Two identical groups were treated with Marvelon’
(single-phase OC with ethinyl oestradiol and desogestrel)
or Trigynon™ (three-phase OC with ethinyl oestradiol and
levonorgestrel) for a period of 6 months. There were no
significant changes in the number of platelets or in the rate
of platelet aggregation, which suggests the absence of reactive
platelets due to the use of these drugs. An intervention study
by Bulur et al. (2012)" investigated 95 women in Turkey
and found no difference in platelet counts or MPV before
and after 6 months of treatment with OC.

Regarding HT, Ranganath et al. (1996)", in an
intervention study in England with 38 women with a mean
age of 52.2 years, reported a significant increase in MPV after
6 weeks of treatment with HT [conjugated equine oestrogen
(0.625mg/day) combined with L-norgestrel (75mg/day)].
In contrast, Teede et al. (2001)', in an intervention study in
Australia with 32 women (median age of 50 years), did not
observe a difference in MPV after six months of using HT
(2 mg of oestradiol combined with 1 mg of norethisterone).
Sarag et al. (2009)", also in an intervention study with
80 women in Turkey with a mean age of 52 years, found
no difference from baseline in the platelet function of
participants using HT after 6 months.

Although PVI indirectly estimate platelet function
and are easily obtained at low cost using haematology
analysers, studies investigating the association with the use
of OC and HT are still scarce, especially observational,
and contradictory”®"’. Our study did not identify such an
association. This lack of association suggests that PVI are not

Rev Med Minas Gerais 2023; 33: e-e33109

efficient in detecting reactive platelets resulting from the use
of OC and HT, or even that this therapy is in fact not able
to influence the production of platelets with greater volume,
having a more significant effect on pro- and anticoagulant
factors. However, a larger number of studies are needed to
support these results.

It is also important to highlight that the ELSA-Brasil
cohort includes women aged 35 years or older, i.e., at least
20 years of childbearing age are not covered by the study. The
mean age of our participants (45.1 years) was considerably
higher than other studies that evaluated the use of OC (<40
years). Thus, our OC prevalence is lower when compared
to other studies', which may have limited our ability to
find an association, if such a fact existed. The majority of
the studies that found association between HT and PVI
are intervention studies, which may explain the differences
between our results and those.

Our results also demonstrated that the ex-users of
OC and HT have similar PVI to non-users. In agreement
with our results, Rosendaal et al. (2003)%, in a literature
review, and Grodstein et al. (1996)", in a cohort study,
demonstrated that the risk of developing thromboembolic
disorders resulting from the use of OC and HT, respectively,
is cancelled after discontinuing use.

Our study has some limitations, such as the cross-
sectional study design that does not allow inferring the
temporality between exposure and outcome, i.e. even if
the result were statistically significant, it would not be
enough to infer that the use of female hormones induces
the production of more reactive platelets. A considerable
loss of the participants’ PVI also occurred, which made it
impossible to conduct stratified analyses regarding oestrogen
concentration, type of progestogen, type of contraceptive
(combined or not), dosage (continuous or with pause) and
time of use of OC and HT, since these characteristics seem
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Figure 2. Distribution of the means of MPV, PDW, and P-LCR of participants of childbearing age (n = 609)
and in menopause (n = 640) in the Brazilian Longitudinal Study of Adult Health (ELSA-Brasil) from the states
of Minas Gerais and Rio Grande do Sul, according to the categories of use of oral contraceptives and hormone
therapy. For the analysis of variance, values were expressed as mean + standard deviation.

to modify the association between OC and HT use and
PVI. In addition, self-reported data, mainly regarding to
past OC and HT use, may have been compromised due to
possible difficulty in remembering past behaviours, such as
the type and concentration of medicines used. Finally, the
age of the participants in this study does not include the
entire childbearing age group of the Brazilian population
and contraceptive use. However, we do not believe that it
could have compromised the results.

On the other hand, the present study also shows
strengths, blood samples as well as laboratory tests were
performed by trained and certified staff.

CONCLUSION

PVI, under the conditions of our study, were not
associated with the use of OC and HT, suggesting that such
parameters are not useful to evaluate circulating platelets
that differ in size and haemostatic potential and that
their use would not add to the assessment of the state of
hypercoagulability caused by the use of female hormones in
women over 35 years of age.
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