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ABSTRACT

Objectives: This study aims to investigate the effects of estrogen and progesterone on nerve conduction studies (NCSs) in three different 
hormonal phases of the ovarian cycle.
Patients and methods: Between April 2008 and July 2008, a total of 40 healthy volunteer women (mean age: 24.1±5.1 years; 
range 21 to 43 years) with regular menstrual cycles were included in this prospective study. The participants were regularly menstruating 
for at least one year, without any hormonal disease and without taking any medication that could lead to hormonal dysregulation. Motor 
and sensory conduction velocities, amplitudes, and distal latencies were analyzed at the dominant extremities within the early follicular 
phase (EFP), late follicular phase (LFP), and the midluteal phase (MLP).
Results: Except for the median nerve motor conduction velocity (MCV), there were no statistically significant differences between the 
peripheral NCS results in the three ovarian cycle phases (p=0.033). After adjusting for multiple comparisons, a significant difference was 
found between the EFP and LFP (p=0.004).
Conclusion: Our study results showed that only median nerve MCV was affected in the menstrual cycle. However, this would be an 
incidental finding, or an increased sensibility of the median nerve motor fibers to ovarian steroids by an unknown mechanism. Further 
studies are warranted. 
Keywords: Electromyography, median nerve, nerve conduction, ovarian cycle.

Nerve conduction studies (NCSs) are affected 
by several physiological factors, such as age, height, 
and temperature.[1] Over the last three decades, many 
researchers have studied neuroactive steroids (NASs) 
and their effects on nerve physiology. The NAS is a 
general term given to all steroids that affect the function 
of the nervous system.[2] These agents can be synthesized 
in the central nervous system (CNS), peripheral nervous 
system (PNS), and peripheral glands, such as the ovaries 
and adrenal glands.[2] Several reviews have shown that 
CNS and PNS are able to produce neurosteroids, and 
they are also targets for NAS.[2-6]

Estrogen and progesterone are ovarian hormones 
involved in neuroendocrine control of reproduction.[7] 
They are also involved in the physiological regulation 
of neural functions: neurogenesis, neuronal survival, 
neuronal differentiation, synaptogenesis, glial 
differentiation, myelin formation, synaptic function, 
and synaptic plasticity. In the presence of pathological 
conditions, they exert neuroprotective actions, 
promoting neuronal survival and remyelination and 
decreasing neuroinflammation.[3]

Electrophysiological studies are the main 
procedures that are used to evaluate peripheral 
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nerve functions. However, the effects of estrogen and 
progesterone on NCS during an ovarian cycle have 
not been clearly known, yet. In the present study, 
we aimed to investigate the effects of estrogen and 
progesterone on electrophysiological parameters, such 
as peripheral NCS and late responses (LRs) within the 
early follicular phase (EFP), late follicular phase (LFP), 
and midluteal phase (MLP) of the ovarian cycle.

PATIENTS AND METHODS

This single-center, prospective clinical study was 
conducted at Başkent University Faculty of Medicine, 
Department of Physical Medicine and Rehabilitation, 
Electroneuromyography Unit between April 2008 
and July 2008. A total of 40 healthy volunteer women 
(mean age: 24.1±5.1 years; range 21 to 43 years) with 
regular menstrual cycles were included in the study. 
All participants had regularly menstruated for at 
least for one year, without any hormonal disease 
and without taking any medication that could lead 
to hormonal dysregulation. The duration of the 
menstrual cycle was 28 days. Exclusion criteria were 
as follows: having a history of disease or medication 
affecting the ovarian cycle (e.g., polycystic ovary 
syndrome, thyroid disease, oral contraceptive, or 
non-steroidal anti-inf lammatory drugs), and clinical 
conditions resulting in peripheral neuropathy 
(e.g., vitamin B12 deficiency, steroid usage, or 
diabetes). The study f low chart is shown in Figure 1. 
A written informed consent was obtained from each 
participant. The study protocol was approved by 
the Başkent University Faculty of Medicine Clinical 
Research Ethics Committee (No: KA08/30). The study 
was conducted in accordance with the principles of 
the Declaration of Helsinki.

Electrophysiological studies

Electrophysiological studies were conducted in 
accordance with the protocol recommended by the 
American Association of Electrodiagnostic Medicine 
(AAEM) using the Medelec® Synergy Multimedia 
EMG/EP (Oxford Instruments, Surrey, UK) by a single 
physician who was blinded to the ovarian cycle phase 
of the participants.[8-14]

In an average cycle lasting for 28 days, the studies 
were performed on Days 3, 13, and 23 of the cycle. 
Data on baseline body temperatures were obtained 
daily, followed by the participants confirming that 
they were ovulating and in the luteal phase (LP). The 
first electrophysiological study was done in the EFP, 
when the estrogen and progesterone levels were low. 
The second study was done in the LFP approximately 

24 to 48 h before ovulation with the highest estrogen 
and low progesterone levels of the cycle. The third 
study was done 10 days after the second study and five 
days before the expected menstruation in the MLP, 
when the progesterone levels were the highest and the 
estrogen levels were moderately lower than the other 
phases.

The electrophysiological studies consisted of 
median, ulnar, tibial, and peroneal nerve motor 
conduction studies (MCSs), median, ulnar, radial, and 
sural nerve sensory conduction studies (SCSs) and 
LRs.[1,8-14] Compound muscle action potential (CMAP) 
amplitudes, sensorial nerve action potential (SNAP) 
amplitudes, motor and sensorial nerve conduction 
velocities, distal motor and distal sensory latencies, 
and LR (F latency of the motor nerve, H reflex of the 
soleus muscle) were recorded at the dominant side of 
the body.[1,8-14]

Electrophysiological studies were performed early 
in the morning by controlling the skin temperature 
(32 to 34°C) at a standard room temperature. All the 
electrophysiological studies were conducted using the 
same device and by the same practitioner blinded to 
the phase of the ovarian cycle of each participant.

Statistical analysis

Statistical analysis was performed using the 
SPSS for Windows version 15.0 software (SPSS Inc., 
Chicago, IL, USA). Descriptive data were presented in 
mean ± standard deviation (SD), median (min-max) 
or number and frequency, where applicable. The 
normality of the data was checked using the Shapiro-
Wilk test. For repetitive measures, the presence 
of a statistically significant difference between the 
measurements was analyzed using variance analysis 
of repeated measures. The Bonferroni correction for 
multiple comparisons test was used to identify which 
measurement caused the difference. A p value of 
<0.05 was considered statistically significant.

Eligible for enrollment (n=40)

Excluded
•	 Technical faults
•	 Intolerant to electrical 

stimulus
•	 No response recorded

Enrolled and analyzed
Median motor (n=37) Median sensorial (n=37) H reflex (n=35)
Ulnar motor (n=36) Ulnar sensorial (n=31)
Peroneal motor (n=37) Radial sensorial (n=34)
Tibial motor (n=37) Peroneal sensorial (n=32)

Figure 1. Study flow chart.
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RESULTS

Baseline demographic characteristics of the 
participants are summarized in Table 1. Incomplete 
data due to anatomic variations, technical faults, and 
pain-related unavailable responses were excluded in 
all three phases. The remaining data were statistically 
analyzed. The phases and hormonal status of an 
ovarian cycle are shown in Figure 2.

The motor and sensory NCS results for each 
ovarian phase are summarized in Table 2 and Table 3, 
respectively. A significant difference in the median 
nerve MCV was found between the three phases of 
the ovarian cycle (p=0.033) (Table 2). After adjusting 
for multiple comparisons (Bonferroni), significant 
differences were found between the EFP and LFP 
(p=0.004); however, no significant difference was 
observed between the EFP and MLP (p=1.000) and 
between LFP and MLP (p=0.239).

There were no significant differences in the MCV 
of the ulnar, tibial, and peroneal nerves (Table 2) and 
the SCV of the median, ulnar, radial, peroneal, and 
sural nerves (Table 3). Moreover, no amplitude and 
latency changes were observed (Table 4).

TABLE 1
Demographic data of participants

Mean±SD

Age (year) 29.1±5.1

Height (cm) 161±10.9

Body weight (kg) 61.9±10.9

Body mass index (kg/m2) 23.5±4.5
SD: Standard deviation.

Figure 2. Hormonal status of an ovarian cycle.
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DISCUSSION

Many electrophysiological studies have 
investigated the effects of steroidal hormones on 
the physiology of the central and peripheral nerves. 
The electrophysiological parameters that are most 
often studied during the normal hormonal cycle 
in healthy women are latency changes of the visual 
evoked potentials (VEPs) and the brainstem auditory 
evoked potentials (BAEPs). These potentials provide 
information about the peripheral and central 
components of the nervous system. To the best of our 
knowledge, no previous study in the literature has 
investigated the hormonal effects of the ovarian cycle 
on peripheral nerve conduction so far. In our study, 
nerve conduction was recorded in normal healthy 
women with regular menstrual cycles. We found that 
median motor NCV was affected during EFP, when 
both the estrogen and progesterone levels were low.

In a study including 10 participants conducted by 
Soares et al.,[15] a decrease in the conduction velocity 
during menstruation and immediately after ovulation 
was reported; however, these results did not reach 
statistical significance. In addition, this study did 
not perform routine NCS, but only recorded surface 
electromyographic signals from the biceps brachii 
muscle. In our study, on the contrary, we performed 
routine upper and lower extremity NCSs.

In various studies, changes in VEP latency and 
amplitudes were seen in different phases of the ovarian 
cycle.[16-18] Azarmina et al.[19] reported a prolongation 
of VEP latency in the LP. They interpreted their result 
as the neuroinhibitory effect of progesterone on optic 
nerve conduction. In another study, Yılmaz et al.[20] 
recorded shorter latencies during the ovulatory phase. 
They noted that their results were due to the effect 
of estrogen on the neural transmission of the visual 
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TABLE 4
Electrophysiological findings in late responses of studies 

of participants
EFP LFP MLP

Mean±SD Mean±SD Mean±SD p

Median F-min (ms) 23.2±1.2 23.4±1.6 23.5±1.3 0.20

Ulnar F-min (ms) 24.5±6.1 23.4±1.4 23.3±1.3 0.28

Peroneal F-min (ms) 42.8±3.0 44.3±3.4 42.7±2.7 0.66

Tibial F-min (ms)        43.8±3.3 44.3±3.4 43.7±3.2 0.70

H reflex (ms) 23.3±9.1 24.0±8.0 23.5±9.9 0.26
EFP: Early follicular phase; LFP: Late follicular phase; MLP: Mid luteal phase; 
SD: Standard deviation; p<0.05 is statistically significant.
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pathways. In these studies, the results are explained 
by the neuroinhibitory effects of progesterone or the 
neuroexcitatory effects of estrogen. In the literature, 
BAEP studies have reported alterations in the LP.[21,22] 
Elkind-Hirsch et al.[23] showed that the BAEP changes 
were due to the elongation in the transmission time 
caused by estrogen and the antagonizing effect of 
progesterone. Batta et al.[24] concluded that, in the 
secretory phase, the thermogenic effects of progesterone 
led to an increase in neural conduction. The diverse 
results reported in VEP and BAEP studies may be due 
to differences in the NAS effects in various parts of 
the CNS. Unlike these studies, the latency differences 
were not observed in our study. This difference may 
be related to differences in the NAS levels in the CNS 
and PNS. Moreover, the effects of NAS may differ 
depending on the type of nervous system tissue.

In our study, for the first time in the literature, 
peripheral NCV was studied in the dominant upper 
and lower extremities during three phases of the 
ovarian cycle in women with regular menstrual 
cycles. We found that the median motor NCV was 
significantly different between the EFP and LFP. 
Both estrogen and progesterone were in their baseline 
levels in EFP. Thus, the increment of median motor 
NCV in EFP cannot be explained by myelinization, 
neuroexcitatory, or neuroprotective effects of estrogen 
and progesterone. One of the possible explanations for 
the differences in the velocity between EFP and LFP 
is the neuroinhibitory effect of the increasing levels of 
estrogen in LFP. Thereafter, a non-significant increase 
in NCV in MLP suggested that the progesterone had 
an antagonizing effect on the inhibitory effect of 
estrogen,  similar to what was reported in the study 
by Elkind-Hirsch et al.[23] The aldosterone affinity 
to G protein-coupled estrogen receptor 1 (GPER) 
and the interaction between steroid hormones and 
mineralocorticoid receptors (MRs) are the other 
mechanisms that may explain the NCV differences 
between EFP and LFP.[25-29] The MR retains significant 
similarities to progesterone receptor (PR).[26] 
Progesterone is a competitive MR antagonist.[27] In the 
LP, the inhibition of MR by progesterone doubles the 
aldosterone levels.[27] This may explain the complaints 
that many women suffer from body edema during the 
LP stage of their ovarian cycle; edema is alleviated at 
the end of the LP due hormonal withdrawal.[30,31] In the 
follicular phase (FP) and LP, increasing estrogen and 
progesterone levels may lead to water and salt retention 
by MR and a f luid shift from the intravascular space 
to the extracellular space.[7,30] Edema and pressure 
around the median nerve may result in a decrease 

in the median MCV.[32] At the end of LP, there is a 
sudden drop in the estrogen and progesterone levels. 
Subsequently, menstrual diuresis occurs in the EFP.[30] 
The mineralocorticoid effects of ovarian steroids and 
related edema and pressure resolve which may explain 
the increase in the median MCV in EFP.

Based on our findings, only the median nerve 
MCV was affected. The difference in the median 
nerve NCS may depend on the narrow structure of 
the carpal tunnel in women.[33] Furthermore, there 
is a tendency for the median nerve to be entrapped 
in the carpal tunnel in women.[34] All these factors 
(narrow structure, tendency toward entrapment, 
mineralocorticoid effects of hormones) may be related 
to the effect on the median motor NCS. No differences 
were observed in the other peripheral NCS, including 
median nerve sensory responses. This could be an 
incidental finding. On the other hand, a probable 
sensitivity of the median nerve recurrent motor fibers 
to hormonal effects should be considered.

The present study has certain limitations. First, 
it has a small number of participants. However, 
our findings can be supported by the results of 
future large scale studies. Another limitation is 
the lack of confirmation of the phases with blood 
samples; the samples were unable to be obtained 
due to economic issues. Even so, we attempted 
to confirm three phases of the ovarian cycle by 
including women with regular menstrual cycles and 
by requesting that the participants to check their 
baseline body temperature daily to establish their 
ovulation time. Also, a group of young women in 
surgically-induced menopause could be added to 
study as a control group. Finally, room temperature 
and technical factors such as stimulus artifact, 
electrode placement for motor studies, distance 
between recording electrodes and nerve, distance 
between active and reference recording electrodes, 
limb position and distance measurements can 
affect nerve conduction, although we attempted to 
minimize all of these factors.

In conclusion, although it is well known 
that physiological factors have an effect on 
electrophysiological studies, the exact effects of ovarian 
hormones on NCV are still unclear. In our study, 
we found that faster median motor NCV in the EFP. 
This result can be interpreted as a more selectively 
affected recurrent motor branch of median nerve by 
estrogen and progesterone or as an incidental finding. 
Nevertheless, further large-scale studies are needed to 
confirm the hormonal status of each cycle phase using 
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imaging methods such as ultrasonography or magnetic 
resonance imaging.
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