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Menstrual Phase as Predictor of
Outcome After Mild Traumatic Brain

Injury in Women

Kathryn Wunderle, BA; Kathleen M. Hoeger, MD, MPH; Erin Wasserman, BA;
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Objective: To determine whether menstrual cycle phase in women at the time of mild traumatic brain injury (mTBI)
predicts 1-month outcomes. Setting: Six emergency departments; 5 in Upstate New York, and 1 in Pennsylvania.
Participants: One hundred forty-four female participants (age, 16-60) who presented to participating emergency
departments within 4 hours of mTBI. Design: Nested cohort study with neurologic and quality-of-life outcome
assessment, 1 month after enrollment. Female subjects aged 16 to 60 enrolled in the parent cohort study, with 1-
month neurological determination data available, were classified into menstrual cycle groups by serum progesterone
concentration and self-reported contraceptive use. Main Measures: Rivermead Post Concussion Questionnaire and
EuroQoL/EQS5D. Results: Women injured during the luteal phase of their menstrual cycle, when progesterone con-
centration is high, had significantly lower EuroQoL General Health Ratings and Index Scores than women injured
during the follicular phase of their cycle or women taking oral contraceptives. Multivariate analysis confirmed a sig-
nificant independent effect of menstrual cycle phase on EuroQoL Index Score and the Rivermead Post Concussion
Questionnaire Somatic Subscore. Conclusion: Menstrual cycle phase and progesterone concentration at the time
of mTBI affect 1-month quality-of-life and neurologic outcomes. This association has important implications for
treatment and prognosis after mTBI. Key words: brain concussion, brain injuries, follicular phase, luteal phase, menstrual
cycle, postconcussion syndrome, progesterone, quality of life

RAUMATIC BRAIN INJURY (TBI) can have
long-lasting effects on patients’ cognition and
functioning. The impact of TBI is not limited to the
severely injured; even patients with mild traumatic brain
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injury (mTBI) report long-term sequelae, such as mem-
ory and concentration problems.! Although recent pop-
ular press has primarily focused on mTBI in male profes-
sional athletes and veterans, studies suggest that women
have a higher incidence of mTBI than men playing
sports with similar rules, such as ice hockey, soccer, or
basketball.?-3 Although it is unclear whether this appar-
ent increased risk represents reporting bias or a physio-
logic difference, additional research suggests that women
have worse outcomes than men following mTBI. Try-
ing to understand what causes these gender differences
in outcomes could help to inform prognosis and treat-
ment after injury.

Gender-based differences in TBI outcome have
long been recognized but incompletely understood.
Experimentally-induced TBI in rodent models has re-
vealed that females experience less cerebral edema,
better cerebral blood flow, and overall survival than
males.*> However, studies in humans have found the
opposite. After mTBI, women have higher postcon-
cussive symptom scores,®” greater cognitive decline,?
and poorer reaction time compared to baseline’ then
do men. A meta-analysis of 8 studies of gender differ-
ences in outcomes after TBI of all severities showed that
women experienced worse outcomes in 17 out of 20
variables measured.!® These variables included death,
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length of hospitalization, headache, depression, and re-
turn to work. Other studies have found better post-TBI
outcomes for women than men, but among premenar-
che or postmenopausal women. 12

These findings suggest sex hormones, such as estrogen
and progesterone, mediate outcome after TBI. Because
women of childbearing age have the worst outcomes
following TBI and possess the highest concentration
of these hormones, it would not be unreasonable to
speculate that an increase in estrogen and progesterone
would be associated with poor outcome following TBI.
However, 2 phase II clinical trials using progesterone to
treat TBI have shown improved outcome in those re-
ceiving progesterone, although results were not broken
down by gender.!3!* If progesterone is indeed neu-
roprotective, it becomes more difficult to explain the
poorer outcomes observed among women during a life
phase of high progesterone and estrogen levels. Studies
on changes in sex hormone levels following TBI may
hold an explanation. A study by Ripley et al revealed
that women frequently miss menstrual periods or expe-
rience total amenorrhea after TBI, suggesting postinjury
deficits in sex hormones.!> Other studies have more
definitively shown that the hypothalamic-pituitary-
gonadal axis becomes suppressed after TBI, ultimately
decreasing luteinizing hormone, follicle-stimulating
hormone, testosterone, progesterone, and estrogen
concentrations.!® Therefore, although sex hormones
and progesterone in particular, may be protective, their
sudden withdrawal after injury may be the key factor
contributing to worse outcomes in women. Because
males have low preinjury levels of these hormones,
they are ostensibly less affected by TBI-related suppres-
sion of the hypothalamic-pituitary-gonadal axis. This
withdrawal hypothesis could therefore simultaneously
explain why women generally have worse outcomes
than men, and why administration of exogenous
progesterone may be protective.

LH

Estrogen ..

One way of considering this hypothesis is to relate
post-TBI outcomes to the menstrual cycle phase dur-
ing which the injury occurs. Progesterone concentration
varies predictably during the menstrual cycle, with the
highest concentration during the luteal phase (LP), and
the lowest concentration during the follicular phase (FP)
(see Figure 1). In addition, many women now take hor-
monal forms of birth control, which provide constant
high levels of synthetic progestins.

We hypothesized that women who experience
mTBI during the LP of their menstrual cycles, when
progesterone is high, will have worse outcomes than
women injured during the FP of their menstrual cycles,
when progesterone is low. Furthermore, we expected
women taking birth control that contained synthetic
progestins to have similar outcomes to those injured in
the FP of their menstrual cycle. To test this hypothesis,
we sought to determine the relationship of menstrual
cycle phase, confirmed by progesterone concentration,
at the time of mTBI to neurologic and quality-of-life
(QoL) outcomes 1-month postinjury in women.

METHODS
Design and setting

We conducted a nested cohort study of women with
mTBI presenting to emergency departments within 4
hours of injury. The parent study was a prospective,
multicenter, cohort study exploring the accuracy of a
serum marker, S100B, for identifying traumatic abnor-
malities on head computed tomography (CT) scan after
mTBI. Participants were enrolled in the parent study at
5 hospitals in Upstate New York and 1 hospital in Penn-
sylvania between 2008 and 2010. Subjects were eligible
for inclusion in the parent study if they were 1 year
of age and older, had mTBI as defined by the Centers
for Disease Control and Prevention’s National Center
for Injury Prevention and Control (a blow to the head

Progesterone
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Figure 1. Progesterone changes across menstrual cycle. Progesterone levels are very low during the follicular phase, but begin to
rise just prior to ovulation. Levels peak and then fall during the luteal phase.
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or rapid acceleration/deceleration resulting in at least
1 of the following: a loss of consciousness <30 min-
utes, posttraumatic amnesia <24 hours, neuropsycho-
logical abnormality [any transient period of confusion,
disorientation, or impaired consciousness; in children
<2 years old: irritability, lethargy, or vomiting postin-
jury], or neurological abnormality [seizure acutely fol-
lowing injury, hemiplegia, or diplopia]).!” Additional
inclusion criteria included arrival to the emergency de-
partment within 4 hours of injury, and performance of
head CT scanning as part of their clinical care.
Participating subjects were interviewed in the emer-
gency department for information regarding their
injury (mechanism; time of injury; initial symptoms
such as loss of consciousness, amnesia, and headache),
demographics (age, gender, race, ethnicity, income
level, weight) and medical history (including prior
head injury, medications, and last menstrual period).
The emergency provider was also interviewed, and the
emergency chart was reviewed to determine associated
injuries and Glasgow Coma Scale score. Subjects had
blood drawn within 6 hours of injury. The blood was
centrifuged, and the resulting serum was stored at
—70°C within 1 hour of collection. In addition, head
CT results were obtained, and, in subjects older than 16
years, 1-month outcome was assessed by phone using
the Rivermead Post Concussion Questionnaire (RPCQ)
and EuroQol/EQ5D (described in the text hereafter).

Participants

Subjects were selected from the parent study into this
nested cohort if they were female, between the ages of
16 and 60, and had neurologic outcome determination
1 month after injury. Because serum progesterone was
used to confirm menstrual cycle phase, only subjects
who had provided serum were included. In addition,
subjects who were postmenopausal were excluded. Post-
menopausal status was confirmed by follicle-stimulating
hormone concentration more than 15 mIU/mL in all
subjects who were older than 45 years, and in subjects
who reported a hysterectomy, or reported being post-
menopausal.

Menstrual cycle phase at the time of injury

Serum progesterone level was used to determine the
menstrual cycle phase at the time of injury. Menstrual
cycle phase was defined in the following manner: FP:
serum progesterone concentration 2 ng/mL or less;
and LP: serum progesterone concentration more than
2 ng/mL. A cutoff of 2 ng/mL was chosen as proges-
terone usually rises to over 1.5 ng/mL at ovulation and is
higher throughout the LP.!® Progesterone concentration
was not measured in those reporting synthetic progestin
use, such as any oral contraceptive, Mirena IUD (Bayer;

Wayne, New Jersey), Depo Provera (Pfizer, New York),
or levonorgestral implants. On the basis of the results,
subjects were divided into 3 groups: synthetic progestin
(SP) group, FP group, and LP group.

One-month neurologic and QoL outcome
determination

The primary outcome of interest was postconcussion
symptoms 1 month after injury. These were determined
by the RPCQ. The RPCQ is a 16-question validated
self-report measure that assesses postconcussive symp-
toms on a 4-point Likert scale ranging from absent (0)
to severe (4).1° Thus, the total scores range from 0 to 64.
RPCQ scores were also categorized into 3 individual do-
mains, as described by previous factor analysis: somatic,
cognitive, and emotional.20

Secondary outcomes included QoL at 1 month, as
determined by the EuroQol/EQ5D. This is a standard-
ized instrument used as a measure of health outcome.
Applicable to a wide range of health conditions and
treatments, it provides a simple descriptive profile and a
single index value for health status. The total score com-
prises items representing 5 domains of health: mobil-
ity, self-care, usual activity, pain, and emotional health.
Each of the 5 domains is categorized into 3 severity lev-
els: “no problems,” “moderate problems,” and “extreme
problems.” Values for health states are based on time
trade-off responses taken from a sample of the US pop-
ulation, which form an EuroQoL Index Score.?! Euro-
QoL/EQ5D is designed for self-completion by respon-
dents, but can also be administered in a face-to-face
interview, a telephone interview, or through a proxy. In
this study, the measure was administered by telephone.
In addition to questions in the 5 domains, patients are
asked to rate their general health on a scale from 0 to
100, with 100 being best health imaginable and 0 be-
ing worst. The EuroQoL Index Score and the General
Health Rating were used as 2 separate outcomes in the
current analysis.

Covariates

Several factors other than menstrual cycle phase at
the time of injury can influence outcome after mTBL
These include age, race, history of concussions, mecha-
nism of injury dichotomized as “severe” (motor vehicle
accident with ejection or pedestrian struck by vehicle)
or “not severe” (all other mechanisms), the presence of
traumatic abnormality on CT scan (defined as subdu-
ral, subarachnoid, or epidural hemorrhage; contusion;
edema; or skull fracture), and the presence of any other
extra-cranial injuries. These were all considered as pos-
sible covariates in determining the independent effect
of estrous cycle phase on post-mTBI outcome. Race,
concussion history, and presence of other injuries were
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all associated with at least 1 outcome at a level where
P < .2 and were included in all models. Although the
menstrual cycle phase groups were different with regard
to age and CT scan result, these variables were not asso-
ciated with any of the outcomes and were therefore not
included in the multivariable models.

Statistical analyses

None of the variables were normally distributed, so
difference in mean RPCQ, cognitive, somatic, and emo-
tional RPCQ _subscores, EuroQoL Index Score, and
EuroQoL General Health Ratings were compared
among the SP, FP, and LP groups using the Kruskal-
Wallis test. If the Kruskal-Wallis tests were significant,
the Dunn post-hoc test was used to compare values be-
tween each of the group pairs.

For outcomes associated with menstrual cycle phase
in the 1-way analysis of variances or Kruskal-Wallis test
at P < .2, a multivariable regressions was performed to
adjust for potential confounders. Because of the skewed
nature of the scores on the scales, scores were grouped
into tertiles, and ordinal logistic regression was used to
control for covariates that were associated with the any
of the outcomes at P < .2. The FP group was used
as the reference group for all analyses because of its
larger sample size. For all models, the proportional odds
assumption was checked using the likelihood ratio test.

All significance tests were 2-sided, and P < .05 values
were considered significant. Analyses were performed us-
ing Statistical Analysis Software (SAS), version 9.2 (SAS
Institute Inc., Cary, NC), and GraphPad Prism, version
5 (GraphPad Software Inc., La Jolla, CA).

RESULTS

Of the 787 patients with mTBI in the parent study,
189 (24%) were females between the age of 16 and 60
with complete 1-month neurologic outcome data. Sixty-
one patients were excluded because of lack of 1-month
outcome data. Compared with included patients, there
was no significant difference in the proportion of these
excluded patients in the LP (19.7% vs 30.6%, P = .12) or
in the FP (29.5% vs 36.1%, P = .42), based on self-report
of last menstrual period date. Forty-five patients were
excluded as postmenopausal by follicle-stimulating hor-
mone analysis (see Figure 2). Of the resulting 144, 35 fell
into the SP group based on self-reported synthetic pro-
gestin use. On the basis of progesterone concentration,
37 fell into the LP group and 72 in the FP group. Group
characteristics are shown in Table 1. The subjects in the
SP group were younger than those in the other group,
were less likely to have a positive CT scan, and were more
likely to be non-Hispanic white than those in the other
groups.

Neurologic outcomes varied in the 3 estrous cycle
groups. The EuroQoL Index Score was significantly
different among groups (P = .0106), with the SP group
having the highest score (0.8663) and the LP group hav-
ing the lowest score (0.7403). The Dunn test indicated
that this difference between the SP and LP groups was
significant (P < .05). The differences between the other
pairs were not significant. The difference in EuroQoL
General Health Rating was also significant (P = .0357)
with the SP group again having the highest score (77.14)
and the LP group again having the lowest score (65.14).
Again, the Dunn test indicated that the difference be-
tween the SP and LP groups was significant (P < .05),
while the difference between the other pairs were not
significant. In terms of the RPCQ results, the LP group
was the most symptomatic of the 3 groups, but across
all measures, none of these differences were statistically
significant.

The independent effect of estrous cycle phase on out-
come is shown in Table 2. Phase of menstrual cycle was
significantly associated with EuroQoL Score and the
somatic component of the RPCQ. For all outcomes,
subjects in the LP had approximately twice the odds of
scoring in a worse tertile on the outcome scales than
subjects in the FP. There was no clear difference in out-
come between the subjects on synthetic progestin and
subjects in the FP.

DISCUSSION

Although several studies have shown differences in
outcome after mTBI between men and women, few
studies have explored why such differences occur. One
theory, here, referred to as the “withdrawal hypothesis,”
postulates that TBI occurring in the setting of high pro-
gesterone (which is neuroprotective) results in a sudden
progesterone decrease and worse outcomes compared
with TBI occurring in the setting of low progesterone.
Women therefore experience worse outcomes than men
because men have a consistently low concentration of
progesterone. The results of our study support this hy-
pothesis, as women in the LP of the menstrual cycle,
in which progesterone is highest, had worse postcon-
cussion symptoms and QoL 1 month after injury than
women in the FP of menstrual cycle, in which proges-
terone is initially low and can therefore not decrease
significantly. Similarly, women who were taking syn-
thetic progestin as birth control when they experienced
mTBI, and therefore had high levels of progestin during
and after the injury, had QoL scores 1 month after the
injury that were no different than those of women who
were in the FP of their menstrual cycle.

Our results are novel but must be considered prelim-
inary. Few prior studies have been done to explore the
relationship between estrous cycle phase and post-TBI
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Parent study
mTBI subjects
n=787
Men
n=
Y
Women
n= 286
No follow-up
" n=61
Have follow-up
n=235
Age <16, >60
" n=36
Age 16—60
n=189
Synthetic Reported No reported
progestin synthetic synthetic
group progestin use progestin use
n=35 n=35 n=154
Age, 45—60
Age,16—45 OR hysterectomy
No hysterectomy OR reported
menstruating postmenopausal
n=89 n =65
FSH >15miU/mL
FSH
e
n =45
r
Luteal phase Progesterone FSH < 15miu/
group P':’;:;:[" < concentration [ mL
n=37 n=109 n=20
olc ugl:;:: s Progesterone
nE72 <2 ng/mL

Figure 2. Flowchart of patients included in study. Of the 787

mTBI patients in the parent study, 189 were females between

the ages of 16 and 60, and 45 were excluded as postmenopausal by FSH analysis. Of the remaining 144 patients, 35 reported
synthetic progestin use. On the basis of measured serum progesterone concentration, 37 subjects fell into the luteal phase group
and 72 in the follicular phase group. FSH, follicle-stimulating hormone; mTBI, mild traumatic brain injury.

outcome. Estrous cycle phase was not shown to pre-
dict outcomes in rat cortical impact models,” and a
decrease in progesterone concentration following severe
TBI did not predict mortality.?> We could find no prior

WLCINRE Group characteristics

reports investigating whether sex hormones, as measured
by progesterone concentration or menstrual cycle phase,
are associated with outcome after mTBI in humans. In
addition, we were unable to find any reports exploring

LP FP SP

n=37 n=172 n=35
Age, mean (SD) 30.6 (10.17) 32 6 (11.11) 26.5 (9.28)
Race: non-Hispanic white, n (%) 24 (64.9) 2 (58.3) 33(94.3)
GCS, mean (SD) 14.9 (0.35) 14 9 (0.40) 15 (0.0)
Previous concussion, n (%) 8(21.6) 1(29.2) 10 (28.6)
Other injuries, n (%) 13 (35.1) 24 (33.3) 2 (34.3)
Injury on CT scan, n (%) 1(2.7) 2 (2.8) 0 (0.0)

Abbreviations: LP, luteal phase; FP, follicular phase; SP, synthetic progestin, SD, standard deviation; GCS, Glasgow Coma Scale; CT,

computed tomography.
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injury severity because these were not associated with
the outcomes.

The differences seen in this study may have also been
a result of symptom changes throughout the menstrual
cycle, independent of any mTBI. Previous studies have
indicated that women may be more susceptible to injury
during the premenstrual phase of the menstrual cycle,
which corresponds to the LP, than during the postmen-
strual phases.?* This difference in propensity to injury
might be partially explained by physiological changes,
such as a proposed increase in anterior cruciate ligament
laxity during the LP leading to increased likelihood of
ligament injury,?® or it could be explained by an in-
crease in somatic symptoms. If the latter explanation
is correct, then patients in certain phases of their men-
strual cycle may report more symptoms than patients
in other phases.?® In this study, women in the LP at
injury were likely to again be in the LP 30 days later
at follow-up, so the difference in outcomes may have
been a result of predictable differences in self-reported
symptoms throughout the menstrual cycle, regardless of
overall recovery. However, Mihalik et al?” specifically
explored whether women vary throughout their men-
strual cycle on measures of neurocognition, balance,
and postconcussive symptoms. They found that there
was no variation in these more concussion-specific out-
comes throughout the menstrual cycle, although women
taking oral contraceptives tended to report fewer symp-
toms overall than those not taking oral contraceptives.
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