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Insomnia related to nighttime awakenings is known to be more 
prevalent in women than men. Three cases are presented here 
of late premenopausal women experiencing frequent nighttime 
awakenings that responded well to bedtime treatment with ga-
bapentin. In one case, what started as isolated nighttime awak-
enings slowly progressed to awakenings accompanied by typi-
cal menopausal night sweats. This led to the theory that the 
initial isolated nighttime awakenings in this patient may have 
been secondary to a menopausal etiology related to low se-
rum estradiol levels. In the subsequent 2 cases, early follicular 
phase serum estradiol was confi rmed to be low. It is theorized 

that isolated nighttime awakenings in some premenopausal 
women may be caused by low serum estradiol, triggering 
events physiologically related to menopausal night sweats. 
Further research is needed to determine if low early follicular 
phase serum estradiol is associated with nighttime awaken-
ings in premenopausal women not experiencing night sweats.
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Menopausal night sweats, which are hot fl ashes that occur 
at night, are common in postmenopausal women and 

are signifi cantly more bothersome to women than daytime 
hot fl ashes,1 most likely because of the associated interfer-
ence with sleep.2 Many women with night sweats will report 
that they fi rst awaken and then, about 10-30 seconds later, ex-
perience the feeling of internal heat and observable sweating 
(personal observations). Daytime hot fl ashes are frequently 
preceded by an aura of a “sense of anxiety” and sometimes by 
a “change in heart rate” just prior to the feeling of internal heat 
and observable sweating.3

It is known that with each clinical hot fl ash, there is a predict-
able increase in several serum hormones, the largest of which 
is in serum adrenocorticotropic hormone (ACTH), which rises 
to about 120% above baseline levels.4 This sympathetic surge 
could account for the aura-associated symptoms preceding a 
daytime hot fl ash and for the nighttime awakening preceding 
a night sweat. Although the auras and awakenings are typically 
linked to hot fl ashes and night sweats, respectively, the follow-
ing 3 cases suggest that nighttime awakenings may occur in 
isolation and years before the night sweats classically associ-
ated with menopause.

Case 1

In 9/2006, a 48-year-old white female having regular month-
ly menses presented with a chief complaint of frequent night-
time awakenings for the previous 3 years. The patient reported 
having sudden awakenings from deep sleep, “as if I have been 
shocked awake,” followed by great diffi culty returning to sleep. 
These unexplained awakenings occurred 2-3 times a night ≥ 3 
nights a week. The sleep disruption was causing excessive day-
time sleepiness, diffi culty concentrating at work, and irritabil-

ity. She had been taking oral contraception daily for about 12 
years. A 6-month trial of trazodone at bedtime and a 4-month 
trial of amitriptyline at bedtime were both ineffective.

Two years after the awakenings started, in 2005, the pa-
tient underwent a nocturnal polysomnogram that was normal 
(respiratory distress index: 3.6/h and occasional periodic limb 
movements).

In 7/2006, the patient began noticing that after some of her 
typical unexplained nighttime awakenings, she would feel hot 
and occasionally sweaty. Her serum follicle stimulating hor-
mone (FSH) and luteinizing hormone (LH) levels were found 
to be normal, at 3.0 and 1.1 mIU/mL, respectively, while she 
was still taking oral contraception. Under the presumption that 
the patient was now experiencing menopausal night sweats, 
her primary physician increased her dose of oral contraception. 
There was no improvement in her symptoms after 2 months. 
The patient was not interested in taking hormone replacement 
therapy. The patient denied symptoms of restless legs syndrome 

bRIeF sUmmaRY
Current Knowledge/study Rationale: It is known that women experi-
ence insomnia at signifi cantly higher rates than men and that this dis-
parity may be related to cycling hormones, however, the sleep-related 
physiology of this association is unknown. Three cases are presented 
here suggesting that insomnia due to nighttime awakenings in some 
cycling premenopausal women may be physiologically related to meno-
pausal night sweats and may also improve with bedtime gabapentin, a 
treatment known to be effective for hot fl ashes and night sweats.
study Impact: These cases may represent the fi rst description of a 
novel sleep disorder unique to women found to have low serum estra-
diol and nighttime awakenings. This proposed sleep disorder has been 
coined LUNAs and may help to explain the higher prevalence of insom-
nia in women.
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On 6/29/11—while still having regular monthly menses and 

still taking 900 mg of gabapentin qhs—serum FSH, LH, and 
estradiol on day 3 of her menstrual cycle were 13.7 mIU/mL, 
7.0 mIU/mL, and 32.2 pg/mL, respectively, and on day 14 were 
13.7 mIU/mL, 39.1 mIU/mL, and 665.3 pg/mL, respectively. 
Ovulation was likely occurring on day 14 in this patient, evi-
denced by the high LH and estradiol levels.

Case 3

A 46-year-old white female presented in 3/2011 with a chief 
complaint of nighttime awakenings, concentration problems, 
and daytime sleepiness and fatigue for the previous 6 years. 
The problem had progressed to the point that over the previous 
year she began needing to drink coffee throughout the day in 
order to stay awake at work. Almost every night she reported 
awakening around 02:30 for no apparent reason with great dif-
ficulty returning to sleep. These nighttime awakenings were not 
accompanied by feeling hot or sweaty. During daylight savings 
time, the awakenings would change by 1 hour for a few months 
and then return to 02:30. For 3 months prior to presentation, the 
patient noticed occasional spells of feeling very warm during 
the day without any flushing or sweating. The patient denied 
symptoms of RLS, PLMS, or snoring during sleep.

At 36 years of age, about 4 years prior to the nighttime 
awakenings, she experienced 2 weeks of severe hot flashes and 
night sweats after having an ovary removed for cysts causing 
abdominal pain.

The patient had regular monthly menses until 44 years of age, 
about 4 years after the nighttime awakenings started, when she 
developed heavy menstrual bleeding and had a 52 mg levonorg-
estrel intrauterine device (IUD) placed. The IUD did improve 
her heavy menses but did not affect her nighttime awakenings.

Since the nighttime awakenings had been slowly worsen-
ing since the age of 40 and the patient was starting to expe-
rience daytime spells consistent with mild hot flashes, the 
nighttime awakenings were suspected to be LUNAs. For this 
reason, gabapentin 300 mg qhs was initiated for 3 nights and 
then increased to 600 mg qhs for better effect. The nighttime 
awakenings fully resolved within 4 days except for occasional 
awakenings at 02:30, after which the patient was quickly able 
to return to sleep. After 2 weeks of gabapentin treatment the 
patient reported greatly improved daytime alertness, concentra-
tion, and energy and was able to stop drinking coffee at work. 
The patient denied any side effects from gabapentin.

After 8 weeks of gabapentin therapy, while still having regu-
lar monthly menses, serum FSH, LH, and estradiol on day 2 of 
her menstrual cycle were 6.3 mIU/mL, 5.1 mIU/mL, and 50 pg/
mL, respectively, and on day 14 were 4.7 mIU/mL, 4.8 mIU/
mL, and 150 pg/mL, respectively.

DIsCUssION

Although it is proposed that the insomnia occurring in these 
3 cases was caused by low serum estradiol levels triggering 
nighttime awakenings physiologically related to menopausal 
night sweats, in only 2 of these cases was estradiol assessed 
and shown to be low during the early follicular phase. It cer-
tainly is possible that the low serum estradiol in these 2 cases 

(RLS), periodic leg movements of sleep (PLMS), or snoring 
during sleep.

Gabapentin 300 mg at bedtime (qhs) was initiated in 9/2006, 
based on evidence of efficacy in the treatment of hot flashes 
and night sweats5-7 and improved sleep in such patients.8 The 
patient experienced benefit after the first dose of gabapentin, 
reporting a full night’s sleep without any awakenings or night 
sweats. This degree of efficacy persisted for about 2 weeks, at 
which time the isolated nighttime awakenings began to recur, 
sometimes accompanied by feeling hot and sweaty. The dose of 
gabapentin was increased to 600 mg qhs, which again resolved 
the symptoms. The patient also reported normalized daytime 
alertness, concentration, and mood. The side effect of early 
morning dizziness occurred infrequently and did not affect any 
activities of daily living. Attempts at discontinuing gabapentin 
resulted in recurring night sweats and awakenings.

Three months later, in 12/2006, oral contraception was dis-
continued. Regular monthly menses continued until 9/2007, 
when menses began occurring every other month until 4/2008 
when menses stopped. In 10/2008, serum FSH and LH were 
clearly in the postmenopausal ranges, at 114.0 and 51.7 mIU/
mL, respectively.

This case led to the hypothesis that nighttime awakenings in 
late premenopausal women may be caused by declining sys-
temic estradiol triggering isolated nighttime sympathetic surges 
without any subsequent night sweats. This hypothesized novel 
sleep disorder associated with low serum estradiol causing 
nighttime awakenings was coined LUNAs.

Case 2

A 42-year-old white female having regular monthly menses 
presented in 1/2010, complaining of 2 years of worsening night-
time awakenings, excessive daytime sleepiness, and irritability. 
The patient had experienced hot flashes and night sweats with 
her 2 pregnancies at 33 years and 38 years, which fully resolved 
postpartum. The patient denied any hot flashes or night sweats at 
the time of presentation. The patient reported that almost every 
night over the previous 2 years, she would have 2-5 nighttime 
awakenings occurring at predictable times and causing great dif-
ficulty returning to sleep. The patient also noticed that the awak-
enings were more frequent and severe for 1-2 days before her 
menses and the first 4-5 days of her menses every month. The pa-
tient denied symptoms of RLS or PLMS or snoring during sleep.

The nighttime awakenings were postulated to be LUNAs due 
to the patient’s age and the exacerbation of symptoms just be-
fore and during menses, the time of the menstrual cycle when 
serum estradiol is at its lowest.

Due to the favorable response of the patient in Case 1 to ga-
bapentin treatment, gabapentin 300 mg qhs was initiated. The 
patient reported near full resolution of the nighttime awakenings 
within 2 days. A side effect of early morning sedation was mild 
and resolved within 4 days. About 2 weeks later, the nighttime 
awakenings began to return and gabapentin was increased to 600 
mg qhs with good effect for about 6 weeks, when the dose again 
needed to be increased (to 900 mg qhs). The nighttime awak-
enings would recur when the patient forgot to take gabapentin. 
The daytime sleepiness and irritability reported before starting 
gabapentin resolved after about 3 weeks of gabapentin treatment.
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was simply coincidental and not causally related to the occur-
rence of the nighttime awakenings. In addition, gabapentin’s 
positive effects on nighttime awakenings reported in these 3 
cases may have been due to its known general sleep-enhancing 
actions9 and not to a specific effect on the nighttime awakenings 
theorized here to have been caused by low serum estradiol and 
coined LUNAs.

On the other hand, these cases, summarized in Table 1, may be 
the first report of a novel sleep disorder unique to women. A large 
meta-analysis showed insomnia to be more common in females 
than males, and for the disparity to increase with increasing age.10 
Also, premenopausal women with irregular menstrual cycles, 
which often signal declining estradiol levels, are twice as likely to 
report insomnia symptoms such as nighttime awakenings as those 
with regular menstrual cycles.11 These findings support an associ-
ation between declining serum estradiol and insomnia in women.

The 3 cases reported here also support this association. None 
of the women noted nighttime awakenings until after 40 years 
of age, a time when estradiol levels in some women may be 
declining. The patient in Case 2 noticed clear worsening of her 
nighttime awakenings during the days of her menstrual cycle 
when serum estradiol was at its nadir. Indeed, Cases 2 and 3 
were both found to have low serum estradiol on day 3 (32.2 
pg/mL) and day 2 (50 pg/mL), respectively, of their menstrual 
cycles. In contrast, a normal day 2-7 serum estradiol in pre-
menopausal women over 40 years of age is 73-78 pg/mL,12,13 
while postmenopausal levels are < 20 pg/mL.

Although serum estradiol was not assessed in Case 1, what 
began as isolated nighttime awakenings at 45 years of age slow-
ly morphed into awakenings occasionally followed by night 
sweats at 48 years, implicating a similar physiological process 
underlying these conditions. Finally, all 3 patients’ nighttime 
awakenings resolved with a single bedtime dose of gabapentin, 
a therapy known to be an effective treatment for hot flashes and 
night sweats.5-7 The fact that the nighttime awakenings in Case 
1 failed to respond to oral contraception drugs (OCDs) may 
have been due to the much lower estrogen dose found in OCDs 
(about 0.05 mg) than in hormone replacement therapy (about 
0.60 mg), which is the only FDA-approved therapy for meno-
pausal hot flashes and night sweats.

In summary, the proposed LUNAs are hypothesized to be 
physiologically related to night sweats and to occur in women 
several years before menopausal symptoms would typically 
be expected to occur. Further research is needed in premeno-
pausal women with isolated nighttime awakenings to determine 
if early follicular phase serum estradiol levels are significantly 
decreased compared to age-matched control women without 
nighttime awakenings and to exclude other contributing condi-
tions such as sleep apnea or PLMS.

table 1—Summary of 3 cases

patient age at onset of 
nighttime awakenings

History of hot 
flashes or night 

sweats?

Low early follicular 
phase serum 

estradiol?

subjective improvement 
of nighttime awakenings 

with gabapentin qhs?
Final qhs 

gabapentin dose

transient 
gabapentin side 

effects
45yo (Case 1) yes ? yes 600 mg Dizziness
40yo (Case 2) yes yes (32.2pg/mL) yes 900 mg Sedation
40yo (Case 3) yes yes (50pg/mL) yes 600 mg None


