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Abstract

Sleep disturbances in peri- and postmenopausal women may result from hormonal changes, vasomotor symptoms, and possibly
psychological factors. Hormone replacement therapy (HRT) seems to diminish the disruption of sleep in climacteric women.
The aim of this study was to determine the effects of a low dose of conjugated equine estrogens (CE) in combination with
different progestins (LD-HRT) and evaluate differences between regimens on sleep in symptomatic postmenopausal women.
Postmenopausal women were recruited and assigned to calcium–vitamin (control group) or to LD-HRT with 0.3 mg of CE
associated with a daily administration at bedtime of a progestin (2.5 mg MPA, CE+ MPA, n = 20), or 100 mg natural micronized
progesterone (CE+ P, n = 20). Subjective symptoms were evaluated by the Greene climacteric scale, and by a visuoanalogic
graduated scale (0–10) at baseline and after 4, 8, and 12 weeks of study. Greene’s scores for the control group were similar
to those in LD-HRT group at baseline, and showed no significant modification at all subsequent measurements. Conversely,
in LD-HRT group, a significant (P < 0.05) reduction in the scores of all Greene’s domains was evident versus corresponding
baseline and control group values. Conversely, in LD-HRT group, a significant (P < 0.05) reduction in the scores of all Greene’s
domains was evident with no difference in the scores of the two treated group. Both CE+ MPA and CE+ P significantly (P
= 0.05) reduced the HF and sleep visuanalogic score in comparison to the control group. The score of sleep was significantly (P
= 0.05) lower in the CE+ P group in comparison to that measured in the CE+ MPA group. No significant correlation between
sleep and vasomotor score was found.

In conclusion, low estrogen dose may have a value in the treatment of menopausal women in which sleep disturbances may
be a symptom of estrogen deprivation. Low-dose estrogen associated with low-dose micronized progesterone may especially
benefit women who complain of disturbed sleep.
© 2004 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Insomnia, disturbed sleep, and mood alterations are
significantly more frequent in perimenopausal than
in premenopausal women[1,2]. Perimenopausal sub-
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jects experience longer and more numerous arousals,
resulting in significantly less sleep, with a signifi-
cant correlation between sleep and mood changes
[3–6]. The most common problems are frequent noc-
turnal awakenings with difficulty returning to sleep
and sometimes difficulty falling asleep[7,8]. Sleep
disturbances with reduced sleep efficiency and in-
creased rapid eye movements (REM) sleep latency
in peri-and postmenopausal women may result from
hormonal changes, vasomotor symptoms, and pos-
sibly psychological factors[9–11]. Several studies
indicate that estrogen therapy given during the peri-
menopausal or menopausal period can diminish not
only hot flushes, but also anxiety, fatigue, depressive
symptoms, enhancing mood and subjective sense of
well being [12–20]. Improvement of psychological
symptoms, cognitive functions, and sleep by hormone
replacement therapy (HRT) could be the consequence
of a decrease of vasomotor symptoms. Although
many age-related conditions should be considered
when treating postmenopausal sleep disorders[18],
HRT seems to diminish the disruption of sleep in
climacteric women[19]. Since the beneficial effects
of estrogen on mood may be counterbalanced by
concomitant administration of progestagens[18,19],
the aim of this study was to determine the effects of
a low dose of conjugated equine estrogens (CE) in
combination with different progestins (LD-HRT) and
evaluate differences between regimens on sleep in
symptomatic postmenopausal women.

2. Methods

The Ethical Committee of our Department approved
the study protocol. Symptomatic postmenopausal
women, attending our Clinic for symptoms, were
recruited and assigned to calcium–vitamin- (con-
trol group) or LD-HRT-treated group, using a ran-
domisation list. Postmenopausal women between
the age of 45 and 55 were studied. Inclusion cri-
teria were amenorrhea for at least 6 months, levels
of follicle-stimulating hormone >40 IU/L and estra-
diol <20 ng/L, body weight within 30% of ideal,
menopausal symptoms (hot flashes, night sweats, in-
somnia, anxiety, and mood swings). Exclusion criteria
included past use of hormone/estrogen replacement
therapy within 12 weeks of study enrollment, en-

docrinopathy, major psychiatric disease, use of med-
ication likely to influence sleep or vigilance, such as
benzodiazepines, psychostimulants, and antidepres-
sants, and sleep disorders. No women with major
depression or diagnosed psychological disorder were
allowed. The control group received a daily supple-
ment of calcium (1000 mg per day,n = 20). The
LD-HRT group received with 0.3 mg of CE associ-
ated with a daily administration at bedtime of a pro-
gestin (2.5 mg medroxiprogesterone acetate (MPA),
CE + MPA, n = 20), or 100 mg natural micronized
progesterone (P), (CE+ P,n = 20). No women in the
LD-HRT group received any information about the
two different progestins used in the study. Subjective
menopausal symptoms were evaluated by the Greene
climacteric scale[21] and by a visuoanalogic gradu-
ated scale (0–10). The questionnaires were performed
at baseline after 4, 8, and 12 weeks of study. All
the results are reported as mean± S.E. of absolute
values. Two-way analysis of variance for repeated
measures and factorial analysis of variance were used
to test the differences within and between the groups,
respectively. The post hoc comparison was made by
ScheffeF-test for factorial analysis of variance.

3. Results

Table 1presents the baseline data for the study par-
ticipants. There were no significant differences in age,
BMI, hormone values, bone metabolism markers, and
femur bone density in the control and LD-HRT groups

Table 1
Baseline characteristics of participants who completed the study

Control CE+ MPA CE + P

Age (years) 53± 4.4 53.6± 2.2 53.4± 2.6
YSM 2.7 ± 0.7 2.8± 1.3 2.5± 0.3
BMI (kg/m2) 24.2 ± 0.8 24.0± 0.4 24.7± 0.8
FSH (IU/L) 73.4± 24.0 68.3± 14.0 58.9± 11.0
Estradiol (pg/mL) 14.1± 2.6 15.4± 4.4 16.2± 5.3

The results are reported as the mean (±S.D.). Control group:
postmenopausal women receiving 1000 mg of calcium per day (n
= 20); CE + MPA group: 0.3 mg of CE associated with a daily
administration of 2.5 mg MPA (n = 20); CE + P group: 0.3 mg
of CE associated with a daily administration of 100 mg natural
micronized progesterone (n = 20). YSM: years since menopause;
BMI: body mass index; FSH: follicle-stimulating hormone.
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Fig. 1. Clinical symptoms (mean± S.E.) evaluated by the Greenee climacteric scale at baseline (0 weeks), 4, 8 and 12 weeks in
postmenopausal women in the calcium-treated control group (n = 20) and in the LD-HRT group (n = 40). *P < 0.05 vs. corresponding
baseline levels.

before the study. No differences in smoking habits,
blood pressure, education, life style, family history
of breast cancer, osteoporosis, and cardiovascular dis-
eases were present in the two groups (data not shown).
The two groups were also comparable with respect to
symptoms at baseline (Fig. 1). About 15% of patients
of LD-HRT groups report spotting lasting in the first
4–6 months (data not shown). No cases of bloating,
headache, weight gain, and water retention were re-
ported (data not shown).

Fig. 1 depicts the pattern of subjective symptom
scores grouped in the Greene’s domains. Symptom

scores for the control group showed no significant
modification during our observation. There was no dif-
ference in any domain in the two groups of women
treated with low-dose CE and progestin or micronized
progesterone, and there was no group interaction for
any of the menopausal symptoms, indicating that both
groups improved in a similar fashion on all symptoms
after treatment. Therefore, the Greene’s data are re-
ported together. In LD-HRT group, a significant (P <

0.05) reduction in the scores of all Greene’s domains
was evident versus corresponding baseline and control
group values (Fig. 1). As shown inFig. 2, both CE
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Fig. 2. Visuonalogic scores (VAS, mean± S.E.) for hot flushes (HF, upper panel) and sleep disturbances (lower panel) evaluated at baseline
and after 4, 8 and 12 weeks in postmenopausal women in the calcium-treated control group (n = 20) and in the LD-HRT groups (0.3 mg
of CE associated with a daily administration at bedtime of a progestin (2.5 mg MPA, CE+ MPA, n = 20), or 100 mg natural micronized
progesterone (CE+ P, n = 20)). P < 0.05 vs. corresponding baseline and control group levels;†P < 0.05 corresponding control and
CE + MPA group values.

+ MPA and CE+ P significantly (P = 0.05) reduced
the HF and sleep visuanalogic score in comparison to
the control group (Fig. 2). The score of sleep was sig-
nificantly (P = 0.05) lower in the CE+ P group in
comparison to that measured in the CE+ MPA group
(Fig. 2).

Table 2presents data about the correlation between
the variation in sleep and vasomotor score in all sub-
jects at each visit and in each group at each visit. No
statistically significant correlation has been found be-
tween the variation in sleep and vasomotor score at
each visit in all groups.

4. Discussion

To our knowledge, this is the first report on the ef-
fects of low-dose HRT on sleep disturbances in symp-
tomatic postmenopausal women. Present data confirm
that low-dose HRT is effective in the treatment of cli-
macteric symptoms in early postmenopausal women

[22,23]. Lower doses of CEE and progestin can alle-
viate the symptoms of younger menopausal women,
reducing annoying side-effects[22,24] and maintain-
ing the bone-sparing effects of higher doses[23,25].
In addition, present results show that low-dose CE in
association with natural micronized progesterone re-
sulted in a more positive effect on sleep disturbances
than the CE+ MPA combination. Conflicting results
have been reported concerning the effect of different
forms of HRT on sleep quality, efficiency, and vari-
ous sleep architecture variables[26–34]. However, re-
cently it has been reported that the standard conjugated
estrogen dose (0.625 mg/day), in association with mi-
cronized progesterone, induces a better improvement
of the quality of sleep than the same estrogen dose as-
sociated with medroxyprogesterone acetate[35]. Our
data appear in accordance with these results, suggest-
ing that even a lower estrogen dose may have a value in
the treatment of menopausal women with sleep distur-
bances. In our study, the effects of low-dose HRT were
evaluated with subjective method and not with stan-
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Table 2
Correlation between absolute change in vasomotor (�HF) and
sleep (�sleep) score

Correlation P-value

All subjects(n = 60)
�HF4/�sleep4 −0.056 0.6720 ns
�HF8/�sleep8 −0.092 0.4863 ns
�HF12/�sleep12 −0.090 0.4966 ns

Controls(n = 20)
�HF4/�sleep4 −0.01 0.9963 ns
�HF8/�sleep8 0.052 0.8287 ns
�HF12/�sleep12 0.22 0.3571 ns

CE + MPA (n = 20)
�HF4/�sleep4 0.10 0.6775 ns
�HF8/�sleep8 0 0.9999 ns
�HF12/�sleep12 0.061 0.8022 ns

CE + P (n = 20)
�HF4/�sleep4 −0.083 0.7316 ns
�HF8/�sleep8 −0.051 0.8317 ns
�HF12/�sleep12 −0.11 0.6457 ns

Control group: postmenopausal women receiving 1000 mg of cal-
cium per day (n = 20); CE + MPA group: 0.3 mg of CE asso-
ciated with a daily administration at bedtime of 2.5 mg MPA (n
= 20); CE + P group: 0.3 mg of CE associated with a daily ad-
ministration at bedtime of 100 mg natural micronized progesterone
(n = 20). �HFx: variation in hot flushweeks; �sleepx: variation in
sleepweeks.

dard psychiatric instruments. However, the improve-
ment in the subjective evaluation of sleep by ques-
tionnaires was reported to correspond to a significant
increase in sleep efficiency measured in the sleep lab-
oratory [36]. In the present study, we did not corre-
late the variations of sleep disturbances to hormonal
values. On the other hand, the preparation used does
not allow the measurement of a single estrogen in the
blood stream, being a mixture of different equine es-
trogens. In addition, conflicting data are reported on
possible correlation between any serum hormone lev-
els and severity or presence of mood symptoms[37].

Our data suggest that the choice of proges-
terone/progestin is crucial for the ultimate action of
HRT on sleep disturbances. It must be noted that
the pretreatment sleep score values for the estrogen
+ MPA group were similar to those for subjects
treated with estrogen+ micronized progesterone.
There is a rationale to explain why micronized pro-
gesterone will be superior to progestogens in restoring
a better sleep. Progesterone is one of several steroids

that target the brain, and progesterone metabolites (not
found in synthetic progestogens), allopregnanolone,
and pregnanolone are potent neurosteroids[38–40].
These compounds have profound effects on brain
functions, inducing anxiolytic and hypnotic effects
[38,39]. These effects are mainly exerted through the
modulation of neuronal firing through interactions
with cell surface receptors for gamma-amino-butyric
acid (GABA) [40]. The GABA-mimetic action of
natural progesterone and its metabolites suggests that
these neurosteroids act as inhibitory neurotransmitters
that modulate specific neuronal functions, involved
in the control of sleeping, eating, anxiety, and ag-
gression[39,40]. On the contrary, the recent large
placebo-controlled randomised trials Women Health
Initiative (WHI) [40] seems to demonstrate that HRT
does not induce any clinically meaningful effect on
health-related quality of life[41]. However, the WHI
has been performed in a population of barely symp-
tomatic women. Therefore, it is difficult to predict in
this population any significant improvement. Thus,
our data may differ regardless the study sample size
since our patients are younger and symptomatic. It
can be argued that the reduction in hot flushes score
could explain the improvement on sleep pattern. How-
ever, the change in hot flushes score were similar to
the two treated groups, while the change in CE+ P
group was greater than the CE+ MPA group. More-
over, the change in sleep score did not correlate with
the change in hot flushes score. The positive effects
of HRT on nocturnal hot flushes can improve the
sleep pattern[42]. However, the different effects ob-
tained with the two regimens reinforce the contention
that neuroendocrine action of progesterone metabo-
lites “per se” may explain the better improvement of
sleep pattern in the CE+ P group. Further studies are
needed for better explaining the interaction among
sleep mechanism and estrogen fall in postmenopausal
women.

In conclusion, this study suggests that low-dose
HRT using micronized progesterone may improve
sleep disturbances associated with menopause. Since
the key point of an improved use and compliance of
HRT is the personalization of schemes, doses, and
type of hormones prescribed, as clinicians, we should
bear in mind that all progestagens have different char-
acteristics and biological actions. Present results show
that low-dose estrogen associated with low-dose mi-



96 M. Gambacciani et al. / Maturitas 50 (2005) 91–97

cronized progesterone may especially benefit women
who complain of disturbed sleep. However, because
the power of this study is limited by small size,
confirmation by larger controlled studies is necessary.

Acknowledgements

We gratefully acknowledge and thank Mr. Massim-
iliano Telleschi for his technical assistance and Mrs.
Gabriella Campani for her secretarial assistance. No
sponsor had a role in the study design, data collection,
analysis, or report writing. Prof. Andrea R. Genazzani
and Dr. Marco Gambacciani received research grants
and lecture fees from Eli Lilly, Procter & Gamble,
Merck Sharp & Dohme, Wyeth, Schering, Solvay, No-
vartis, Novo Nordisk, Bracco, Rottapharm.

References

[1] Moe KE. Reproductive hormone, aging, and sleep. Semin
Reprod Endocrinol 1999;17(4):339–48.

[2] Brown WJ, Mishra GD, Dobson A. Changes in physical
symptoms during the menopause transition. Int J Behav Med
2002;9(1):53–67.

[3] Baker A, Simpson S, Dawson D. Sleep disruption and
mood changes associated with menopause. J Psychosom Res
1997;43(4):359–69.

[4] Shaver JL, Paulsen VM. Sleep, psychological distress, and
somatic symptoms in perimenopausal women. Fam Pract Res
J 1993;13(4):373–84.

[5] Thorell B, Svardsudd K. Myocardial infarction risk factors
and well-being among 50-year-old women before and after
the menopause: the population study “50-year-old people in
Kungsor”. Scand J Prim Health Care 1993;11:141–6.

[6] Daly E, Gray A, Barlow D, McPherson K, Roche M, Vessey
M. Measuring the impact of menopausal symptoms on quality
of life. Br Med J 1993;836–40.

[7] Ballinger CB. Subjective sleep disturbance at the menopause.
J Psychosom Res 1976;20:509–13.

[8] Dawson D, Simpson S, Baker A. Sleep disruption and mood
changes associated with menopause. Sleep Res 1995;24A:292.

[9] Erlik Y, Tataryn I, Meldrum D, et al. Association of waking
episodes with menopausal hot flashes. JAMA 1981;245:1741–
4.

[10] Stone AB, Pearlstein TB. Evaluation and treatment of changes
in mood, sleep, and sexual functioning associated with
menopause. Obstet Gynecol Clin North Am 1994;21:391–
403.

[11] Shaver JL, Paulsen VM. Sleep, psychological distress, and
somatic symptoms in perimenopausal women. Fam Pract Res
J 1993;13(4):373–84.

[12] Sherwin BB. Affective changes with estrogen and androgen
replacement therapy in surgically menopausal women. J
Affect Disord 1988;177–87.

[13] Ditkoff EC, Crary WG, Cristo M, Lobo RA.
Estrogen improves psychological function in asymptomatic
postmenopausal women. Obstet Gynecol 1991;991–5.

[14] Pearce MJ, Hawton K. Psychological and sexual aspects of
the menopause and HRT. Baillières Clin Obstet Gynaecol
1996;385–99;
Sarrel PM. Psychosexual effects of menopause: role of
androgens. Am J Obstet Gynaecol 1999;S319–24.

[15] de Lignières B, Vincens M. Differential effects of
exogenous oestradiol and progesterone on mood in
post-menopausal women: individual dose/effect relationship.
Maturitas 1982;67–72.

[16] Schmidt PJ, Nieman L, Danaceau MA, et al. Estrogen
replacement in perimenopausal-related depression: a
preliminary report. Am J Obstet Gynecol 2000;414–20.

[17] Zweifel JE, O’Brien WH. A meta-analysis of the effect
of hormone replacement therapy upon depressed mood.
Psychoneuroendocrinology 1997;189–212.

[18] Polo-Kantola P, Saaresranta T, Polo O. Aetiology and
treatment of sleep disturbances during perimenopause and
postmenopause. CNS Drugs 2001;15(6):445–52.

[19] Owens JF, Matthews KA. Sleep disturbance in healthy
middle-aged women. Maturitas 1998;30:41–50.

[20] Hunter MS. Emotional well-being, sexual behaviour and
hormone replacement therapy. Maturitas 1990;12:299–314.

[21] Greenee JG. Constructing a standard climacteric scale.
Maturitas 1998;29:25–31.

[22] Gambacciani M, Ciaponi M, Cappagli B, Genazzani
AR. Effects of low-dose, continuous combined conjugated
estrogens and medroxyprogesterone acetate on menopausal
symptoms, body weight, bone density, and metabolism
in postmenopausal women. Am J Obstet Gynecol
2001;185:1180–5.

[23] Utian W, Shoupe D, Bachmann G, Pinkerton J, Pickar
JH. Relief of vasomotor symptoms and vaginal atrophy
with lower doses of conjugated equine estrogens and
medroxyprogesterone acetate. Fertil Steril 2001;75:1065–79.

[24] Archer DF, Dorin M, Lewis V, Schenider DL, Pickar JH.
Effects of lower doses of conjugated equine estrogens and
medroxyprogesterone acetate on endometrial bleeding. Fertil
Steril 2001;75:1080–7.

[25] Lindsay R, Gallagher JC, Kleerekoper M, Pickar JH. Effects
of lower doses of conjugated equine estrogens with and
without medroxyprogesterone acetate on bone in early
postmenopausal women. JAMA 2002;287:2668–76.

[26] Thomson J, Oswald I. Effect of estrogen on the sleep, mood,
and anxiety of menopausal women. Br Med J 1977;2:1317–9.

[27] Schiff I, Regestein Q, Tulchinsky D, Ryan KJ. Effects of
estrogens on sleep and psychological state of hypogonadal
women. JAMA 1979;242:2405–7.

[28] Pickett CK, Regensteiner JG, Woodard WD, Hagerman
DD, Weil JV, Moore LG. Progestin and estrogen reduce
sleep-disordered breathing in postmenopausal women. J Appl
Physiol 1989;66(4):1656–61.



M. Gambacciani et al. / Maturitas 50 (2005) 91–97 97

[29] Blum M, Zacharovitch D, Pery J, Gilerowitch M. Estrogen
replacement therapy (ERT) by a special regimen in the years
following menopause. Clin Exp Obstet Gynecol 1989;16:9–
11.

[30] Balfour JA, Heel RC. Transdermal estradiol: a review
of its pharmacodynamic and pharmacokinetic properties,
and therapeutic efficacy in the treatment of menopausal
complaints. Drugs 1990;40:561–82.

[31] Best NR, Rees MP, Barlow DH, Cowen PJ. Effect of estradiol
implant on noradrenergic function and mood in menopausal
subject. Psychoneuroendocrinology 1992;17:87–93.

[32] Wiklund I, Berg G, Hammar M, Karlberg J, Lindgren R,
Sandin K. Long-term effect of transdermal hormonal therapy
on aspects of quality of life in post-menopausal women.
Maturitas 1992;14:225–36.

[33] Polo Kantola P, Erkkola R, Irjala K, Pullinen S, Virtanen I,
Polo O. Effect of short-term transdermal estrogen replacement
therapy on sleep: a randomized, double-blind crossover trial
in postmenopausal women. Fertil Steril 1999;71:873–80.

[34] Purdie DW, Empson JA, Crichton C, Macdonald L. Hormone
replacement therapy. Br J Obstet Gynecol 1995;102:735–9.

[35] Montplaisir J, Lorrain J, Denesle R. Petit D Sleep in
menopause: differential effects of two forms of hormone
replacement therapy. Menopause 2001;8:10–6.

[36] Mendelson WB. Effects of flurazepam and zolpidem on the
perception of sleep in insomniacs. Sleep 1995;18:92–6.

[37] Stoppe G, Dören M. Critical appraisal of effects of estrogen
replacement therapy on symptoms of depressed mood. Arch.
Women Ment. Health 2002;5(2):39–47.

[38] Rupprecht R, Holsboer F. Neuropsychopharmacological
properties of neuroactive steroids. Steroids 1999;64:83–
91.

[39] Freeman EW, Purdy RH, Coutifaris C, Rickels K, Paul
SM. Anxiolytic metabolites of progesterone: correlation
with mood and performance measures following oral
progesterone administration to healthy female volunteers.
Neuroendocrinology 1993;58:478–84.

[40] Majewska MD. Neurosteroids: endogenous bimodal
modulators of the GABAA receptor. Mechanisms of action
and physiological significance. Prog Neurobiol 1992;38:379–
95.

[41] Hays J, Ockene JK, Brunner RL, Kotchen JM, Manson JE,
Patterson RE. Women’s health initiative investigators. Effects
of estrogen plus progestin on health-related quality of life. N
Engl J Med 2003;348(19):1839–54.

[42] Polo-Kantola P, Erkkola R, Helenius H, et al. When does
estrogen replacement therapy improve sleep quality? Am J
Obstet Gynecol 1998;178(5):1002–9.


	Effects of low-dose, continuous combined hormone replacement therapy on sleep in symptomatic postmenopausal women
	Introduction
	Methods
	Results
	Discussion
	Acknowledgements
	References


