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Daily vasomotor symptoms, sleep problems, and mood: using daily
data to evaluate the domino hypothesis in middle-aged women
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Abstract
Objective: The aim of this study was to investigate the relationships among daily reports of vasomotor symp-

toms (hot flashes and/or sweats), same-day sleep problems, and next-day mood reports in middle-aged women.
Methods: Fifty-five healthy middle-aged women were recruited to keep daily records for up to 5 years or until

menopause. For each participant, the first 252 days of contiguous data with the highest weekly frequency of
vasomotor symptoms was selected for the current analyses. Multilevel structural equation modeling was used to
test whether changes in daily vasomotor symptom occurrence predicted changes in occurrence of same-day sleep
problems and changes in next-day positive and negative mood ratings and whether sleep problems mediated any
predictive effect of symptoms on next-day mood.

Results: Controlling for initial depression, daily vasomotor symptoms predicted same-day sleep problems (b =
0.59, P G 0.001) and next-day positive mood (b = j0.07, P G 0.01), although significant direct relationships
between vasomotor symptoms and mood were found primarily in women with initial depression scores in the
low to moderate range. Sleep problems predicted next-day positive (b = j0.08, P G 0.01) and negative (b = 0.10,
P G 0.001) mood more robustly than vasomotor symptoms did.

Conclusions: Sleep problems predicted worse mood on the following day and accounted for only a small
portion of the relationship between vasomotor symptoms and mood. These findings suggest that any effect of
vasomotor symptoms on mood may occur largely through a mechanism other than sleep disruption.

Key Words: Vasomotor symptoms Y Mood Y Menopausal transition Y Daily data Y Middle-aged women.

T
he idea that menopause causes mood disturbances has
a long history. Early studies of clinical samples found
a high prevalence of complaints such as anxiety, in-

somnia, and depression, and these symptoms were often
relieved by estrogen administration.1 Results from later
community-based studies, many of which were longitudinal,
have been equivocal. Some reported no difference in negative
mood among premenopausal, perimenopausal, and postmen-
opausal women2 or no effect on mood of progression from
one menopausal stage to another.3 On the other hand, several
of these studies reported a higher prevalence of mood prob-
lems during the menopausal transition.4,5

Various explanations for an apparent association between
menopause status and mood disturbances have been pro-
posed, including midlife changes in psychosocial roles,6 life

events,7 perceived health,3 recurrence of previous affective
disorder,8 and either direct (eg, through estrogen receptors in
the brain1,9) or indirect (eg, through somatic symptoms10)
effects of reduced or variable estrogen levels.1,11 Vasomotor
symptoms (hot flashes and night sweats) are widely accepted
as physiologically related to changes in menopause status in
populations worldwide,12 and they are most often considered
to be the likely mediators of proposed indirect effects of
hormones on mood. In 1977, Campbell and Whitehead13 sug-
gested that estrogen therapy might decrease both Bpsycho-
logical symptoms[ and insomnia by relieving vasomotor
symptoms (which often occur at night) and referred to this
possibility as a domino effect. Since then, the Bdomino hypo-
thesis[ has grown to sometimes include the notion that sleep
disturbances mediate a relationship between vasomotor
symptoms and mood problems. In other words, vasomotor
symptoms (presumably caused by changes in estrogen level)
disturb sleep, and sleep disruption causes negative mood
(eg, Eichling and Sahni14). In the current study, we use data
from 55 middle-aged women, collected on a daily basis for
approximately 35 weeks, to test the relations among daily
self-reported vasomotor symptoms, sleep problems, and mood.

Vasomotor symptoms and sleep problems
The idea that vasomotor symptoms (particularly night

sweats) interfere with sleep is commonly reported and intui-
tively appealing, and there are a number of studies that
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support it. Both community-based surveys15-21 and labora-
tory studies22-25 have found significant relationships between
self-reports of vasomotor symptoms and subjective dissat-
isfaction with sleep quality.26 On the other hand, results
using objective measures of sleep quality are much less
consistent. Three relatively early studies using polysomnog-
raphy reported that nighttime hot flashes were associated
with waking episodes,27 less efficient sleep,28 or both.29 Later
studies found no relationship between hot flashes and
polysomnographic indicators of sleep quality.22,23,30 Another
recent study using sternal skin conductance as a marker of
hot flash occurrence found that subjective hot flashes were
significantly positively related to sleep characteristics, but
objective hot flashes were not.31 In fact, using the psycho-
physiological indicators of both hot flashes and sleep
architecture, Freedman and Roehrs30 reported data suggesting
that awakenings actually preceded, rather than followed, hot
flash occurrences. The disparate findings may be explained
by a more recent study from the same authors showing that
during the first half of the night, women with hot flashes
had significantly more arousals and awakenings than asymp-
tomatic women did and that hot flashes preceded awakenings.
It was during the second half of the night, when increased
rapid eye movement sleep typically suppresses thermoreg-
ulatory responses, that hot flashes were more likely to follow
awakenings.32 Thus, the weight of the evidence supports a
link between reported vasomotor symptoms and disturbed
sleep, although the nature of the association is not fully
understood.

Sleep problems and negative mood
Like the relationship between vasomotor symptoms and

sleep disturbances, the association of mood problems with
sleep disruption seems intuitively obvious and is often re-
ported anecdotally. Indeed, a meta-analysis of laboratory ex-
periments using both men and women across a wide age
range showed that sleep deprivation has a strong negative
effect on mood.33 Self-reported poor sleep quality has been
related also to negative mood in a number of community-
based surveys of middle-aged women.4,5,17-20,22,24,26,31,34,35

Many of these data are longitudinal, but the shortest mea-
surement interval in these longitudinal studies is 6 months.
This relatively long interval between measurements makes it
difficult to determine whether poor sleep precedes negative
mood or vice versa. Several studies using daily data col-
lection have been published,36-39 all of which support the
notion that poor sleep results in negative mood, but only one
used middle-aged female participants, and they averaged
their data during the 7-day data collection period.37 Thus, to
our knowledge, no previous study has reported a day-to-day
relationship between sleep quality and mood in middle-aged
women.

Vasomotor symptoms and negative mood
If vasomotor symptoms cause sleep problems, which in

turn lead to negative mood, then vasomotor symptoms should
be correlated with negative mood. Links between vasomotor

symptoms and mood have not been found in all studies.31,40

However, many community-based studies from Northern
Europe, Australia, and the United States have provided
support for a relationship,4,11,15,35,41-43 including a recent
longitudinal study of women with no history of previous de-
pression (thus eliminating recurrence of depression as a
cause for negative mood).44 This study found that women
who first reported depressed mood during the menopausal
transition were twice as likely to report hot flashes and de-
pressed mood onset at the same rather than at different
measurement occasions, suggesting that hot flashes may con-
tribute to the onset of depressed mood. However, all of these
data are from cross-sectional research or longitudinal studies
with long measurement intervals, making it impossible in
most cases to determine the temporal relationship between
vasomotor symptoms and negative mood; thus, they shed
little light on the question of causality. One study measured
mood during hot flashes and found that subjective hot flashes
were accompanied by slightly increased negative mood.31

Current study
In sum, most previous research suggests that vasomotor

symptoms, sleep problems, and mood in middle-aged women
are related. One version of the domino hypothesis proposes
that vasomotor symptoms (resulting from low or fluctuating
estrogen) directly cause negative mood13; another version
proposes that vasomotor symptoms disturb sleep and that
sleep disruption, in turn, causes negative mood.14 We eval-
uated these hypotheses by comparing two models, one non-
mediated and one mediated, using reports of vasomotor
symptoms, sleep quality, and mood recorded every morning
for 36 weeks. In the mediated model, an indirect association
between symptoms and next-day mood was represented by
allowing symptoms to predict sleep problems, which, in turn,
predicted next-day mood. This mediated model also included
a direct association between symptoms and next-day mood.
In the nonmediated model, the direct association between
symptoms and next-day mood was represented, but the
indirect association (via sleep problems) was not. Both
models also included initial depression level because of the
known effects of depression on sleep and on symptom
reports45 and because previous studies have suggested that
mood problems associated with menopause are particularly
prevalent in women with histories of depression.5

METHODS

Participants
Using advertisements in women’s publications, we re-

cruited women nationally to participate in a longitudinal
study of the transition through menopause Bas experienced
in the context of daily life events.[ Women were eligible if
they were aged 42 to 52 years, were not taking estrogen or
progesterone or using an intrauterine device, had not had
reproductive surgery, and were not pregnant, lactating, or
postmenopausal. A total of 113 women wrote to request
study materials; 52 of these returned no data and 3 returned
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fewer than 4 weeks of data, giving us a sample of 58 unpaid
participants. Of these 58 women, 3 did not consistently com-
plete mood ratings; hence, data from 55 women were in-
cluded in the current report. This study was approved by the
institutional review board at New Mexico State University,
and all women gave informed consent to participate.

Procedure
Although the current report used a maximum of 36 weeks

of collected data (see Data Selection and Missing Data),
women were recruited to participate in the overall study for
5 years or until 1 year without menstruation. Each woman
was mailed detailed instructions, an initial questionnaire, suffi-
cient daily checklists for 36 weeks of recording, a prepaid
postcard for requesting a new packet when she begins record-
ing the final 42 days, and a stamped envelope for returning
completed data sheets after 36 weeks (subsequent prepaid
packets included only checklists, postcards, and mailers). At
entry, participants recorded demographic and personal his-
tory data and completed the Depression subscale of the
Symptom Checklist-90-Revised46 (SCL-dep). From then on,
they completed a checklist upon arising each morning, cov-
ering the previous approximately 24-hour period.

Daily measures
The daily measures were chosen based on numerous

previous reports of psychological and somatic states often
associated with the menopausal transition.47-50 To enhance
accurate recording, we included detailed instructions regard-
ing how the checklist items should be interpreted. Except
for moods (described below), participants marked the check-
list for each item that had occurred one or more times since
the previous recording.

The symptoms of primary interest for the current study
included vasomotor symptoms and sleep problems and were
defined for participants as follows: (1) hot flashesV
Buncomfortable sensations of heat under the skin (usually
of the head, neck, or chest) that spread rapidly over the
body and may or may not be accompanied by flushing[;
(2) sweatsVBsudden breaking out of hot or cold sweating
that is not clearly related to external temperature and is com-
mon at night[; and (3) sleep problemsVBdifficulty falling
asleep or staying asleep, waking up earlier than usual, or
insomnia.[ To better compare our results with those of pre-
vious studies, which did not separate sweats and hot flashes,
we created a composite variable to assess vasomotor symp-
toms (sweats/flashes). Both sleep problems and sweats/
flashes were given a value of 1 when any occurrence was
reported and a value of 0 when no occurrence was reported.

Mood items included seven positive (enthusiastic, deter-
mined, alert, happy, cheerful, proud, and contented) and
eight negative (anxious, depressed, distressed, nervous,
hostile, ashamed, guilty, and irritable) adjectives, rated from
1 (experienced slightly or not at all) to 5 (experienced ex-
tremely). We created mean composite scores using all of the
positive mood adjectives (positive mood) and all of the ne-
gative mood adjectives (negative mood).

Data analysis
Data selection and missing data

For the entire 5-year study, durations of data recording
ranged from 116 to more than 2,500 days; to maximize the
number of participants included in the current analyses, we
chose to use 252 days (36 weeks) of data. Vasomotor symp-
toms do not occur uniformly throughout the menopausal
transition for most women.51 Because our primary interest in
the current study was to investigate the relations between
vasomotor symptoms, sleep problems, and mood, we selected
the first 36 contiguous weeks for each participant that had the
highest average weekly frequency of sweats/flashes, thereby
maximizing the occurrence of hot flashes and/or sweats. Ap-
proximately 1.25% of daily data points in these weeks were
missing. The time that elapsed between a participant’s enroll-
ment in the study and the start of data collection for this
report was variable, ranging from 1 to 2,283 days. We note
that in two cases, the 36 weeks selected were after the parti-
cipant’s transition to postmenopause.

Analysis plan
To estimate the hypothesized associations among the study

variables, we used the path models illustrated in Fig. 1. We
followed the conceptual framework of Kenny et al52 to
determine whether the data met the criteria for partial
statistical mediation, as follows: (1) the initial predictor
variable is correlated with the outcome variable (daily
vasomotor symptoms are correlated with next-day moods);
(2) the initial predictor is correlated with the proposed me-
diator (daily vasomotor symptoms are correlated with same-
day sleep problems); (3) the proposed mediator is related to
the outcome when the initial predictor is also in the model
(daily sleep problems are related to next-day mood outcomes
when daily vasomotor symptoms are in the model); and
(4) the relation between the initial predictor and the outcome
is reduced in absolute size when the mediator is included in
the model (relation between daily vasomotor symptoms and
next-day moods is smaller when sleep problems are in the
model than when sleep problems are not in the model).

The data have an inherently multilevel structure in which
symptoms, sleep problems, and mood were measured re-
peatedly within individuals and, hence, are not independent
from one another. Also, the proposed mediating variable,
sleep problems, is dichotomous (occurrence vs nonoccur-
rence). Therefore, we used a multilevel structural equation
model53 approach under Mplus version 4.21 to appropriately
analyze the data.54 This procedure estimates path coefficients
(similar to regression coefficients, except that all are estimated
simultaneously) between predictor and outcome variables and
calculates the variance in each predicted variable that remains
unaccounted for by the proposed model. Variables were cen-
tered around their means (ie, the mean was subtracted from
each individual value) to facilitate interpretation of significant
interactions between initial depression and daily vasomotor
symptoms.55 Significant interactions were explored by
estimating associations between symptoms and mood at
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different levels of initial depression (mean, mean + SD, and
mean j SD).56 Effect sizes are not reported because there is
no established method for determining effect sizes for
individual paths in multilevel structural equation models
using dichotomous mediator variables. An > level of 0.05
was used for all statistical tests.

RESULTS

Participant characteristics
At the start of data collection for the current study, parti-

cipant mean (SD) age was 48.6 (2.6) years and mean (SD)
body mass index was 23.3 (3.6) kg/m2. Forty (69%) were
married or cohabiting, and 18 (31%) were not living with
their sexual partners. For those in a relationship (n = 47), the
mean (SD) duration of that relationship was 15.6 (8.3) years
(range, 0.4-31 y). Six (10.3%) participants had earned less
than a baccalaureate degree, 6 (10.3%) had earned a bacca-
laureate degree, and 46 (79.3%) had postgraduate education.
Fifty-two (89.7%) were employed outside the home, and the
mean (SD) number of years employed was 21.1 (6.3). Thirty-
five (60.3%) women reported annual family incomes of more
than $50,000. Reproductive stages were defined using criteria
from the ReSTAGE Collaboration,51 in which early transition
starts when the difference in length between two consecutive
cycles is more than 7 days, late transition begins with the first
cycle longer than 60 days, postmenopause status is assigned
after 1 year without menses, and all days after the final
menses are considered postmenopausal. At the start of the
data collected for the current study, 24 women were in the
late reproductive stage, 20 were in early transition, 9 were in
late transition, and 2 were postmenopausal.

Preliminary analyses
We calculated the frequencies of daily occurrence of

sweats/flashes and sleep problems and averages for positive
mood and negative mood for each participant during the
duration of data collection then correlated these overall
values, along with SCL-dep, across all participants. Because
several previous studies have found higher reports of nega-
tive mood associated with stage in the menopausal transition,
we also examined the relationship of the study variables with
reproductive stage at the beginning of this study’s data
collection period. Table 1 displays the grand means, observed
ranges, and Pearson’s correlations among these variables.
As expected, SCL-dep was positively correlated with overall
frequency of sleep problems and with average daily negative
mood and negatively correlated with average daily positive

TABLE 1. Means, SDs, and Pearson’s correlations among overall frequencies of days with vasomotor symptoms and sleep
problems and overall means of daily moods (n = 55)

Variable Mean SD 1 2 3 4 5

1. Reproductive stagea Y Y Y
2. SCL-depb 56.52 8.78 0.05 Y
3. Sweats/flashesc 0.22 0.28 0.68d 0.12 Y
4. Sleep problemsc 0.17 0.18 0.10 0.27e j0.07 Y
5. Daily positive moodf 2.94 0.77 0.04 j0.39g 0.08 0.02 Y
6. Daily negative moodf 1.62 0.53 j0.11 0.36g 0.22 0.28e j0.07

SCL-dep, initial Symptom Checklist Depression subscale score.
aOrdinal scale ranging from 0 (late reproductive) to 3 (postmenopausal).
bValues are T scores.
cValues could range from 0 (never occurred) to 1 (occurred at least one time every day of measurement period).
dP G 0.001.
eP G 0.05.
fValues could range from 1 to 5.
gP G 0.01.

FIG. 1. Unstandardized path coefficient estimates for relations among
initial depression, daily sweats/flashes, daily sleep problems, next-day
positive mood, and next-day negative mood. A: The nonmediated model,
which omits paths from sleep problems to mood outcomes. B: The
mediated model, which includes paths from sleep problems to mood
outcomes. t refers to any given day; t + 1 refers to the following
day. SCL-dep, Symptom Checklist Depression subscale. †P G 0.10; *P G
0.05; **P G 0.01; ***P G 0.001.
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mood. Reproductive stage was significantly correlated with
overall frequency of sweats/flashes, but not with SCL-dep,
overall frequency of sleep problems, or overall means of
either of the daily mood reports. In addition, overall fre-
quency of sleep problems was significantly correlated with
average daily negative mood. However, when SCL-dep was
controlled, none of the partial correlations among symptoms,
sleep problems, and mood were significant (not shown).

To evaluate the clinical meaning of SCL-dep values, we
calculated T scores using a nonpatient sample as the referent
population. The average (SD) T score was 56.5 (8.8; 78th
percentile46). This result suggests that, on average, the cur-
rent sample experienced somewhat elevated depressive symp-
toms compared with nonpatients but did not fall in the
clinical range. However, it is important to note that statisti-
cal interactions were explored using values at 1 SD above
and below the mean value of SCL-dep in the sample. The
high value corresponds to a T score of 65.3, which is con-
sidered elevated when comparing with that of a nonclinical
sample. Therefore, the upper range of SCL-dep scores in the
current sample may indicate clinically relevant symptoms of
depression.

Model estimation
Initially, we examined models that included interactions

between SCL-dep and sleep problems, but these interactions
were nonsignificant and were thus removed. Figure 1 illus-
trates our refined model of the relations among SCL-dep,
daily sweats/flashes, same-day sleep problems, and next-day
moods, in which sleep problems mediate potential relation-
ships between same-day sweats/flashes and next-day moods.
Dotted lines represent paths that are omitted in the non-
mediated models.

Sweats/flashes predicting mood
Following the rubric described in BData Analysis,[ we

addressed this association first in nonmediated models
(Fig. 1A). The direct path from daily sweats/flashes to next-
day positive mood was significant and negative, but this
relation was qualified by a significant interaction with SCL-
dep. Tests of the interaction revealed that the relation be-
tween daily sweats/flashes and next-day positive mood was
negative and highly significant in participants with both
lower and moderate SCL-dep scores (b = j0.17, P = 0.0004;
b = j0.07, P = 0.0048, respectively) but not significant in
participants with relatively higher SCL-dep scores. The result
for next-day negative mood ratings was different (Fig. 1A)
because daily sweats/flashes did not predict next-day nega-
tive mood and the interaction with SCL-dep was only mar-
ginally significant. The relation between daily sweats/flashes
and next-day negative mood was negative and highly
significant in participants with lower SCL-dep scores (b =
0.11, P = 0.0056) but not significant in participants with
moderate or high SCL-dep scores.

Sweats/flashes predicting sleep problems
As shown in Fig. 1A, occurrence of sweats/flashes was a

highly significant positive predictor of sleep problems during

the same 24-hour period. Results were virtually identical in
the nonmediated and mediated models.

Sleep problems predicting mood
The path from sleep problems to next-day mood was

omitted from the nonmediated model, so the relation between
sleep problems and next-day moods was necessarily tested
using a mediated model (Fig. 1B). Occurrence of sleep prob-
lems strongly predicted lower next-day positive mood and
higher next-day negative mood.

Sweats/flashes predicting mood when sleep problems
were included

As shown in Fig. 1B, the direct relationship between daily
sweats/flashes and next-day positive mood decreased in
magnitude when sleep problems was included as a mediator.
The interaction with SCL-dep remained significant but was
also smaller in magnitude. An interaction probe revealed
that the relation between daily sweats/flashes and next-day
positive mood in the mediated model was smaller than seen
in the nonmediated model for participants with both
lower (b = j0.16, P = 0.0005) and moderate (b = j0.06,
P = 0.0126) SCL-dep scores.

The path coefficient for sweats/flashes predicting next-day
negative mood in the mediated model is shown in Fig. 1B.
The (nonsignificant) direct path from sweats/flashes to nega-
tive mood was smaller when sleep problems was included
as a mediator; however, the interaction with SCL-dep was
significant. An interaction probe revealed that the relation
between daily sweats/flashes and next-day negative mood
was significant only for women with lower SCL-dep scores
(b = 0.09, P = 0.0009).

Other model parameters
Figure 1 displays the remaining path coefficient estimates

and significance levels for the nonmediated and mediated
models. In both models, (1) SCL-dep was not significantly
related to sweats/flashes, (2) higher SCL-dep predicted more
sleep problems, and (3) higher SCL-dep predicted more nega-
tive mood and less positive mood. In addition, positive mood
was negatively correlated with negative mood on the same day
in all models. Most estimates were highly similar across both
models, differing, if at all, only in degree of significance.

Nonmediation versus mediation
We examined the pattern of results using the framework

described by Kenny et al,52 as described above. The criteria for
partial mediation of daily positive mood were fully met, but
only for women who reported low and moderate SCL-dep. Re-
garding negative mood, the criteria were met only for women
reporting low SCL-dep. Finally, although the path estimates
from sweats/flashes to next-day positive and negative mood
were reduced in magnitude when sleep problems were in-
cluded as a mediator, the differences between the nonmediated
and mediated path coefficients were relatively modest.

We also compared model fit, using the scaled W
2 differ-

ence method of Satorra and Bentler.57 The fit of the mediated
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model to the observed data was superior (W2 = 38.61,
P G 0.001).

DISCUSSION

This study is the first to use long-term prospective daily
data collection to test whether mood changes follow self-
reported sleep problems and/or vasomotor symptoms (hot
flashes and/or sweats) in middle-aged women. Rather than
relying on retrospective accounts of mood and symptoms, we
asked women to report each morning whether they had ex-
perienced vasomotor symptoms or sleep problems and to
estimate their levels of positive and negative mood states
during the immediately preceding day. While controlling for
level of depression measured at enrollment, we tested the
ability of reported vasomotor symptoms and sleep problems
to predict next-day mood. In the current sample, when parti-
cipants reported the occurrence of vasomotor symptoms or
sleep problems (or both), their negative mood was likely to
increase and their positive mood was likely to decrease on the
following day. However, direct relationships between vaso-
motor symptoms and mood were found primarily in women
with initial depression scores in the low to moderate range
(relative to all scores in the current sample), and these rela-
tionships, although significant, were not large.

We also evaluated whether the predictive ability of vaso-
motor symptoms on next-day mood outcomes depended on
their relationship with sleep problems. We found limited
support for this idea. The predictive value of vasomotor
symptoms declined by only a small amount when sleep
problems were added to the model, suggesting that any ef-
fects of symptoms on mood may have occurred largely
through a mechanism other than sleep disruption. We also
found that sleep problems were stronger predictors of mood
than were vasomotor symptoms. Together, these results sug-
gest that vasomotor symptoms and sleep disturbances may
work both together and independently to influence mood for
the worse.

Vasomotor symptoms and next-day mood
In the current study, the occurrence of sweats/flashes pre-

dicted lower next-day positive mood (in women with low to
moderate initial depression scores) and higher next-day
negative mood (in women with low initial depression scores).
These results are consistent with the idea that vasomotor
symptoms may directly add to negative mood and reduce
positive mood in women who are not very depressed.

Given that previous studies have found women with a
history of depression or other mood disorder to be more
vulnerable to undesirable mood outcomes during the meno-
pausal transition,5 we were somewhat surprised to find
evidence for an influence of symptoms on mood only in
women with lower to moderate initial depression scores. We
examined the possibility of a statistical ceiling effectVthat
the participants with higher initial depression reported so
much negative mood (or so little positive mood) that there
was no room for the occurrence of vasomotor symptoms to

heighten these reportsVbut this was not the case. Although
initial depression was significantly correlated with the overall
daily mood ratings (as expected), all participants, even
women with the highest depression scores, reported daily
negative mood at a level well below the maximum and daily
positive mood far above the minimum. Thus, we speculate
that for the participants with initial depression scores high
enough to be considered clinically relevant (who experienced
chronically elevated negative mood during the current study),
any impact of vasomotor symptoms was simply not powerful
enough to influence next-day mood reports.

Vasomotor symptoms and sleep problems
In the current study, the overall frequency of days with

reported sweats/flashes was unrelated to the overall fre-
quency of days with sleep problems (Table 1). That is,
women who had many days with vasomotor symptoms were
no more likely to report sleep problems than were women
who had few or no days with vasomotor symptoms.
However, examination of the same-day relation between
vasomotor symptoms and sleep problems revealed a robust
positive relationship (Fig. 1). In other words, when vaso-
motor symptoms occurred, sleep problems were highly likely
to occur on the same day.

Because our participants made their reports only every
morning, we cannot be certain that vasomotor symptoms
preceded sleep problems on any given day. Although it is
unlikely that sleep problems intruded into the daylight hours,
vasomotor symptoms and sleep problems may have co-
occurred at night. Therefore, the hypothesis that sleep dis-
turbances caused vasomotor symptoms cannot be ruled out.
However, we argue that either of two other possibilities is
more likely: vasomotor symptoms either directly interfered
with sleep or were immediate manifestations of another,
underlying process that also interfered with sleep. One pro-
mising possibility for such a mechanism involves changes in
the regulation of luteinizing hormone associated with aging
and menopausal transition.58 Although they do not cause hot
flashes,59 luteinizing hormone pulses are strongly temporally
associated with both hot flash onsets60,61 and sleep disrup-
tions.62 Furthermore, sex hormone receptors found in the
suprachiasmatic nucleus of the hypothalamus (the Bbiological
clock[) provide a pathway through which changes in estradiol
may influence the circadian regulation of both body tempera-
ture and sleep,63 and the circadian rhythm of body tempera-
ture, in turn, influences vasomotor symptom occurrence.64

Sleep problems and next-day mood
In the mediated model, the occurrence of sleep problems

was a strong predictor of lower positive mood and higher
negative mood on the following day, regardless of initial
depression score. These results reinforce the intuitive notion
that sleep is an important regulator of mood and provide
strong support for previous cross-sectional studies suggesting
a deleterious effect of poor sleep on mood. In fact, sleep
disturbance was a stronger predictor of next-day negative
mood than were vasomotor symptoms.
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Magnitude of mediation
Comparison of the fit to our data of mediated versus non-

mediated models revealed significantly better fit for mediated
models. Furthermore, significant relationships between vaso-
motor symptoms and next-day mood were smaller when
sleep problems were added as a mediator. Although this
reduction was relatively small, occurrence of sweats/flashes
strongly predicted sleep problems on the same day, and sleep
problems strongly predicted increased negative mood and
decreased positive mood on the following day. This pattern
of findings suggests that although vasomotor symptoms may
cause or accompany sleep problems, and sleep disturbance
may contribute to next-day mood problems, trouble sleeping
is not the only, or perhaps even the most important, link
between vasomotor symptoms and mood. For example, as
reviewed by Amin et al,65 estrogen enhances serotonin
transmission in the brain, and serotonin is closely tied to
mood regulation. Furthermore, lowered serotonin level may
contribute to vasomotor symptoms,66 and serotonin agonists
are effective treatments.67 Therefore, low or fluctuating
estrogen levels could separately but simultaneously influence
both vasomotor symptoms and mood through changes in
serotonin level.

Limitations
Because all the relations tested in the current study are

based on purely observational data, we cannot legitimately
infer causality from the significant findings. It is possible that
other models would fit the dataVfor example, models in
which vasomotor symptoms mediate the effects of sleep
problems on mood. Sleep problems and symptoms were as-
sessed at the same measurement occasion each morning, so
our supposition that symptoms contributed to sleep problems
rather than vice versa is based primarily on two lines of re-
asoning: (1) the likelihood that vasomotor symptoms were
distributed throughout each 24-hour period,64 whereas sleep
problems occurred only at night (necessarily resulting in at
least partial temporal precedence for symptoms over sleep
disturbance), and (2) the lack in the literature of a proposed
mechanism by which sleep problems may directly cause
vasomotor symptoms.

Our sample was relatively small, as is true in many longi-
tudinal daily studies, and the participants were very highly
motivated. They were also wealthier and more educated than
average women are. Therefore, further study is needed to
determine whether these results would hold true in a larger
sample and in the general population.

Perhaps, the biggest limitation of the current study is our
reliance on self-report data rather than on physiological mea-
surements. Because of the extended recording period, it was
not practical to obtain physiological data. Previous studies
have documented that subjective and objective measures of
vasomotor symptoms and sleep problems are not always
significantly related to one another and often have different
patterns of relations with other variables. For example,
Thurston at al31 found that the numbers of subjective and

objective hot flashes recorded during a single night were
unrelated to one another and that subjective sleep disturbance
was significantly related to the number of subjective, but not
objective, hot flashes. In the current study, however, we
asked participants to record only whether any vasomotor
symptom had occurred since their previous daily report, but
not their number or intensity. We contend that this strategy,
which was adopted to minimize participant burden, likely
minimized the difference between objective and subjective
vasomotor symptom frequency.

Another measurement issue deserves attention. To reduce
distractions that might interfere with regular data collection,
we asked participants to record data first thing in the
morning. Therefore, a period of sleep occurred between data
recording and most moods or vasomotor symptoms that were
reported (although sleep problems were reported at the ideal
time). Memory is probably influenced during sleep,68 but
Fahrenberg et al69 reported the same patterns of relative
mood levels between multiple mood ratings on the target day
and mood summaries made on the morning of the following
day. Thus, because relative ranks are more important than
absolute levels in our analyses, memory effects during sleep
may be relatively unproblematic.

CONCLUSIONS

Despite its limitations, our study is the first to report long-
term prospective daily associations among self-reported
vasomotor symptoms, sleep problems, and mood. Our results
suggest that although the domino hypothesis may be true in
some casesVvasomotor symptoms may cause sleep prob-
lems, which, in turn, cause mood disturbances some of the
time for some womenVthat is not the whole story. Control-
ling for sleep problems did not eliminate the predictive value
of vasomotor symptoms on mood, consistent with an effect
of symptoms independent of sleep. Furthermore, trouble
sleeping was a better predictor of mood than vasomotor
symptoms were, but only when measured over time within
individual participants. Thus, clinicians will likely need
multiple daily assessments of sleep, vasomotor symptoms,
and mood to determine whether and how they are related
within individual women.
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