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Abstract
Background: Although there has been noteworthy attention to both depressed mood symptoms and majordepressive
disorder during the menopausal transition (MT), recently investigators have questioned whether there is an overpathologizing of the MT by emphasizing hormonal effects on depression and deflecting attention from the
everyday conditions of women’s lives as they relate to depressed mood. In addition, fluctuation of mood over
short periods of time may not be captured by measures of depressed mood symptoms such as the CESD, especially
when administered using a reference period such as a week or more. The purpose of this study was to examine the
association of menopausal transition factors, health-related factors, stress factors, social factors and symptoms with
repeated measures of depressed mood reported for a 24 h period.
Methods: Seattle Midlife Women’s Health Study participants (n = 291, 6977 observations) provided data from 1990 to
2013 including annual questionnaires, symptom diaries and urine specimens assayed for hormones several times per year.
Multilevel modeling was used to test bivariate and multivariable models accounting for depressed mood severity.
Results: In individual models with age as the measure of time, being in early postmenopause, exercising more, and
being partnered were associated with less severe depressed mood; greater perceived stress, having a history of sexual
abuse, difficulty getting to sleep, early awakening, and awakening at night were each associated with higher depressed
mood severity. In a multivariable model (n = 234, 6766 observations), being older, being in the early postmenopause,
exercising more, being partnered, were associated with less severe depressed mood; reporting greater perceived stress,
history of sexual abuse, difficulty getting to sleep and early awakening were associated with more severe depressed
mood.
Conclusions: Clinicians need to consider the context in which midlife women experience the menopausal transition
and mood symptoms as well as hormonal transitions during this part of the lifespan.
Keywords: Depressed mood, Menopausal transition stages, Early postmenopause, Urinary estrone, Health-related
factors, Stress factors, Social factors, Abuse history, Sleep disruption symptoms

Background
Gender differences in reports of depressed mood, as well
as episodes of major depressive disorder, have prompted
investigators to examine periods of biological variability
in women’s lives, such as phases of the menstrual cycle,
pregnancy and postpartum, and the menopausal transition (MT), as windows of vulnerability [1, 2]. Progress in
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understanding stages of reproductive aging has provided
a framework for understanding biological variability during the menopausal transition and early postmenopause
as related to depression and depressed mood [3–7].
Longitudinal studies of community-based cohorts
experiencing transitions of reproductive aging, including the
Melbourne Midlife Women’s Health Project (MMWHP)
[8], the Study of Women’s Health Across the Nation
SWAN) [9], the Penn Ovarian Aging Study (POAS) [10],
and the Seattle Midlife Women’s Health Study (SMWHS)
[11] included data on a variety of measures of depressed
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mood symptoms from multi-ethnic community-based cohorts of women studied annually (some more frequently)
for 20 years or longer. These studies have revealed a pattern
of increasing depressed mood symptoms during the menopausal transition. Massachusetts Women’s Health Study investigators had documented an increase in depressive
symptoms, measured by the Center for Epidemiologic Studies Depression Scale (CES-D), especially among women
who experienced a lengthy MT [12]. SWAN investigators
found that dysphoric mood symptoms, measured by 4 mood
symptoms, increased during early MT [13]. The Harvard
Study of Moods and Cycles investigators found an elevated
odds ratio (2.5) of experiencing depressive symptoms (CESD) during the MT vs premenopause (late reproductive stage)
[14] and POAS investigators reported elevated odds ratios
of 1.5 to 5.4, depending on women’s past history of depression [15, 16]. In addition, evidence supports a decrease in
negative mood as women transition to early postmenopause.
MMWHP investigators found an improvement in negative
mood, measured by 10 negative adjectives, during the late
MT stage and a decrease in negative mood as women progressed to PM [17]. POAS investigators found that reaching
the final menstrual period (FMP) played a pivotal role in reduced prevalence of depressive symptoms (CES-D) [18].
Patterns of increasing incidence of major depressive disorder mirror those of depressed mood symptoms. SWAN
investigators studying major depressive disorder found an
increase in prevalence of new depression during the MT
and early PM [19, 20].
Given the relationship seen between reproductive aging
stages and depressed mood, it is tempting to attribute this
association to hormonal changes. Investigations of the relationship of estrogen, testosterone, DHEAS, inhibin B,
LH and FSH levels and variability to depressed mood have
yielded a lack of definitive conclusions, likely attributable
to variability in the endocrine measures, their timing and
frequency, variability in the depressed mood measure and
various analytic strategies used to assess hormone effects
[21]. Nonetheless, there is some evidence implicating
some hormones: POAS investigators found evidence for
effects of increased levels of estradiol, FSH, decreased
levels of inhibin B and LH, and greater estradiol, LH, and
FSH variability on depressive symptoms (CES-D) [16, 17].
SWAN investigators found effects of both testosterone
levels and their increase during the MT on depressive
symptoms, but no associations between FSH or estradiol
levels and their changing levels with depressive symptoms
or with major depressive disorder [22, 23]. MMWHP investigators found declining estradiol levels were associated
with depressive symptoms in a sample of women studied
primarily during the PM [24].
The SMWHS team analyzed factors influencing depressive symptoms measured annually with the CES-D,
finding no significant relationships with urinary estrone,
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FSH, testosterone, or cortisol [25, 26]. Instead, depressive symptoms were a function of age (being younger)
and being in late MT stage when the severity of depressive symptoms increased. Hot flashes, life stress, family
history of depression, history of postpartum blues, sexual
abuse history, BMI, and use of antidepressants were also
related to depressive symptoms. Age at entry into and
duration of late MT stage were unrelated to depressive
symptoms. These findings suggest that factors accounting for depressive symptoms earlier in the life span, as
well as contemporary stressors, influenced depressive
mood symptoms during the MT.
Although there has been noteworthy attention to both
depressed mood symptoms and major depressive disorder during the MT, recently investigators have questioned whether there is an over-pathologizing of the MT
by emphasizing hormonal effects on depression and
deflecting attention from the everyday conditions of
women’s lives as they relate to depressed mood [27]. In
addition, fluctuation of mood over short periods of time
may not be captured by measures of depressed mood
symptoms such as the CESD, especially when administered using a reference period such as a week or more.
Indeed, investigators have recently used ecological momentary assessment, a data capture technique involving
repeated sampling made close in time to the experience
in naturalistic environments [28]. Moore and colleagues
found that among adults 65 years of age and older, sensitivity to change of the same symptoms of depressed
mood, anxiety, and mindfulness varied across two different assessment methods: ecological momentary assessment (EMA) and traditional paper and pencil measures.
Indeed, results indicated greater sensitivity of the ecological momentary assessment measures of depression,
anxiety, and mindfulness in response to a mindfulnessbased stress response intervention than a control intervention when the same symptoms were reported using
the same items administered by EMA and by paper and
pencil measures with a one week reference period.
The SMWHS team had obtained a single symptom
measure of depressed mood, defined as an emotional
state experienced over the past 24 h (reference period
was today), on multiple occasions throughout multiple
years of the study. Overnight urine samples were provided on the same day as the depressed mood rating and
assayed for a variety of endocrine measures (e.g. urinary
estrone-3-glucuronide (E1G)) [25]. The purpose of the
analyses reported here was to test a longitudinal model
of the effects of MT factors (menopausal transition
stages, estrone, FSH), health-related factors (alcohol use,
BMI, amount of exercise), stress factors (perceived
stress, history of sexual abuse), social factors (partner
status, number of live births), and symptoms (hot flashes
and sleep symptoms) on depressed mood severity
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reported for a 24 h period. (See Fig. 1). We hypothesized
that depressed mood would be positively related to perceived stress, history of sexual abuse, hot flashes, sleep
symptoms, BMI, alcohol use, and FSH levels, and negatively related to age, being in the early postmenopausal
stage, estrone levels, amount of exercise, being partnered, and number of live births.

Methods
Design

The data for these analyses are from a longitudinal study
of the MT, the Seattle Midlife Women’s Health Study
(SMWHS), described in greater detail elsewhere [29].
Women entered the cohort between 1990 and early
1992 when most were not yet in the MT or were in the
early stages of the transition to menopause. Eligibility
for the parent study included ages 35–55, at least one
ovary, a period within the previous 12 months, not
pregnant or lactating and able to speak and read English. Screening all households within selected multiethnic neighborhoods in Seattle (11,222 households)
yielded 820 women eligible for the study and 508
were able to participate in an interview during the recruitment window. After completing an initial inperson interview (n = 508) administered by a trained
Registered Nurse interviewer, participants (n = 390)
began providing data annually by questionnaire, menstrual calendar, and health diary. The health diary included a symptom checklist that included depressed
mood and other symptoms, as well as indicators of
health behaviors and stress. Diary data were obtained
on days 5, 6 and 7 of the menstrual cycle and a first
morning voided urine specimens was collected on day
6. The women provided urine specimens 8 to 12
times per year for endocrine assays (from late 1996
through 2000), and then quarterly for 2001–2005.
These data were in addition to an annual health
questionnaire and menstrual calendars.
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Sample

Eligible participants for this study (N = 291) were
those who contributed ratings of depressed mood severity from the health diaries beginning in 1990 and
were in either the late reproductive, early or late MT
stages, or within 5 years from FMP at data collection
during the course of the study. Women not eligible
for this study either did not keep a daily diary or
were not able to be classified into one of the eligible
stages due to hormone use, inadequate calendar data,
hysterectomy, chemotherapy or radiation therapy.
Women eligible for inclusion had a mean age of 41.5
(SD = 4.3) years at the beginning of the study, 15.9 years
of education (SD = 2.8), and a median family income of
$38,200 (SD = $15,000). Most (87%) were currently
employed, 71% married or partnered, 22% divorced or
separated or widowed, and 7% never married or partnered. They described their racial/ethnic identity as
African American (7%), Asian American (9%), and
White (82%). Women included in these analyses were
similar with respect to employment status, marital
status, and age to those who were ineligible. The only
significant differences between those who were included and those who were not were higher incomes,
greater likelihood to be White, and more years of
education than those in the study. (See Table 1). Data
obtained on any occasion when the woman was using
hormones were excluded.

Measures

Measures used in these analyses include: age; MT-related
factors (MT stages, urinary estrone and urinary FSH);
health-related factors (BMI, alcohol use and amount of exercise); stress factors (perceived stress and history of sexual abuse), social factors (number of live births and
partner status), symptoms (hot flash severity and sleep
symptoms) and depressed mood severity.

Fig. 1 Factors influencing depressed mood severity during the menopausal transition and early postmenopause
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Table 1 Sample characteristics at start of study (1990–1991) of
the eligible and ineligible women in the mixed effects modeling
analyses of depressed mood severity
Characteristic

Age (years)

Eligible
Women

Ineligible
Women

(n = 291)

(n = 217)

Mean (SD)

Mean (SD)

41.5 (4.3)

42.0 (5.0)

p value*

0.18

Years of education

15.9 (2.8)

15.3 (3.0)

0.03

Family income ($)

38,200 (15,000)

35,200 (17,600)

0.04

BMI wt kg/ht. m2)

25.3 (5.4)

27.1 (7.2)

0.002

Exercise (min/week)

187.8 (286.9)

179.0 (368.5)

0.76

Characteristic

N (Percent)

N (Percent)

p value**

Currently employed

0.42

Yes

254 (87.3)

184 (84.8)

No

37 (12.7)

33 (15.2)

20 (6.9)

38 (17.5)

Asian /Pacific Islander

27 (9.3)

16 (7.4)

White

238 (81.8)

153 (70.5)

Other (Hispanic, Mixed)

6 (2.1)

10 (4.6)

Race/ethnicity
African American

0.001

Marital Status

0.20

Married/partnered

278 (71.1)

141 (65.0)

Divorced/widowed/not
partnered

63 (21.7)

62 (28.6)

Never married/
partnered

21 (7.2)

14 (6.5)

Yes

264

174

No

26

42

Alcohol Use

0.001

*Independent t-test
**Chi-square test

Depressed mood severity

Depressed mood severity was assessed in the health
diary using one item that asked women to rate the severity of their feeling “depressed/sad or blue” on a scale
where 1 indicated not present, 2 mild, 3 moderate and 4
extreme. The reference period was for “today”. This single item has been validated in the PROMIS measures
[30–32].
Menopausal transition-related factors

Menopausal transition-related factors included MT stages
as well as urinary estrone glucuronide and FSH. Using
menstrual calendar data, women not taking any type of estrogen or progestin were classified according to stages of
reproductive aging: late reproductive, early MT, late MT,
or early PM, based on staging criteria developed by Mitchell, Woods and Mariella [11] and validated by the ReSTAGE collaboration [3–5]. The names of stages match

those recommended at the Stages of Reproductive Aging
Workshop (STRAW) [6]. The time before the onset of
persistent menstrual irregularity during midlife was labeled the late reproductive stage when cycles were regular.
Early stage was defined as persistent irregularity of 7 or
more days absolute difference between any two consecutive menstrual cycles during the calendar year, with no
skipped periods. Late stage was defined as persistent skipping of one or more menstrual periods. A skipped period
was defined as 60 or more consecutive days of amenorrhea during the calendar year [3–5]. Persistence means
the event, an irregular cycle or skipped period, reoccurred
one or more times in the subsequent 12 months. Onset of
early MT stage was the date of Day 1 for the bleeding segment when the irregularity criterion was first met. Onset
of late stage was the date of Day 1 of the first bleeding segment with skipping. Final menstrual period was identified
retrospectively after one year of amenorrhea without any
known explanation. The first day of the FMP is synonymous with the term menopause and was used to determine
age of onset of FMP. Early PM refers to the years within
five years of the FMP.
Urinary assays

Urinary assays were performed in our laboratories using
a first-voided morning urine specimen provided on day
6 of the menstrual cycle, if menstrual periods were identifiable. For women with no bleeding or spotting or extremely erratic flow, a consistent date each month was
used. Women abstained from smoking, caffeine use, and
exercise before the urine collection. All assays were adjusted for urinary creatinine which was assayed in urine
specimens using the method of Jaffe [33]. More assay
details are reported elsewhere [34].
Urinary estrone glucuronide (E1G)

Urinary estrone glucuronide (E1G) was selected to assess
estrogens because it is stable, can be reliably measured
without special preparation, and is highly correlated with
serum estradiol levels [35–40]. Urinary E1G was measured by a competitive enzyme immunoassay (EIA) that
cross-reacts 83% with estradiol glucuronide and less
than 10% with free estrone, estrone sulfate, estriol glucuronide, estradiol and estriol [35]. The assay is described
in detail elsewhere [41].
Urinary FSH

Urinary FSH was assayed using Diagnostic Products
Corporation (DPC) Double Antibody FSH Kit, using a
radioimmunoassay (RIA) was designed for the quantitative measurement of FSH in serum and urine [42]. The
procedure is described in detail elsewhere [41].

Mitchell and Woods Women's Midlife Health (2017) 3:11

Health-related factors

Health-related factors included women’s use of alcohol,
amount of exercise and BMI. Women were asked to indicate in the daily health diary whether or not they drank alcohol on that day (coded as 0 for no and 1 for yes). They
estimated their exercise in response to the question: how
many total minutes of non-work related exercise did you
do today? (walking, running, biking, swimming, aerobics,
sports, work out, gardening, yard work). In addition,
height and weight were reported annually from which the
BMI was calculated (wtkg/htm2).
Stress factors

Stress factors included perceived stress and history of
sexual abuse. Perceived stress was assessed in the diary
with a question “how stressful was your day?” that
women rated from 1 (not at all) to 6 (extremely, a lot).
Brantley, Waggoner, Jones, & Rappaport found that a
global stress rating and the sum of stress ratings across
multiple dimensions correlated significantly (r = .35, p
< .01) [43] Sexual abuse history was assessed by asking
“Have you ever been sexually assaulted, abused, or
molested?” These data were obtained in 1999–2002.
Also, beginning in 1996 and through the end of the
study, women were asked “during the past year did you
experience any sexual abuse or sexual assault?” A cumulative variable was created to represent any history of
sexual abuse or assault and coded as 1 for yes and 0 for
no at each data point.
Social factors

Number of live births and partner status were assessed
yearly from two items in the annual health questionnaire
as were income and employment status. Race/ethnicity
was established by self-report at beginning of the study.
Symptoms

Hot flashes severity and sleep symptoms were assessed
in the diary with single items that women rated from 0,
not present to 4, extreme. Sleep symptoms included difficulty getting to sleep, awakening during the night, and
early morning awakening.
Analyses

To determine which covariates in the conceptual model
(Fig. 1) had a significant effect when examined individually, bivariable mixed effects modeling was used. Finally,
to test the multivariable model to determine which
predictors had a significant effect on depressed mood
severity over time, those individual variables from the
bivariate analyses with a significance of p ≤ 0.1 were
entered together in a multivariable mixed effects
model [42–47].
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Before testing the conceptual model, an initial series of
statistical models tested age alone as a predictor of depressed mood severity to learn whether a random intercept, fixed slope model or a random intercept, random
slope model was the best fit. It was first postulated that
overall levels of depressed mood severity would differ
from woman to woman (random intercept), but the
scores would change with age in a common manner
(fixed slope). The second statistical model extended the
first to postulate that each woman had a different mean
level of depressed mood severity and rate of change
(random intercept, random slope). The best fitting
model (fixed slope or random slope) was determined by
using the maximum likelihood estimation with Akaike
Information Criterion (AIC) [48].
Using the best fitting model, individual covariates were
added iteratively to test the effect on depressed mood severity over time. Because these analyses were for exploration and to stimulate further mechanistic studies, a p
value of ≤0.10 was used as the criterion of significance
for the univariate model and ≤0.05 for the final model.
Different numbers of women and observations occurred
with each covariate tested because the analysis required
pairing observations of the outcome and predictor variables at each time point. In all analyses, age was centered at the group mean to enable the interpretation of
the effect of age on depressed mood severity.

Results
Participants whose data were included in these analyses
reported moderate levels of symptoms, with awakening
during the night and problems getting to sleep, depressed mood, early awakening, and hot flashes in decreasing order of average severity. There were large
standard deviations. Also 34% of these participants reported a history of sexual abuse. (See Table 2).
With age as a measure of time, a random intercept,
random slope model was used to test separately each covariate in the model for effect on depressed mood. Being
in the early PM was significantly and negatively associated with depressed mood as was reporting a higher
amount of exercise. In addition, perception of stress, history of sexual abuse, and each of the three sleep symptoms were associated with an increase in depressed
mood. Being partnered was negatively associated with
depressed mood. Age, estrone and FSH levels, BMI, alcohol intake, number of live births, and hot flash severity
were not associated significantly with depressed mood.
(See Table 3).
When the significant factors (p ≤ 0.1) from the univariate analysis listed above were included in a multivariate
model, perceived stress, history of sexual abuse, problem
getting to sleep, and early awakening significantly predicted an increase in depressed mood while increased
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age, being in the early postmenopause, greater amount
of exercise and being partnered were associated with a
decrease in depressed mood. (See Table 4).

Discussion
In a multivariable model, depressed mood severity reported for a 24 h period was not associated with age,
MT markers (reproductive aging stages, levels of estrone
or FSH), or symptoms of hot flashes or awakening at
night. Instead, factors reflecting the context of women’s
lives, including perceived stress, history of sexual abuse,
being partnered, amount of exercise, and sleep symptoms (early awakening, problem getting to sleep), were
associated with severity of depressed mood.
In the analyses presented here, depressed mood severity reported for a 24 h period was not related to any of
the MT markers. Although prior research has provided
limited evidence linking endocrine changes and the MT
stages to depressive symptoms and also to episodes of
major depressive disorder among women with no prior
history of depression, Freeman’s recent review concluded
that the contribution of the changing endocrine milieu
to the development of depressive symptoms was small
[21]. She reminded us that only a minority of women experience debilitating depressive symptoms during this
part of the lifespan and that hormonal change is not the
only factor to consider in disentangling the complex
pathways to depression.
There was not a significant relationship between hot
flashes and depressed mood over the past 24 h in the
diary-based data reported here. In contrast, Freeman’s
review [21] indicated that although the association between hot flashes and depressive symptoms predominantly measured with the CES-D was confirmed, the
direction of the relationship was unclear and evidence
for a relationship between hot flashes and major
Table 2 Sample characteristics at start of study (1990–1991) of
the eligible women in the mixed effects modeling analyses of
depressed mood severity
Characteristic

Eligible Women
Mean (SD)

Depressed mood severity (0–4)

0.41 (0.63)

Hot flashes (0–4)

0.11 (0.41)

Problem getting to sleep (0–4)

0.32 (0.67)

Awakening during the night (0–4)

0.57 (0.87)

Early morning awakening (0–4)

0.34 (0.66)

Perceived stress (1–6)

2.77 (1.09)

Characteristic

N (Percent)

History of sexual abuse (N = 233)
Yes

80 (34%)

No

153 (66%)
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depressive disorder was much less clear. Although hot
flashes predicted negative mood on the next day in
SWAN daily diary data, negative mood did not predict
hot flashes on the subsequent day [49]. On the other
hand, studies evaluating the risk of women with high
levels of depressive symptoms (CES-D) indicated that
depressive symptoms were likely to precede hot flashes
among women who had not experienced either type of
symptoms earlier in life [50, 51]. Women with consistently high levels of depressive symptoms in the SMWHS
(CES-D) were more likely to experience hot flashes than
those without more severe depressive symptoms [50].
Among POAS participants, 24% without high depressive
symptoms (CES-D) or hot flashes at baseline reported
depressive symptoms before reporting hot flashes over a
10 year follow up period, but only 8% reported hot
flashes before reporting depressive symptoms [51].
Sleep symptoms and depressed mood co-occur frequently among midlife women. Indeed, use of poor sleep
as one indicator of clinical depression makes it difficult
to determine whether there is a causal relationship between the two symptoms. Awakening during the night
was the only sleep symptom significantly related to MT
stages in the SMWHS [52], but in the analyses reported
here, both trouble getting to sleep and early awakening
were associated with depressed mood over the past 24 h,
while awakening during the night was not. Self-reported
difficulty sleeping was associated with next-day negative
mood in SWAN participants [49]. Burleson and colleagues tracked midlife women over 36 weeks during
which they experienced the highest weekly frequency of
vasomotor symptoms. They found that sleep problems
occurring on one day predicted next-day negative mood
(mean of 8 negative adjectives) more robustly than did
vasomotor symptoms [53].
In a review of studies of sleep and the MT, Shaver [54]
concluded that although the MT is associated with poor
sleep beyond that anticipated with aging, perceptions of
sleep are likely to be influenced by an emotional overlay
on symptom reporting. Depressed mood and poor sleep
are likely to be related in bidirectional ways [55]. Thus
attention to mood as a factor contributing to sleep problems as well as sleep problems contributing to mood experiences is warranted. Induced poor sleep has been
associated with more negative mood, but effects of improved sleep on mood during the MT remain to be examined. Induced poor sleep has been associated with
more negative mood, but effects of improved sleep on
mood during the MT remain to be examined. To date, a
single clinical trial of cognitive behavioral therapy for insomnia delivered by telephone to women who were experiencing the menopausal transition or early
postmenopause revealed that the treatment effect, when
compared to a menopause education control, had the
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Table 3 Random effects models for depressed mood severity with age as predictor (β2) and with individual covariates (β3)
Mean Values (p values)

Standard Deviations

Number

Predictor

βa1

βa2

βa3

σb1

σb2

σbε

Women

Observations

Age (47.7)

0.51

<0.001 (0.84)

–

0.49

0.03

0.60

291

6977

0.52 (<.001)

0.005 (0.25)

0.49

0.03

0.60

291

6977

Menopausal Transition Factors
MT-stage
Early

0.02 (0.56)

Late

−0.006 (0.88)
−0.10 (0.05)

Early PM
Estrone (1.3)

0.62 (<.001)

−0.01 (0.04)

−0.03 (0.32)

0.50

0.04

0.60

131

4908

FSH (1.1)

0.58 (<.001)

−0.01 (0.04)

−0.02 (0.23)

0.50

0.04

.060

131

4996

Health-related factors
BMI (26.0)

0.37 (<.001)

<0.001 (0.97)

0.005 (0.20)

0.49

0.03

0.60

291

6977

If drinks alcohol

0.51 (<.001)

<0.001 (0.84)

−0.001 (0.97)

0.49

0.03

0.60

291

6977

Amount of exercise

0.54 (<.001)

0.001 (0.69)

−0.001 (<.001)

0.49

0.03

0.60

291

6977

If partnered

0.58 (<.001)

<0.001 (0.87)

−0.11 (0.002)

0.49

0.03

0.60

291

6977

Number of live births

0.51 (<.001)

<0.001 (0.83)

−0.002 (0.93)

0.49

0.03

0.60

291

6977

Perceived Stress

0.06 (0.10)

0.008 (0.02)

0.18 (<.001)

0.47

0.03

0.58

291

6977

History of sexual abuse

0.42 (<.001)

<0.001 (0.82)

0.25 (<.001)

0.47

0.03

0.60

234

6766

Social factors

Stress

Symptoms
Hot flashes

0.50 (<.001)

<0.001 (0.88)

0.003 (0.78)

0.49

0.03

0.60

291

6977

Problem getting to sleep

0.42 (<.001)

−0.0003 (0.91)

0.24 (<.001)

0.44

0.03

0.59

291

6977

Early awakening

0.44 (<.001)

−0.003 (0.41)

0.13 (<.001)

0.47

0.03

0.59

291

6977

Awaken at Night

0.43 (<.001)

−0.002 (0.50)

0.11 (<.001)

0.47

.03

0.59

291

6977

β1, β2, β3 are the fixed effects (group averages) for the intercept, slope and covariate
b
σ1, σ2, σε are the random effects (variability) for the intercept, slope and residual error
a

greatest treatment effects on hot flashes for women who
had higher depression scores at baseline. Further analyses examining treatment effects on depressed mood
are in process (McCurry, personal communication).
Perceived stress and stressful life events during MT
have been associated with depressed mood in other cohorts [14, 23, 56]. SWAN investigators studied women’s
experiences of stressful and very stressful life events.
Using a scale of 18 items women rated as most stressful,
they found that women in the MT experiencing two or
more very stressful life events since the last study visit
(usually a one year period) reported the highest depressive mood score [23]. More recently Gordon and colleagues found that reports of very stressful life events
experienced by women in the MT during the six months
before study baseline were associated with depressive
symptoms (CES-D) over a year later [56]. Very stressful
life events included only the following six events: divorce
or separation from a partner, serious illness or death of a
close family member or close friend, a major worsening
in one’s financial status or major chronic financial

problems, being physically attacked or having one’s life
threatened, being sexually abused or assaulted, and being
arrested for a serious crime or having a mate or close
relative arrested for a serious crime [57]. Gordon and
colleagues proposed that estradiol variability may have
enhanced emotional sensitivity to these very stressful
events that influenced depressed mood in this sample of
midlife women 45–60 years of age [56, 58, 59].
The experience of sexual abuse has been included
among very stressful life events in earlier studies and
also associated with depressive symptoms in an earlier
SMWHS investigation using the CES-D [25] as well as
in the analyses of reports of depressed mood severity reported here. Sexual abuse history has not been associated with depressed mood in other cohorts of women
during the MT. Nonetheless, Allsworth and colleagues
found that history of sexual abuse or physical violence
was associated with the timing of the MT [60] and violence history with high FSH and low estradiol during the
perimenopause (MT), suggesting a plausible relationship
of sexual abuse to endocrine perturbation [61].
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Table 4 Final random effects model for depressed mood (diary)
with age as predictor and significant psychosocial and
hormonal covariates entered simultaneously (N = 234;
Observations = 6766)
Beta
Coefficient

Standard Error/
p
Standard Deviation value

Fixed effects
β1 intercept

0.05

0.05

0.34

β2 Age (−47.7) years

0.01

0.004

0.02

β3 Menopausal Transition
Stage
Early Stage

0.02

0.03

0.57

Late Stage

−0.01

0.04

0.77

Early PM
Β4 Perceived Stress

−0.10

0.05

0.03

0.16

0.008

<.001

Β5 History sexual abuse

0.18

0.06

0.002

Β6 Amount exercise

- < 0.001

0.0002

0.004

Β7 Problem getting to
sleep

0.19

0.01

<.001

Β8 Early Awakening

0.05

0.01

<.001

Β9 Awakening at night

0.02

0.01

0.09

Β10 If partnered

−0.11

0.03

0.001

Random effects
b1 Intercept σ1

0.39

b2 Age (−47.7) years σ2

0.02

bε residual σε

0.57

Factors that protect women from experiences of depressed mood include those considered part of one’s
health promotion practices, such as engaging in physical
activity and being in positive relationships. Sternfield
and colleagues found that midlife women participating
in an exercise trial experienced less severe depressive
symptoms than controls when measured by PHQ-8 [62].
Being in a relationship with a partner may serve as either a risk or protective factor depending on the nature
of the relationship [25, 63]. In analyses reported here,
being partnered had protective effects on depressive
symptoms. It is likely that the nature of the relationship
influences the experience of depressed mood: SWAN
participants who reported stressful relationships with
partners were likely to experience more depressive
symptoms [63].
Limitations of this study include relatively small numbers of women who provided urine specimens for hormonal assays (N = 131) compensated for in part by the
intensive measurement on multiple occasions, yielding
over 4,900 data points. SWAN provided data from a larger number of women from multiple sites in the US with
annual measures for most variables, including a daily
hormone study involving nearly 1,000 women. In
addition, the proportion of women in SMWHS with low

levels of education and income and a low proportion of
women of color limit our ability to generalize the results
broadly. SWAN and the POAS included a much more
representative population of women.

Conclusions
In conclusion, given the frequent and coincident measures of depressed mood and endocrine levels available
for our analyses, it is likely that estrone and FSH did not
play a major role in depressed mood severity reported
for the same 24 h period. Nonetheless, others have
found relationships when analyses were focused on the
MT stages or endocrine values and when using measures
of MDD or more severe depressive symptoms such as
those included in the CES-D and a longer reference
period. In addition, the results reported here afforded an
examination of the relationships among depressed
mood, urinary estrone and FSH levels, and perceived
stress, hot flashes and sleep symptoms obtained for the
same 24 h time period as recorded in a health diary,
conditions that have not been available to many other
investigators. We conclude that it is important for clinicians to consider the relationship of depressed mood to
everyday life, even during the MT when it is tempting to
attribute depressed mood to endocrine variability. These
findings bear replication in larger populations of women
and those in which ethnic/racial variability is maximized.
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