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Abstract

Objective—Identify symptom clusters that characterize women’s experiences through the late
reproductive stage, the menopausal transition and early postmenopause; and explore the influence
of the menopausal transition stages and early postmenopause, compared to the late reproductive
stage, on the clusters of symptoms women experience.

Methods—~Participants from the Seattle Midlife Women’s Health Study whose symptom
calendars were staged for menopausal transition provided data for a total of 6857 occasions.
Multilevel latent class analysis was used to identify classes using scores for hot flashes and
symptom factors (sleep, cognitive, mood, pain, tension).

Results—Class 1 included observations of low severity levels for all symptoms, whereas class 2
included low severity hot flashes and moderate severity levels for all other symptom factors. Class
3 included high severity hot flashes with lower severity levels of all other symptom factors.
During the early and late menopausal transitions stages and early postmenopause, the likelihood of
being in class 3 was significantly greater than being in class 1 relative to the late reproductive
stage. There were no significant effects of menopausal transition stages on the likelihood of being
in class 2.

Conclusions—This effort is the first to examine latent classes or clusters of symptoms over the
prolonged period from late reproductive stage through early postmenopause. As such, the data
contribute to understanding of symptom experiences beyond our early efforts to characterize the
late menopausal transition stage.
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Introduction

The majority of clinical trials for symptoms during the menopausal transition (MT) and
early postmenopause focus on management of hot flashes. Nonetheless, recent studies of
symptoms indicate that hot flashes co-occur with mood symptoms:234 and sleep
disruption®6 and that the effects of interventions may extend beyond hot flashes’. In
addition, complaints of cognitive and pain symptoms often accompany women’s
experiences of hot flashes82:10, yet these symptoms may not be considered in intervention
trials focusing on therapies for hot flashes.

Although investigators have not identified a true “menopausal syndrome” 11, there is
evidence that symptoms women experience during the menopausal transition tend to cluster
togetherl213.14 Symptom clusters are multiple symptoms that co-occur and may be related
to one another through a common mechanism or etiology, a common shared variance, or the
production of different outcomes than individual symptoms, e.g. pain, nausea, and fatiguel®.
Although symptom clusters may not be disease-specific, some may constitute a syndrome or
characterize a disease. Investigators have differentiated symptom clusters by type of
symptom, such as pain and fatigue, as well as by their severity and burden® and their
capacity to interfere with daily living?’.

Literature focused on symptom clusters emphasizes the importance of understanding
clusters as opposed to individual symptoms as foundational to developing appropriate
therapeutics that span multiple symptoms. Moreover, understanding factors associated with
a cluster vs. individual symptoms may reveal underlying mechanisms that precipitate or
enhance the severity of distress. For example, hot flashes and night-time awakening
experienced together may disrupt daytime functioning through difficulty concentrating and
irritability8, symptoms which, in turn, interfere with relationships and work roles8. When
hot flashes alone are considered as predictors of interference with work and relationships,
their effect is negligible, suggesting that their effects may operate through sleep disruption
or mood changes!8, Although symptom clusters during the menopausal transition have been
explored by other researchers'213, this work has focused on grouping of symptoms that are
similar in type, e,g, mood symptoms, vasomotor symptoms. To date, an exploration of the
clustering of symptoms of various types and severity (latent classes) has not been
accomplished for a period including the late reproductive stage through the postmenopause.

Our earlier investigation of symptom clusters during the late menopausal transition stage, a
period of peak prevalence and symptom intensity for many women, revealed four clusters of
symptom types and severity based on data from symptom diary ratings of the severity of hot
flashes, problem concentrating, joint aches, mood changes, and night-time awakening!4. The
four clusters were: low symptom severity for all symptoms except moderate severity joint
ache (65%), high severity for all symptoms except for moderate hot flashes (13%), high
severity hot flashes, night-time awakening, and joint aches (12%), and high severity problem
concentrating and joint ache (10%)4. In our efforts to extend our understanding of the types
of and stability of latent classes of women beyond just the late MT stage, we undertook
analysis of symptom clusters during the late reproductive stage of reproductive aging, the
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early and late stages of menopausal transition, and the early postmenopause to explore this
phenomenon throughout the menopausal transition and postmenopause.

The purposes of the analyses presented here were to:

1. Identify latent classes that characterize episodes of symptom severity during the
late reproductive stage, the menopausal transition and early postmenopause;

2. Explore the influence of the menopausal transition stages and early postmenopause,
compared to the late reproductive stage, on the episodes of symptom severity
clusters.

Sample and design

The current analysis used data from the longitudinal Seattle Midlife Women’s Health Study
(SMWHS). The SMWHS database includes participants with up to 20 years of follow-up. In
the original study 508 women were enrolled between 1990 and 1992. After completing an
initial in-person interview, 390 women consented to provide data annually by questionnaire,
daily menstrual calendar, and/or health diary. At the end of 5 years, 243 women consented
to continue to participate for an additional 5 years and 170 agreed to provide a first morning
urine specimen 8—12 times per year on day 6 of the menstrual cycle® 20, For the current
analyses, the data set contained data from 379 women who provided diary data on at least
one occasion.

Eligible participants (N=292/379, 77%) were those who contributed ratings of hot flash,
sleep, pain, mood, cognitive and tension symptoms from the health diaries on at least one
occasion beginning in 1990 and were in the late reproductive, early or late menopausal
transition stages, or early postmenopause during the course of the study. Women were
followed until they either dropped out or became ineligible. This length of time varied for
each woman. Of the 379 women, 87 (33%) were excluded from the analyses because they
could not be staged at any data point in the study. Inability to stage was due to the use of
hormones or chemotherapy, as well as being within three months of a pregnancy, or having
had a hysterectomy and/or bilateral oophorectomy. Women whose data were available for
analysis and were eligible for inclusion were midlife women with a mean age of 46
(SD=5.0) years at the beginning of the study, 15.8 years of education (SD=2.6), and a
median family income of $38,800 (SD=$15,000). Most (86%) of the eligible participants
were employed, 71% married or partnered, 22% divorced or separated or widowed, and 7%
never married or partnered. Eligible women described themselves as follows: 7% African
American, 9% Asian American, and 82% White. As seen in Table 1, women who were
included in these analyses compared to those who were ineligible were similar with respect
to employment status, marital status, age, and education. They differed significantly by
income and ethnicity: those who were included in the analyses had higher incomes and were
more likely to be White. Data obtained during any occasions of hormone use were not
included in the analyses presented here.
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Menopausal transition stages and early postmenopause—Menopausal transition
(MT) refers to the period of time leading up to the final menstrual period in which persistent
menstrual irregularity occurs?122.23, Using menstrual calendar data, menstrual patterns for
women not taking any hormones were classified according to stages of reproductive aging:
late reproductive, early menopausal transition or late menopausal transition based on staging
criteria developed by Mitchell, Woods and Mariella?4. Early postmenopause (PM) includes
the five years after the final menstrual period. The names of stages and the definition of
early PM match those recommended at the Stages of Reproductive Aging Workshop
(STRAW)25 and validated in follow-up studies by the ReSTAGE Collaboration26:27, The
STRAW criteria defines the stages as follows: early transition is characterized by a
persistence of a seven or more days difference between two consecutive cycle lengths; late
transition is characterized by an interval of amenorrhea of at least sixty days and early
postmenopause is defined as the first 5 years since the final menstrual period.2”

Symptoms—A 3-day health diary included 47 symptoms that were rated for severity over
the previous 24 hours on a 5-point Likert-type scale (0 = not present, 4 = extreme)17.
Women completed the diary over three consecutive days each month thru 2000 then
completed the diary 4 times per year (quarterly) thereafter. Women filled out the diary on
menstrual cycle days 5, 6, and 7 if they were still having periods; if not, on any consistent 3
days each month or each quarter. Ratings were averaged over 3 days.

Data analysis

Multilevel latent class analysis (MLCA) was used to determine empirically whether there
were distinct latent classes of symptomatology based on individual diary observations.
Traditional latent class analysis is a statistical method used to identify subgroups of related
cases that are not directly observed based on categorical or continuous observed variables.
This traditional method assumes independence whereas MLCA allows for the nested
structure of the diary data?8. The diary data are a nested structure because women may have
provided diary ratings of symptom severity on multiple occasions within one or more
menopausal transition stages. Therefore, the probability that an episode of symptom severity
will belong to a high symptom severity class vs. a low symptom severity class may vary
significantly across the MT stages.

Prior to performing the MLCA, the following five symptom factors were identified from a
principal components analysis (PCA) of 19 symptoms from the SMWHS health diary: sleep
(difficulty getting to sleep, night-time awakening, early morning awakening), pain
(backache, joint ache, headache), mood (depressed, mood changes, crying, irritable),
cognitive (problem concentrating, forgetful, irritable), and tension (panic, nervous, tension)
groups?®.

Using these five symptom factors identified from the PCA and hot flash as an individual
symptom, MLCA (Mplus V. 6) was used to specify 1-6 latent classes. Selection of the
optimal number of latent classes (best fitting model) was determined by entropy, the
statistical goodness-of-fit measures bootstrap likelihood ratio test (BLRT), and the Bayesian
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information criterion (BIC) and the underlying logical/substantive interpretation of the
resulting classes3. The BIC statistic, one of the most important criteria, balances
maximizing the likelihood and model parsimony. Lower BIC values typically reflect a better
fit31. The BLRT compares the distribution of the likelihood ratio test statistic from the initial
analysis to the likelihood ratio statistics from the bootstrap draws to compute a p-value. A
low p-value (<.05) indicates that the current model fits the data as well as or better than the
k-1 model®2. Entropy is a standardized measure of how accurately subjects, or in this case
observations, are classified. Entropy values range from 0 to 1 with > 0.9 seen as a better
classification33(Table 2). Once the optimal number of classes was selected, stage was added
as a covariate to determine if stage was a significant predictor of class membership. The
Mplus program uses an algorithm for multinomial logistic regression to identify latent
classes.

Using MLCA and fit indices for MLCA, a three class solution was the best fitting model
based on the BIC which declined substantially from the one-class to three-class model and
then began to stabilize. The class solutions for one to six latent classes are presented in
Table 2. The entropy provided additional support for the three-class model. Although the
posterior probabilities in the four-class model indicated an adequate model classification, it
did not add anything clinically significant to the model. The fourth class represented a slight
splitting of an existing class in the three-class model. We chose the three-class model as it
most substantially and parsimoniously explained the data in a theoretically meaningful way.

In the three class model seen in Table 3, the class with the largest proportion of observations
represented low severity responses and accounted for 74.9% of the sample (Class 1). The
other two classes were almost evenly split between responses. Class 2 included observations
of low hot flash severity with higher severity ratings for all other symptom groups and
accounted for 13% of the observations. Class 3 included observations of high hot flash
severity with lower severity for all other symptom groups and accounted for 12% of the
observations.

After determining the best fitting model, latent class membership was regressed on stage in a
multinomial logistic regression, to determine if stage was a significant predictor of class
membership. In the regression model the low symptom severity class (class 1) served as the
reference group. Relative to being in class 1, being in early and late MT stages increased the
likelihood of being in class 2 while being in early postmenopause reduced the likelihood of
being in class 2, but the effects were not statistically significant (p > .05).

Relative to being in class 1, being in either the early or the late menopausal transition stage
or early postmenopause versus being in the late reproductive stage increased the likelihood
of being in class 3 (high severity hot flashes, lower severity other symptoms) (See Table 4
for multinomial regression results). All stage effects (relative to late reproductive stage)
were positive, indicating an increased likelihood of being in class three relative to class one
during each of these stages. The strongest effect relative to being in the late reproductive
stage was being in early postmenopause, which increased the log odds of being in class 3 vs.
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class 1 by 3.117. In other words, women with a higher propensity for hot flashes vs. those
who experienced very low severity symptoms were 3 times more likely to be in early
postmenopause.

Discussion

During the menopausal transition women experience multiple symptoms, not only hot
flashes. Moreover these symptoms cluster together in ways that may inform decisions about
therapeutics. In the analyses presented here we determined whether there were empirically
derived distinct clusters of symptom severity episodes that women report when data
spanning the late reproductive stage through early postmenopause were included in the
analyses. We were able to identify three classes of symptom episodes that differed by
severity patterns of individual symptom factors (hot flashes, sleep, mood, pain, cognitive,
tension) and demonstrated that the likelihood of occurrence of the symptom classes differed
according to menopausal transition stages and early postmenopause compared to the late
reproductive stage. Class 1 included observations of low severity levels for all symptoms,
whereas class 2 included low severity hot flashes and moderate severity levels for all other
symptom factors. Class 3 included high severity hot flashes with lower severity levels of all
other symptom factors. During the early and late menopausal transition stages and early
postmenopause, the likelihood of being in class 3 was significantly greater than being in
class 1. There were no significant effects of menopausal transition stages on the likelihood
of being in class 2.

This effort is the first to examine latent classes or clusters of symptoms over the prolonged
period from late reproductive stage through early postmenopause. As such, the data
contribute to an understanding of symptom experiences beyond our early efforts to
characterize the late menopausal transition stagel?. In the study reported here we included
data from 19 symptoms as rated in over 6500 observations for periods of time up to 20
years.

The identification of a large class that included low severity symptoms of each type is
consistent with other studies of community-based populations34 including our prior analysis
of symptom clusters during the late menopausal transition stagel4. Of interest is the
symptom cluster (class 3) in which hot flashes constitute the symptom with the highest
severity ratings. This cluster suggests that there is a subset of observations characterized by
a single symptom with a severity rating that is distinctly higher than all other symptom
factors in the cluster. Moreover, membership in this class is uniquely associated with the
menopausal transition stages and early postmenopause. Although other symptom factors are
rated less severe than hot flashes, the mean severity levels suggest that sleep and pain
symptoms are somewhat more severe than the mood, cognitive and tension factor means.
These gradations in symptom severity may help account for the observations that some
women exhibit what has been labeled a “menopausal syndrome” in which other symptoms
are associated with moderate to severe hot flashes. Our findings are consistent with those of
Avis and colleagues!! who found no evidence for a universal menopausal syndrome that
included vasomaotor, psychological, and somatic symptoms. Nonetheless, we did identify a
cluster of symptoms that does include elevated sleep and pain symptoms, suggesting that
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there is a subset of women who experience these symptoms together. Our prior analyses of
sleep symptoms during the menopausal transition and early postmenopause identified an
elevated severity of night-time awakening during the late menopausal transition stage® as
was seen in the Penn Ovarian Aging Study population®. Moreover, low back pain symptoms
increased in severity during the early and late menopausal transition stage8. There is
evidence from other studies of midlife women linking sleep symptoms with pain
symptoms32:36, Whether sleep disruption and pain symptoms represent a discrete cluster of
symptoms that co-occurs with vasomotor symptoms in a subset of women during the
menopausal transition and whether the sleep and pain symptoms are related to changing
biology during the menopausal transition remains to be determined

The prevalence of observations in class 2, indicating low severity hot flashes coupled with
higher severity sleep, pain, mood, cognitive, and tension symptoms would suggest that
although some women do not experience severe hot flashes, they do experience other
distressing symptoms during the menopausal transition and early postmenopause. The
relatively modest severity levels of these symptoms likely indicates increased levels of
distress in comparison to that associated with the observations in class 1. Thus it is
important to recognize that although women do not complain of hot flashes, they may be
experiencing other symptoms which they may perceive as bothersome or which interfere
with their everyday lives. This would be consistent with our observations as well as those of
others that different types of symptoms may be more bothersome to women? or may
interfere more with different aspects of life, such as relationships or work!.

Limitations of this study include the under-representation of women from lower
socioeconomic status and ethnic groups (as seen in Table 1), which may limit the
generalizability of these findings to some women. The overall relatively low severity scores
on the symptoms as seen in Table 3 (2.2 on hot flashes on a 0—4 scale being the highest)
may have impacted the results, again limiting the ability to generalize to a population with
more severe symptoms.

Conclusion

In summary, we have identified three latent classes of episodes of symptoms which women
experience differentially according to their progression through stages of reproductive aging.
The class of symptoms with more severe hot flashes relative to other symptoms (class 3) is
more likely to be experienced during the early and late menopausal transition stages and
early postmenopause when compared to the largest class with low severity symptoms of
each type (class 1). Another class of symptoms represents a more generalized type of
distress, with pain, sleep, mood, tension, and cognitive symptoms being more severe than
hot flashes (class 2). Because all three classes of symptoms are likely to occur during the
menopausal transition and early postmenopause, women will benefit from clinicians
attending to the specific groups of symptoms they experience and considering multi-
symptom approaches to therapeutics.
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M hot flash
Hsleep

M pain

E mood

M cognitive
M tension

Mean symptom severity level according to class. Means were calculated from symptom
severity ratings provided from all occasions during the late reproductive, early and late
menopausal transition, and early postmenopause. Each class contains data from all stages.
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Characteristics of Sample at Start of Study (1990-1991): Women whose data were eligible for inclusion in the
Latent Class Analysis compared to those whose data were not eligible

| Eligible Women (n=292)

Ineligible Women (n=87)

Characteristic Mean (SD) Mean (SD)
Age (years) | 46 (5.0) | 44.3 (6.7)
Years of education | 15.8 (2.6) | 15.3(2.7)
Family income ($) | 38,800 (15,000) | 35,600 (17,400)
Characteristic | N (Percent | N (Percent
Currently employed

Yes 250 (85.6) 76 (87.4)

No 42 (14.4) 11 (12.6)
Race/ethnicity

African American 20 (6.8) 11 (12.6)

Asian/Pacific Islander 27 (9.2) 6 (6.9)

White 239 (81.8) 63 (72.4)

Other (Hispanic, Mixed) 6 (2.0) 7(8.1)
Marital Status

Married/partnered 205 (71.0) 63 (72.4)

Divorced/widowed/not partnered 65 (22.0) 18 (20.7)

Never married/partnered 22 (7.0) 6(6.9)
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Fit Indices of Latent Class Analysis for Symptoms: Late Reproductive Stage through Early Postmenopause

Model | No of free parameters | BIC BLRT (p) | Entropy
lclass | 12 72669.4 | NA NA
2class | 19 62670.9 | .000 .924
3class | 32 57879.0 | .000 .944
4class | 33 56368.3 | .000 .936
5class | 40 54877.2 | .000 941
6class | 47 53360.9 | .000 .948

Note: BIC: Bayesian information criterion; BLRT: Bootstrap likelihood ratio test
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Number of Observations and Mean (SD) Symptom Severity Scores from Late Reproductive Stage through
Early Postmenopause According to Latent Classes for 3 Class Model

Latent Classes

1 - low severity symptoms

2- low hot flash/moderate others

3 - high hot flash/moderate others

N (%) in class 5137(74.9) 894(13.0) 826(12.1)
Symptom Groups: M (SD)

Hot flash 0.121 (.02) 0.360 (.08) 2.206 (.09)
Sleep group 0.326 (.03) 1.185 (.10) 0.854 (.07)
Pain group 0.609 (.04) 1.353 (.07) 0.960 (.09)
Mood group 0.204 (.02) 1.166 (.06) 0.373 (.04)
Cognitive group 0.200 (.03) 1.174 (.09) 0.557 (.08)
Tension group 0.176 (.02) 1.114 (.11) 0.353 (.06)
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Effects of stage on Latent Class Membership: Multinomial Logistic Regression Results Comparing Class 2 to
Class 1 and Class 3 to Class 1

Class 2 (n=894)
Variables | b-coefficient | Odds Ratio | 95% CI P-value
Stage 3 0.146 1.157 -0.301-0.592 | 0.591
Stage 4 0.251 1.286 -0.306 - 0.808 | 0.458
Stage 5 -0.451 0.637 -1.188-0.286 | 0.314
Class 3 (n=826)
Variables | b-coefficient | Odds Ratio | 95% CI P-value
Stage 3 1.039 2.828 0.195-1.884 0.043
Stage 4 2.382 10.829 1.689 - 3.075 0.000
Stage 5 3.117 22.589 2.372-3.863 0.000

Note: Stage 3 — early menopausal transition (MT); Stage 4 — late MT; Stage 5 — early postmenopause. The exposure reference group was late
reproductive stage.

Low symptom group (class 1) was used as the referent group (n=5137)
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