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Abstract

Objectives—The purpose of this study was to identify the clusters of midlife women by sleep-

related symptoms in multi-ethnic groups and to examine racial/ethnic differences in the clusters.

Method—This secondary analysis was conducted on the data from 1,054 midlife women who 

participated in two cross-sectional descriptive national Internet Surveys. The instruments included 

questions on background characteristics and health and menopausal status and the Sleep Index for 

Midlife Women. The data were analyzed using hierarchical clustering methods, chi- square tests, 

ANOVA and multinomial logistic regression analyses.

Results—The four cluster solution was adopted: Cluster 1 (low total symptoms), Cluster 2 (high 

physical and psychosomatic symptoms), Cluster 3 (high psychological symptoms), and Cluster 4 

(high total symptoms). There were significant differences in the level of education, employment 

status, family income, social support, country of birth, race/ethnicity, BMI, perceived general 

health, diagnosed disease, access to health care, and menopausal status among the clusters (p<.05). 

In Clusters 1, there were significant racial/ethnic differences in the total numbers and total severity 

scores of total symptoms and physical symptoms (p<.01). In Cluster 3, there were significant 

racial/ethnic differences in the total numbers of total symptoms and the severity scores of 

psychosomatic symptoms. Also, there were significant associations of race/ethnicity to individual 

symptoms in each cluster and significant racial/ethnic differences in individual symptoms in each 

cluster.

Conclusions—The racial/ethnic associations and differences need to be considered in 

development of future interventions related to midlife women's sleep-related symptoms.
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Introduction

In their menopausal transition, midlife women experience a variety of symptoms mainly due 

to changes in their hormone levels.1 A typical type of symptoms experienced by midlife 

women are sleep related-symptoms; about 16%∼42% of premenopausal women and 

35%∼60% of postmenopausal women reportedly experience sleep difficulties.2 Researchers 

have reported that midlife women's self-reported symptoms of difficulty falling asleep and 

difficulties staying asleep increase as their menopausal transition moves forward.3

An increasing number of studies begin to report significant racial/ethnic differences in 

menopausal symptoms, but very few studies have been conducted on racial/ethnic 

differences in sleep-related symptoms experienced in menopausal transition.4 Despite the 

small number of studies on sleep-related symptoms, certain racial/ethnic differences in 

sleep-related symptoms experienced in menopausal transition have been reported. Hispanics 

are more likely to have snoring symptoms and report longer sleep duration compared with 

Non-Hispanic (NH) Whites.4 However, because of the small number of studies on the racial/

ethnic differences, further studies are warranted to clarify the association of race/ethnicity to 

the sleep-related symptoms experienced in menopausal transition through diverse 

approaches.

A cluster analysis is being widely used to categorize people with similar characteristics, 

subsequently identifying the association of specific factors to being included in the 

category.5 Categorizing midlife women who report similar sleep-related symptoms, and 

finding racial/ethnic differences in the clusters would be helpful in identifying the 

association of race/ethnicity to sleep-related symptom experience of midlife women during 

their menopausal transition.5 However, cluster studies have rarely been conducted on the 

sleep-related symptoms; virtually none was identified in the PUBMED searches. Instead, 

several cluster studies have been done on general menopausal symptoms reported by midlife 

women. For instance, the cluster analysis conducted by Cray, Woods, and Mitchell 6 

indicated similar factor structures of menopausal symptoms across different menopausal 

stages, which included a mood component, a vasomotor component, and a pain component. 

Another example of a cluster analysis study on general menopausal symptoms is by Mishra 

& Kuh7; they analyzed the data of 695 midlife women in England, Scotland, and Wales 

using factor analysis and latent class analysis, and reported four clusters of menopausal 

symptoms including psychological, somatic, vasomotor, and sexual discomfort symptoms. 

Therefore, this study is one of the first cluster studies to examine the associations of race/

ethnicity to sleep-related symptoms experienced by midlife women during their menopausal 

transition.

The purpose of this study was to identify the clusters of midlife women by sleep-related 

symptoms in multi-ethnic groups (Aim #1) and to examine racial/ethnic differences in the 

clusters (Aim #2). In this paper, “symptom experience” is defined as “subjective experiences 

reflecting changes in a person's bio-psycho-social function, sensation, and cognition”.9 

Subsequently, “sleep-related symptom experience” means “subjective experiences reflecting 

changes in a person's bio-psycho-social function, sensation, and cognition due to sleep 

difficulties.” Here, a broad definition of sleep-related symptoms was taken; sleep-related 
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symptoms refer to symptoms due to sleep disorders that are defined as “problems with 

sleeping, including trouble falling or staying asleep, falling asleep at the wrong times, too 

much sleep, or abnormal behaviors during sleep.”2 This is a secondary analysis of the data 

from two larger studies including four major racial/ethnic groups of midlife women in the 

U.S. (NH Whites, NH African Americans, NH Asians, and Hispanics). The original studies 

were Internet-based survey studies where the data were collected nationally through the 

Internet.

The UCSF symptom management model10 was used to theoretically guide this study. This 

model has been widely used in studies on symptom experience in various health care 

fields.10-12 The model consists of three major domains, three major concepts, and several 

related sub-concepts based on a literature review.10 The three domains include: person, 

health and illness, and environments. The three major concepts include: symptom 

experience, symptom management strategies, and outcomes. These major concepts include 

several sub-concepts. We targeted to identify the clusters of midlife women by sleep-related 

symptoms (a sub-concept of the major concept of symptom experience) in multi-ethnic 

groups (Aim #1) and to examine the influences of race/ethnicity (a sub-concept of the major 

domain of person) on sleep-related symptom experience (a sub-concept of the major concept 

of symptom experience)(Aim #2).

Methods

As mentioned above, this secondary analysis was conducted on the data from two cross-

sectional descriptive national Internet Surveys. The study was approved by the institutional 

review board of the institutions that the researchers were affiliated.

Samples and Settings

This study included the data from a total of 1,054 midlife women (316 Non-Hispanic [N-H] 

Whites 255 Hispanics, 250 N-H African Americans, and 233 N-H Asians). Included were 

midlife women who were aged 40 to 60 years, who were able to read and write English, and 

who self-identified their ethnic identity as N-H White, Hispanic, N-H African American or 

N-H Asian. About 95% of the visitors at the project website participated in the study. 

Because this was a secondary analysis, the sample size was pre-determined. According to 

Formann,13 the least number of cases for a cluster analysis is no less than 2k cases (k=the 

total number of variables), but preferably over 5*2k. Thus, the pre-determined sample size 

from the original studies was enough for a cluster analysis because we used three sub-scale 

scores of the sleep-related symptoms.

Instruments

Multiple instruments were used in the original studies. For this analysis, only the data from 

the following instruments were analyzed.

Background characteristics, health status, and menopausal status—Questions 

on background characteristics included items on age, education, employment, family 

income, marital status, number of children, social support, and country of birth and self-
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reported ethic identity. Family income level was defined as the ability to pay for basic 

necessities (e.g., food, clothing, and shelter) and was categorized into “not hard,” “somewhat 

hard,” and “very hard.” Social support was defined as the amount of support received from 

family members, relatives, or friends, and was measured using one item on four-point 

ordinal scale: “none of the time,” “a little of the time,” “some of the time,” and “most of the 

time.”

The women's health status was measured by questions on body weight and height and by a 

Likert scale item on perceived general health (1 = very unhealthy to 5 = very healthy). Also, 

two items about diagnosed disease(s) and having no access to health care were included. To 

determine the women's menopausal status, seven items on the last menstrual cycle, 

menstrual regularity, and menstrual flow were used. When a woman had menstruation in the 

last 3 months, with no regularity change, she was considered as pre-menopausal. When a 

woman had menstrual bleeding in the previous 3 months, but had experienced increasing 

irregularity in cycle length over the past year, she was considered as early peri-menopausal. 

When a woman had menses in the previous 12 months but not in the previous 3 months, she 

was considered as late peri-menopausal. Finally, when a woman had no menstruation in the 

last one year, she was considered as post-menopausal.

The Sleep Index for Midlife Women (SIMW)—The Sleep Index for Midlife Women 

(SIMW) was adopted from the Midlife Women's Symptom Index (MSI).14 The original MSI 

includes 71 items on physical, psychological, and psychosomatic symptoms that midlife 

women could experience during their menopausal transition. The SIMW includes only 24 

items to measure sleep-related symptoms in three categories (physical, psychological, and 

psychosomatic symptoms). These items were selected through an extensive literature review 

on symptoms related to sleep quality in general such as sleep disorders, chronic pain, mood 

disorders, and vasomotor symptoms.15-20 Again, we took a broad definition of sleep-related 

symptoms, and sleep-related symptoms refer to symptoms due to sleep disorders.2 Five 

items (poor appetite, painful swollen joint, back pain, night sweats, and night time urination) 

were categorized as physical symptoms. Fifteen items (feeling clumsy, feeling unhappy, 

often crying, feeling depressed, worrying gets you down, upset or irritated, feeling grouchy, 

feeling anxious, tense, or nervous, keyed up, jittery or restless, feeling panic, worrying about 

body, decreased sexual interest, loss of interest, problem in concentration, and being 

forgetful) were included as psychological symptoms. Four items (severe headache, 

dizziness, exhaustion or fatigue, and difficulty in falling or staying asleep) were included as 

psychosomatic symptoms.

The individual item has two parts: (a) a prevalence part on a dichotomous item (1 = yes; 0 = 

no) and (b) a severity part on a 6-point Likert scale item (0 = no symptom∼5 = extremely). 

The total number of all the symptoms included in the SIMW was calculated as the total 

number of total symptoms (0∼24). The total number of the symptoms in individual 

categories was also calculated as the total number of physical (0∼5), psychological (0∼15), 

and psychosomatic symptoms (0∼4). The total severity scores were also calculated by 

summing the severity scores of all the items in the SIMW (0∼120). Then, the total severity 

scores of the symptoms in individual categories were calculated by summing the severity 

scores of the items in each category (the total severity scores of physical [0∼25], 
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psychological [0∼75], and psychosomatic symptoms [0∼20]). Higher scores indicate more 

prevalent and severe symptoms. The Cronbach's alpha of the SIMW was .90 (the prevalence 

part) and .93 (the severity part) in this study.

Data Collection Procedures

For the original studies, project websites were developed, and the websites conformed to the 

Health Insurance Portability and Accountability Act (HIPAA) and the SysAdmin, Audit, 

Network, Security (SANS)/Federal Bureau of Investigation (FBI) recommendations. When a 

woman visited the project websites first, she was mandated to review informed consent 
sheets and give her consent to participate. Then, she was checked against the inclusion 

criteria and the quota requirement, and linked to the Internet survey site if she met the 

criteria. She was required to enter her answers through the Internet.

Data Analysis

De-identified data from the original studies were analyzed using SPSS (version 19.0) 

software. Only those with less than 10% missing fields were included. First, to determine the 

clusters of women with sleep-related symptoms, hierarchical clustering methods were used 

with an agglomerative approach and the average linkage between clusters. Three categories 

scores of sleep-related symptoms (physical, psychological, and psychosomatic symptoms) 

were used for hierarchical clustering methods. We computed Z scores of the sum of each 

sub-category score to standardize continuous variables, and identified outliers.21 The 

research team used the Dendrogram and the variance ratio criteria to determine which 

clusters could be combined.21,22 To validate the cluster solution, ANOVA was used (the 

cluster as the independent variable and sleep-related symptoms as the dependents 

variables).21 Chi-square tests and multinomial logistic regression analyses were used to test 

differences in background characteristics, perceived general health, and menopausal status 

among the identified clusters.

Initially, each independent variable was tested through a univariate regression model. 

Independent variables with p-values of less than .05 from the likelihood ratio chi-square 

tests were identified. Then, they were included in a multivariable regression model. To check 

possible multicollinearity,17 we screened the correlations among independent variables, 

variance inflation factors, and tolerance values for the model, and determined that 

multicollinearity was not a concern for this model. As an indicator of the model fit, we used 

the likelihood ratio chi-square of 287.28 with a p-value < .01. To determine racial/ethnic 

differences in the sleep-related symptoms in each cluster, the analysis of covariance 

(ANCOVA) was employed using the general linear model to adjust independent variables 

that were significantly different among the four racial/ethnic groups in univariate analyses. 

Differences were regarded as statistically significant when p-values were smaller than 0.05.

Results

Characteristics of the Participants

Background characteristics and health and menopausal status of the participants are 

summarized in Table 1. The average age of the participants was 48.97 years (SD=5.69). The 
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proportion of those with high education (college and graduate degrees) was 86.6%, and the 

proportion of those with low family income (hard to pay the basics) was 17.6%. About 70% 

were married or partnered, and about 70% were born in the United States.

Clusters of Midlife Women by Sleep-related Symptoms

The number of clusters was identified based on the Dendrogram and the variance ratio 

criteria. The minimum number of the clusters that could be selected was four in this analysis 

(Figure 1). Forty-six percent of the participants were categorized into Cluster 1 (low total 

symptom group); 19.8% were categorized into Cluster 2 (moderate physical and 

psychosomatic symptom group); 19.8% were categorized into Cluster 3 (moderate 

psychological symptom group); and 13.8% were categorized into Cluster 4 (high total 

symptom group). There were significant differences in the total number and total severity 

scores of sleep-related symptoms among the four clusters (p<.01)(Table 2).

Differences in Characteristics among Clusters

No significant differences among the four clusters were found in age, marital status, and 

number of children. However, there were significant differences in education, employment 

status, family income, social support, country of birth, race/ethnicity, BMI, perceived 

general health, diagnosed disease(s), access to health care, and menopausal status among the 

clusters (p<.05)(Table 1). The women in the low symptom group (Cluster 1) tended to report 

their family income as “not hard to pay for basics”, identify themselves as Asian American, 

have high social support, have no diagnosed disease, perceive their general health as healthy, 

and be pre or post menopausal.

Table 3 summarized the results of the multinominal logistic regression analyses to identify 

the predictors of being in Clusters 1, 2, 3 and 4. Compared with being in the low total 

symptom group (Cluster 1), being in the moderate physical and psychosomatic symptoms 

group (Cluster 2) was significantly associated with being Asian American, being obese, 

perceiving their general health as unhealthy, having no access to health care, and being in 

early/late peri menopausal status. Compared with being in the low total symptom group 

(Cluster 1), being in the moderate psychological symptom group (Cluster 3) was 

significantly associated with having low family income, having low social support, 

perceiving their general health as unhealthy, having a diagnosed disease, having no access to 

health care, and being early/late peri menopausal. Comparing with being in the low total 

symptom group (Cluster 1), being in the high total symptom group (Cluster 4) was 

significantly associated with having low family income, having low social support, 

perceiving their general health as unhealthy, having a diagnosed disease, having no access to 

health care, and being early/late peri menopausal or post menopausal.

Racial/Ethnic Differences in Sleep-Related Symptoms by Cluster

Table 4 summarizes racial/ethnic differences in the total number, total severity scores, and 

three sub-scale scores in each cluster (ANCOVA tests). There were no significant racial/

ethnic differences in the total number and total severity scores in the moderate physical and 

psychosomatic symptom group (Cluster 2), in the moderate psychological symptom group 

(Cluster 3), and in the high total symptom group (Cluster 4). However, only in the low total 
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symptom group (Cluster 1), there were significant racial/ethnic differences in the total 

number and total severity scores of physical symptoms (p<.01). In the low total symptom 

group, White and African women had higher total number and higher total severity scores of 

physical symptoms than Hispanic and Asian women (p<.01). When racial/ethnic differences 

in individual symptoms in each cluster were determined, there existed no consistent racial/

ethnic differences. Rather, there existed a few racial/ethnic differences in some individual 

symptoms, which could be mainly due to multiple comparisons that were conducted in the 

analyses.

Discussion

The findings reported in this secondary analysis agree with some previous studies that 

reported racial/ethnic differences in sleep-related symptoms.4, 23, 24 The finding of this study 

on Asian women's sleep-related symptoms agrees with that of the previous studies; 

compared with other racial/ethnic groups, Asians reported significantly lower total numbers 

and total severity scores of sleep-related symptoms and lower frequencies and severity 

scores of some individual symptoms. However, the finding that Hispanic women had lower 

total number of sleep-related physical symptoms compared with White and African 

American women is different from the literature reporting that Hispanics had significantly 

higher numbers and severity scores of sleep-related symptoms compared with other racial/

ethnic groups.4

The finding on significant racial/ethnic differences only in the low total symptom group 

needs to be highlighted. The finding supports that racial/ethnic differences become 

prominent when midlife women experience low total number and low total severity scores of 

total symptoms. As many researchers working with midlife women have suggested,1, 25-29 

understanding on symptoms experienced during menopausal transition, including sleep-

related symptoms, needs to be based on contextual understanding of a woman's life and her 

psychological state, psychological influences, cultural and social background, social 

contexts, the microenvironment of the household, and the aging process. Maybe in the low 

total symptom group, the influences of these contextual factors could be more prominent 

than in other moderate or high symptom groups in some reasons.

The findings of this study also support multiple predictors of sleep-related symptoms that 

have been reported in the literature. Studies have reported that sleep-related symptoms are 

associated with multiple factors including chronic stress, psychological symptoms (anxiety, 

depression), low self-perceived health, vasomotor symptoms associated with menopause 

(hot flashes, night sweats), underlying sleep disorders (apnea, restless leg syndrome), 

musculoskeletal pain, medication side-effects, etc.30-36 The findings reported in this paper 

support some of these predictors such as race/ethnicity (specifically not being Asian 

American), obesity, perceived general health, social support, diagnosed disease(s), access to 

health care, and family income.

The literature is clear that midlife women have different sleep experiences throughout their 

pre-menopausal, peri-menopausal, and post-menopausal periods.36,37 Menopausal status has 

been reported to be a significant predictor associated with sleep-related symptoms, 37,38 
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which is supported by the findings of this analysis. Across the clusters that we found in this 

secondary analysis except the low total symptom cluster (Cluster 1), being in early/late peri 

menopause was significantly associated with being in each cluster. Studies have reported 

that peri-menopausal women are more likely to report poor sleep quality compared to pre- 

and post-menopausal women due to sleep onset latency and lack of sleep efficiency.34

This study has some limitations due to the inherent nature of a secondary analysis. First of 

all, because the original studies were Internet survey studies, the participants tended to be 

highly educated, married, and employed women. Also, the participants did not represent all 

sub-ethnic groups within individual racial/ethnic groups, and the data were self-reported 

data. Thus, there could exist some selection bias. Second, there was no control of the sample 

size and variables because this was a secondary analysis. Finally, there could exist some 

limitations due to multiple comparisons conducted in this study. As described above, the 

racial/ethnic differences found in some individual symptoms did not show consistent 

patterns, which we interpreted as a result of multiple comparisons that were conducted with 

four clusters, four subscales of symptoms, and four racial/ethnic groups.

Conclusions

This study indicated four clusters of midlife women by their sleep-related symptoms during 

menopausal transition, and reported racial/ethnic differences in the total number and total 

severity scores of physical symptoms only in the low total symptom group (p<.01). The 

study supported significant associations of selected predictors to the women's sleep-related 

symptoms as well. Based on the study findings, we propose the following implications for 

future research and practice with midlife women experiencing sleep-related symptoms in 

their menopausal transition. First of all, in future intervention development for and health 

care practice with midlife women in menopausal transition, researchers need to consider that 

racial/ethnic differences could be prominent in midlife women with low sleep-related 

symptoms. Also, to make an intervention effective for midlife women in menopausal 

transition, the predictors of their sleep-related symptoms by symptom cluster need to be 

considered and incorporated into the intervention design. Finally, racial/ethnic differences in 

midlife women's sleep-related symptom experience by symptom cluster need to be further 

examined as this paper adds some new findings.
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Figure 1. The distributions of participants by cluster solution (two, three, four and five cluster 
solutions)
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Table 3

Differences in background characteristics among the clusters.

Variables Cluster 2 Vs Cluster 1 Adjusted 
OR(95% CI)

Cluster 3 Vs Cluster 1 Adjusted 
OR (95% CI)

Cluster 4 Vs Cluster 1 Adjusted 
OR (95% CI)

Family Income

 Very Hard 1.82(1.07-3.09)* 4.18(2.15-8.13)**

 Somewhat hard 1.43(0.97-2.13) 2.56(1.47-4.48)**

 Not hard to pay 1.00 1.00

Social support

 None of time 2.45(1.47-4.07)** 2.36(1.15-4.82)*

 A little of the time 1.61(1.04-2.56)* 1.94(1.04-3.64)*

 Some of the time 1.20(0.74-1.94) 2.45(1.31-4.58)**

 Most of the time 1.00 1.00

Race/ethnicity

 Hispanic 0.98(0.61-1.57)

 N-H Asian 0.47(0.25-0.89)*

 N-H African 0.76(0.48-1.21)

 N-H White 1.00

BMI

 Overweight (25 to <30) 1.25(0.80-1.94)

 Obese (≥ 30) 1.70(1.10-2.63)*

 Normal 1.00

Perceived general health

 Unhealthy 1.57(1.03-2.41)* 1.53(1.0-2.34)* 4.18(2.60-6.73)**

 healthy 1.00 1.00 1.00

Diagnosed disease(s)

 Yes 1.65(1.15-2.36)** 2.04(1.30-3.21)**

 No 1.00 1.00

Access to health care

 No 1.80(1.02-3.17)* 1.83(1.06-3.15)* 1.97(1.01-3.84)*

 Yes 1.00 1.00 1.00

Menopausal Status

 Early/late peri 1.66(1.07-2.58)* 2.00(1.31-3.05)** 4.97(2.54-9.70)**

 Post menopause 1.35(0.89-2.05) 0.92(0.60-1.41) 2.65(1.37-5.13)**

 Pre menopause 1.00 1.00 1.00

Note. Cluster 1=low total symptom group/cluster 2=moderate physical and psychosomatic symptom group/cluster 3=moderate psychological 
symptom group/and cluster 4=high total symptom group.
Ten independent variables including education, employment, family income, country of birth, race/ethnicity, body mass index, perceived general 
health, diagnosed disease, access to health care, and menopausal status were adjusted and only significant variables were presented in this table.

*
p<.05,

**
p<.01
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