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Abstract

Purpose—~Poor sleep quality during pregnancy is associated with adverse obstetric and
neuropsychiatric outcomes. Despite its routine use as a sleep quality assessment scale among men
and non-pregnant women, the psychometric properties of the Pittsburgh Sleep Quality Index
(PSQI) have not been assessed among US pregnant women. We sought to evaluate the construct
validity and factor structure of the PSQI among 1,488 pregnant women.

Methods—A structured interview was used to collect information about demographics and sleep
characteristics in early pregnancy. The Patient Health Questionnaire-9 (PHQ-9) and the
Depression, Anxiety, and Stress Scale-21 (DASS-21) were used to assess symptoms of depression,
anxiety and stress. Consistency indices, exploratory and confirmatory factor analyses (EFA and
CFA), correlations, and logistic regression procedures were used.

Results—The reliability coefficient, Cronbach’s alpha for the PSQI items was 0.74. Results of
the EFA showed that a rotated factor solution for the PSQI contained two factors with eigenvalues
>1.0 accounting for 52.8% of the variance. The PSQI was significantly positively correlated with
the PHQ-9 (rs=0.48) and DASS-21 (rs=0.42) total scores. Poor sleepers (PSQI global score>5) had
increased odds of experiencing depression (OR=6.47; 95%CIl: 4.56-9.18), anxiety (OR=3.59;
95%Cl: 2.45-5.26) and stress (OR=4.37; 95%Cl: 2.88-6.65) demonstrating evidence of good
construct validity. CFA results corroborated the two-factor structure finding from the EFA; and
yielded reassuring measures indicating goodness of fit (comparative fit index=0.975) and accuracy
(root mean square error of approximation=0.035).

Conclusions—The PSQI has good construct validity and reliability for assessing sleep quality
among pregnant women.
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INTRODUCTION

Sleep complaints including poor sleep quality and disorders in pregnancy have been
associated with a myriad of adverse pregnancy outcomes including hyperemesis [1],
cesarean delivery [2], preterm delivery [2, 3], gestational diabetes [4], fetal growth
restriction [3], preeclampsia [2], placental abruption[5], antepartum depression, and suicidal
ideation [6]. On the basis of these observations, investigators have suggested that it may be
important to screen for and address sleep problems among pregnant women [7]. To that end,
the Pittsburgh Sleep Quality Index (PSQI), a widely used self-reported measure of sleep
quality with acceptable psychometric properties when used among men and non-pregnant
women [8-18], has been suggested as appropriate for use among pregnant women [7, 19].
However, the psychometric properties of the PSQI have not been adequately assessed among
pregnhant women. We are aware of only three published studies that have evaluated the
psychometric properties of the PSQI among pregnant women in Britain [19], Australia[7]
and Peru [5]. Given the dearth of studies documenting the psychometric properties of the
PSQI when used among preghant women, we sought to evaluate the psychometric properties
of the PSQI among pregnant US women during early pregnancy. We also assessed the
relationship of maternal early pregnancy sleep quality with measures of antepartum
depressive and anxiety symptoms as measured using the Patient Health Questionnaire-9
(PHQ-9) and the Depression, Anxiety, and Stress Scale-21 (DASS-21).

METHODS

Study Population

This study is based on 1,488 pregnant women enrolled in the Migraine and Pregnancy Study,
a prospective cohort study of pregnant women, during the period between November 2009
and March 2013. The Migraine and Pregnancy Study was designed to investigate the
relationship between maternal history of migraine and risk of developing preeclampsia later
in pregnancy. Participants were recruited from women attending prenatal care at clinics
affiliated with Swedish Medical Center in Seattle, Washington. Women were ineligible if
they initiated prenatal care after 20 weeks gestation, were younger than 18 years of age, did
not speak and read English, did not plan to carry the pregnancy to term, or did not plan to
deliver at Swedish Medical Center. The procedures used in the study were in agreement with
the protocol approved by the Institutional Review Board of Swedish Medical Center, Seattle,
WA. All participants provided written informed consent.

Data Collection

Participants completed a questionnaire administered by trained interviewers at enrollment in
early pregnancy. Interviewers were supervised by a multidisciplinary team of investigators
that included a study neurologist, epidemiologists and a perinatologist. Data were collected
via interviews not by self-administered questionnaires. Information regarding maternal
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socio-demographics, lifestyle characteristics, medical and reproductive history, migraine
status, symptoms of depression and anxiety, and sleep problems was collected. The
interview included a structured migraine assessment questionnaire adapted from the
deCODE Genetics migraine questionnaire (DMQ3)[20] and an assessment of disability
associated with headaches experienced before pregnancy.

Pittsburgh Sleep Quality Index (PSQI)—The PSQI is a 19-item, self-rated
questionnaire designed to measure sleep quality and disturbance over the past month in
clinical populations [17]. The 19 items are combined into 7 clinically-derived component
scores including 1) sleep duration; 2) sleep disturbance; 3) sleep latency; 4) daytime
dysfunction due to sleepiness; 5) sleep efficiency; 6) overall sleep quality; and 7) sleep
medication use. Each sleep component yields a score ranging from 0 to 3, with 3 indicating
the greatest dysfunction. Sleep component scores were summed to yield a total score
ranging from 0 to 21 with the higher total score (referred to as global score) indicating worse
sleep quality. In distinguishing good and poor sleepers, a global PSQI score >5 yields a
sensitivity of 89.6% and a specificity of 86.5% [17].

Patient Health Questionnaire-9 (PHQ-9)—The PHQ-9 is a 9-item self-reported,
diagnostic and severity measure for current (in the prior 14 days) depression using criteria
from the Diagnostic and Statistical Manual of Mental Disorders, fourth edition (DSM-1V)
[21, 22]. The nine items include: 1) anhedonia; 2) depressed mood; 3) insomnia or
hypersomnia; 4) fatigue or loss of energy; 5) appetite disturbance; 6) guilt or worthlessness;
7) diminished ability to think or concentrate; 8) psychomotor agitation or retardation; and 9)
suicidal thoughts. Scores for each item range from 0 (“not at all”) to 3 (“nearly every day™).
The PHQ-9 total score is the sum of scores for the nine items for each participant and ranges
from 0 to 27. Among patients from general care clinics and obstetrics-gynecology clinics, a
score of = 10 is associated with a sensitivity of 88% and a specificity of 88% in diagnosing
major depressive disorder (MDD) [21]. The Spanish-language version of the PHQ-9 was
shown to work well in pregnant women with good reliability and construct validity [23, 24].
In the current study, the presence of depression was defined as PHQ-9 score = 10.

Depression, Anxiety Stress Scale-21 (DASS-21)—The DASS-21 is a set of three
self-report scales designed to measure the negative emotional states of depression, anxiety,
and stress [25, 26]. The depression scale assessed dysphoria, hopelessness, devaluation of
life, self-deprecation, lack of interest or involvement, anhedonia, and inertia; the anxiety
scale assessed autonomic arousal, situational anxiety, and subjective experience of anxious
affect; and the stress scale assessed difficulty relaxing, nervous arousal, easy agitation,
irritability, and impatience [25, 26]. The 21-item instrument asks respondents to rate the
relevancy of each of the three negative affective states over the past week on a four-point
scale ranging from: (0) not at all, (1) some of the time, (2) a good part of the time, and (3)
most of the time. Scores range from 0 to 21 in each of the three domains, and are then
multiplied by two to produce a possible score of 0 to 42 in each of the three domains.
Validated cutoffs were used to categorize DASS-21 scores [26]. Briefly, we categorized
participants as exhibiting minimal (score 0-9), mild (score 10-13), moderate (score 14-20),
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and severe (score =21) depressive symptoms on the DASS Depression subscale. The
corresponding cutoffs for the DASS Anxiety subscale were minimal (score 0-7), mild (score
8-9), moderate (score 10-14), and severe (score =15). The corresponding cutoffs for the
DASS Stress subscale were minimal (score 0-14), mild (score 15-18), moderate (score 19—
25), and severe (score =26). Internal consistencies for each scale for the DASS normative
sample are: depression 0.91; anxiety 0.84; and stress 0.90 [26].

Other Covariates

Maternal age was categorized as: 20-29, 30-34, and =35 years. Other variables included:
maternal race/ethnicity (non-Hispanic white, African-American, Asian, other), annual
household income in U.S. thousands (<50, 50-69, >70), single marital status (yes, no),
nulliparous (yes, no), unplanned pregnancy (yes, no), and cigarette smoker (never, prior,
current). Pre-pregnancy body mass index (BMI) was calculated from pre-pregnancy height
and weight (kg/m?) and categorized as: <18.5, 18.5-24.9, 25.0-29.9, and =30 kg/m? based
on cutoffs from the WHO Global Database on BMI [27].

Statistical Analysis

We first examined the frequency distributions of maternal socio-demographic, behavioral
characteristics, medical and reproductive history. We used the Student’s #test and the Chi-
square test to assess bivariate differences according to sleep quality for continuous and
categorical variables, respectively. We then assessed the reliability and validity of the PSQI
using several agreement and consistency indices. Briefly, we calculated the Cronbach’s
alpha to assess the internal consistency for the PSQI using the seven clinically-derived
component scores. We completed an exploratory factor analysis (EFA) using the principal
component analysis with oblique rotation (promax) to assess the factor structure of the
PSQI. Prior to conducting factor analysis, we assessed the suitability for performing the
factor analysis. The result of the suitability analysis supported the appropriateness of
proceeding with the factor analysis (Bartlett’s test of sphericity, £<0.001; the Kaiser-Meyer-
Olkin measure of sampling adequacy = 0.72). We used the scree plot and eigenvalues
associated with each factor to identify the number of meaningful factors. Factors with
eigenvalues > 1 were assumed to be meaningful and retained for rotation [28]. Sleep
components with rotated factor loading =0.4 in absolute value were considered “dominant”
and were considered as a defining item for each specific factor. Further, we also completed a
confirmatory factor analysis (CFA) to complement the EFA. Given that the multivariate
normality assumption was not met in our database, we used the weighted least squares
(WLS) estimation for the CFA. We calculated the following parameters to evaluate model
fit: the comparative fit index (CFl), the standardized root mean square residual (SRMR), and
the root mean square error of approximation (RMSEA). For this study, we used the
following criteria for consideration of a reasonable fit: 1) CFI close to 0.90 or above; 2)
SRMR close to 0.08 or below; and 3) RMSEA close to 0.06 or below [29]. For the best fit
models, we summarized the standardized regression weights for path (factor loadings on
each factor) in all reported figures. As an additional measure of construct validity, we
computed unadjusted and age adjusted Spearman’s Rank-Order correlation coefficients (rs)
between the PSQI scores with the PHQ-9, and the DASS-21. We calculated correlation
coefficients of the three subscale scores with scores derived from the DASS-21 instruments,
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respectively. Finally, we fitted multivariate logistic regression models to calculate odds ratios
(ORs) and 95% confidence intervals (Cls) of poor sleep quality (yes vs. no) in relation with
depression (yes vs. no), anxiety disorder (yes vs. no), and stress (yes vs. no). We included
potential confounders of a prioriinterest (i.e., maternal age, parity, pre-pregnancy body mass
index, and annual household income) in final logistic regression models. Statistical analyses
were performed using SAS 9.4 (SAS Institute, Cary, NC, USA). The level of statistical
significance was set at P-value < 0.05 and all tests were two-sided.

RESULTS

Select sociodemographic, lifestyle and reproductive characteristics of the study cohort are
presented in Table 1. The mean age of the 1,488 participants was 33.4 years (standard
deviation, SD = 4.2 years), and the mean gestational age at interview was 21.7 weeks
(SD=8.8 weeks). The majority of participants were white (81.5%), married (91.8%), never
smokers (74.5%), with an annual household income >70,000 (88.2%), and planned index
pregnancy (87.6%). Nearly half of the participants were nulliparous (51.7%). The mean
scores of the PHQ-9 and the DASS-21 total score were 5.6 (SD = 3.6) and 17.1 (SD = 13.8),
respectively. The mean scores for the DASS-21 subscales of anxiety, depression, and stress
were 3.7 (SD = 4.3), 4.4 (SD =5.3), and 9.0 (SD = 6.8), respectively.

Figure 1 shows the distribution of the global PSQI score. The global PSQI score ranged
from 0 to 19, with a mode of 4. The mean score was 5.2 and the median score was 5. Based
on the PSQI global score, 37.0% of study participants were classified as poor sleepers (PSQI
global score >5) and 63.0% were classified as good sleepers (PSQI global score <5) (Table
1). Compared with good sleepers, poor sleepers were less likely to be nulliparous and within
BMI range of 18.5 to 24.9 kg/m?, and report current pregnancy as planned. Poor sleepers
were more likely to have an annual household income <$70, 000. Compared with good
sleepers, poor sleepers had significantly higher mean scores on all other measures (i.e.,
PHQ-9, DASS-21 total score, and three DASS-21 subscales; all P-value < 0.0001), reflecting
higher depressive, anxiety, and stress symptomatology.

An overall Cronbach’s alpha of 0.74 was observed (Table 2). The correlations between the
seven component scores of the PSQI and the global PSQI score ranged from 0.31 to 0.64
(Table 2). An exploratory factor analysis yielded a two-factor solution with eigenvalues of
2.23 and 1.69, corresponding to sleep quality (factor 1) and sleep disturbance (factor 2)
(Table 3). Subjective sleep quality cross-loaded on both factors. The two factors together
explained 52.8% of the total variance.

As shown in Figure 2 and Table 4, results from CFA corroborated the EFA findings showing
a two-factor solution for the six components. Indicators of goodness of fit: CFI, RMSEA and
SRMR were 0.975, 0.035, and 0.026, respectively. Sleep duration and sleep efficiency were
associated with an approximate correlation of 0.43. We re-examined the model, allowing for
these two items to be correlated with each other, which improved the fit (model 3b).

Table 5 presents correlation coefficients between the global PSQI score and scores derived
from the PHQ-9 and the DASS-21. The global PSQI score was significantly positively
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correlated with the scores of all other measures (all P-value < 0.0001). In sensitivity analyses
that excluded the “sleep medication use” component from the PSQI global score, correlation
coefficients of similar magnitudes were obtained. Further adjustment for maternal age
resulted in negligible changes in the magnitude of partial correlation coefficients. Finally, as
an additional measure of construct validity, we completed multivariable logistic regression
analyses to assess associations of poor sleep quality (PSQI score > 5) with depression,
anxiety, and stress. We found that poor sleepers (PSQI global score > 5) had increased odds
of experiencing depression (PHQ-9 = 10) as assessed by the PHQ-9 (OR=6.47; 95%Cl:
4.56-9.18). Compared with good sleepers, poor sleepers had a 4.34-fold increased odds of
depression (95% ClI: 2.74, 6.86) (DASS-21 Depression subscale = 14); a 3.59-fold increased
odds (95% CI: 2.45, 5.26) of anxiety (DASS-21 Anxiety subscale = 10); and a 4.37-fold
increased odds (95% ClI: 2.88, 6.65) of stress (DASS-21 Stress subscale = 19) (Table 6). We
explored the possibility that maternal lifetime history of migraine may have confounded
reported associations. However, when we added this covariate into multivariable models, we
found no evidence of confounding. For example, when we added maternal history of lifetime
migraine to the model for PHQ-defined depression the odds of depression increased very
slight from 6.47 (95% CI 4.56 —9.18) to 6.51 (95% CI 4.57-9.26).

DISCUSSION

The PSQI demonstrated good reliability and construct validity when used among a cohort of
US pregnant women. Both exploratory and confirmatory factor analyses indicated a two-
factor solution: sleep quality and sleep disturbance. Although the assumption for one-factor
structure was not met, an overall Cronbach’s alpha of 0.74 was reported. Women classified
as having poor sleep quality in early pregnancy (i.e., poor sleepers; PSQI global score > 5)
had significantly increased odds of depression (OR=6.47; 95%CI: 4.56-9.18) as assessed by
the PHQ-9. Poor sleepers were also associated with increased odds of anxiety (OR=3.59;
95% Cl: 2.45, 5.26) and stress (OR=4.37; 95% CI: 2.88, 6.65) as assessed using the
DASS-21 scale. Removal of the component “sleep medication use” did not have a noticeable
influence on the construct validity of the PSQI.

Although the total score of PSQI is typically used to identify sleep quality, the results of our
exploratory factor analysis yielded a two-factor structure, including a sleep quality factor
and sleep disturbance factor. Based on the results of exploratory and confirmatory factor
analysis, a two-factor model demonstrated a better fit than the one-factor model proposed by
Buysse [17], which was consistent with reports from several previous studies [12, 14, 18,
30]. Our study findings and those of others suggest that the use of a single summed global
score of all the six sub scales of PSQI might not best capture the multidimensional nature of
poor sleep quality.

However, despite accumulating evidence in favor of a two- or three-factor structure of the
PSQI across medically and ethnically diverse research populations, studies designed to
further validate the two-factor structure of the PSQI across and to assess the comparative
validity and clinical utility of the two factor-specific scoring versus the single global score of
the PSQI are warranted.
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The PSQI demonstrated good construct and convergent validity in our study population. We
found that the PSQI global score was moderately correlated with depressive symptoms
(assessed using the PHQ-9), and symptoms of depressive, anxiety, and stress (assessed using
the DASS-21). Neither maternal age nor “sleep medication use” had a noticeable influence
on these correlations. Our findings are similar to reports from other investigators. For
example, among a sample of 660 Peruvian pregnant women, Zhong et al [5] reported
statistically significant correlations of scores from the PSQI and the PHQ-9 and generalized
anxiety disorders (GAD-7). These results and those of ours suggest that the PSQI and scales
designed to measure symptoms of mood and anxiety disorders support the similarity in
constructs between scales and reinforce evidence from clinical epidemiological studies
documenting high degrees of co-morbidity of sleep and psychiatric disorders [16, 19].

The present study has several limitations. First, objective measurements of maternal sleep
quality were not available (e.g., actigraphy or polysomnography), precluding evaluation of
associations between the questionnaire-based measures and objective measurements of sleep
quality. Second, our cross-sectional study did not provide information regarding the
persistence of poor sleep quality over the course of pregnancy. Importantly, we cannot
establish the temporal relation between sleep quality, and mood or anxiety disorders. We did
ask women to report whether they had received a physician diagnosis of depression. In this
cohort 2.7% of women responded affirmatively to this question. Although interpretation of
these data are limited, there remained a trend of increased poor sleep quality among women
with a self-reported history of ever having physician-diagnosed depression (3.6% vs. 2.1%).
Longitudinal studies are needed to estimate potential bi-directional associations of sleep and
psychiatric disorders among reproductive aged and pregnant women. Third, we did not have
access to information concerning maternal use of prescribed psychotropic or neurotropic
medications. Despite these limitations, this is the first study to evaluate the psychometric
properties of the PSQI among pregnant women in the US. Another strength of this study was
the relatively large sample of pregnant women, which allowed us to examine factor
structures and to ensure the stability of the factor solution. Moreover, our study made
allowances for assessing relations of PSQI assessed sleep quality with multiple measures of
maternal antepartum mood and anxiety disorders.

In summary, the PSQI was appropriate for use with good reliability and good construct
validity among pregnant women. Women with poor sleep quality had statistically
significantly increased odds of mood, anxiety and stress disorders. Removal of the
component “sleep medication use” neither improved the fit of the CFA models nor had a
noticeable influence on the construct validity of the PSQI. Future studies are needed to
further validate the two-factor structure among diverse populations, address whether a two
factor-specific scoring of the PSQI is favored over the PSQI global score, and assess change
in sleep quality over the course of gestation. The findings of our study may have clinical and
public health implications. Though screening alone is insufficient for addressing sleep
disorders, having psychometrically well characterized, reliable and valid screening
instruments such as the PSQI allows for identifying sleep quality and associated risk factors
in pregnancy. Future development of screening and treatment programs targeting sleep
disturbance during the first trimester are warranted to mitigate the risk of mood disorders
during late pregnancy and postpartum.
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Figure 1.
Distribution of the global score of the Pittsburgh Sleep Quality Index (PSQI) among

pregnant women (N=1,488)
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Figure 2.

Standardized regression weights for paths associated with the best fit model for the
Pittsburgh Sleep Quality Index (PSQI) among pregnant women (N=1,488). Numbers next to
arrows indicate factor loadings. Numbers next to error terms (left side of the figure) indicate

correlation coefficients.
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Table 2

Page 14

Item Characteristics, item-total correlation, alpha if item deleted from the Pittsburgh Sleep Quality Index
(PSQI) among pregnant women (N=1,488)

Components Mean SD  Corrected item- total correlation  Alpha if item deleted
1. Sleep duration 022 054 0.57 0.71

2. Sleep disturbance 134 051 0.44 0.73

3. Sleep latency 081 0.79 0.54 0.70

4. Daytime dysfunction due to sleepiness  0.97  0.78 0.39 0.72

5. Sleep efficiency 058 0.89 0.62 0.69

6. Subjective sleep quality 112  0.67 0.64 0.70

7. Sleep medication use 0.18 0.56 0.31 0.74

Global PSQI score 523 284

Overall Cronbach’s alpha (the overall reliability of the PSQI) is 0.74

Abbreviations: SD, standard deviation

“Corrected item-total correlation” are the correlations between each components and the global PSQI score.

“Alpha if item deleted” — represents the PSQI’s Cronbach alpha reliability coefficient for internal consistence if the specific item is removed from

the scale.
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The factor loadings in exploratory factor analysis of the Pittsburgh Sleep Quality Index (PSQI) among

pregnant women (N=1,488)

Table 3

Factor loadings

Components Factor 1  Factor 2
1. Sleep duration 0.87 -0.08
2. Sleep disturbance 0.04 0.72
3. Sleep latency 0.47 0.30
4. Daytime dysfunction due to sleepiness -0.14 0.80
5. Sleep efficiency 0.88 -0.04
6. Subjective sleep quality 0.47 0.49
7. Sleep medication use 0.13 0.31

*
Exploratory factor analysis was conducted using the principal component analysis with promax rotation
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