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a b s t r a c t

Objective: Subjective sleep disturbances have been associated with greater risk for concurrent and
incident metabolic syndrome (MetS). Previous studies have not examined prospective associations
among polysomnography-assessed sleep and the MetS, despite knowledge that self-reported sleep is
subject to reporting bias, and that subjectively and objectively assessed sleep are weakly correlated.
Method: In the current study, objectively-assessed (polysomnography) and subjectively-assessed (Pitts-
burgh Sleep Quality Index, PSQI) sleep was measured in 145 adults at two timepoints, separated by 12e30
years. A continuous measure of the MetS was assessed at the second time point. Statistical analyses were
adjusted for age, sex, lifetime history of major depressive disorder, follow-up time, and apnea-hypopnea
index.
Results: Polysomnography-assessed sleep duration, latency, efficiency, and slow wave sleep were not
significantly prospectively associated with the MetS (ps � 0.16). Self-reported longer sleep latency was
prospectively associated with higher MetS scores in unadjusted (b¼ 0.29, p¼ 0.002) and adjusted models
(b ¼ 0.25, p ¼ 0.009). Longer sleep latency was associated with higher fasting glucose levels (b ¼ 0.47,
p < 0.001).
Conclusion: Our study provides evidence that subjective and objective measures of sleep may differ in
their ability to prospectively predict MetS.

© 2019 Published by Elsevier B.V.
1. Introduction

Poor sleepers are at increased risk for all-cause mortality [1].
This association may be driven by relationships between sleep and
intermediate risk factors that substantially affect mortality. One
such intermediate risk factor is the metabolic syndrome (MetS), a
modifiable cluster of symptoms (high blood pressure, triglycerides,
and glucose, large waist circumference, and low levels of high
density lipoproteins) known to increase risk for cardiovascular
disease, stroke, myocardial infarction, and all-cause mortality [2].
Several studies have reported significant cross-sectional
-1131, Pittsburgh, PA, 15213,
associations among dimensions of self-reported poor sleep and the
MetS including short sleep duration (meta-analysis of 18 studies;
[3]), difficulty initiating and maintaining sleep [4], excessive
daytime sleepiness [5], and poor sleep quality [6]. Only one cross-
sectional study has used polysomnography (PSG) to evaluate as-
sociations among objectively-assessed sleep and the MetS. Hall
et al., [7] reported that lower PSG-assessed sleep efficiency, greater
sleep disordered breathing, and greater cortical arousal during
sleep were associated with greater odds of prevalent MetS. How-
ever, prospective data are critical to clarify temporal associations
among disturbed sleep and the MetS.

Several studies have shown prospective associations between
self-reported sleep disturbances and the MetS. While one study
showed that short sleep duration was associated with increased
odds of incident MetS at three-year follow-up [8], another study
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demonstrated that both short and long sleep duration were asso-
ciatedwith increased risk forMetS at four-year follow-up [9]. A third
study reported increased incident MetS in individuals who were
persistent short sleepers or those whose sleep duration decreased
by more than two hours at a four-year follow-up [10]. Troxel
et al., [11] reported that self-reported difficulty initiating sleep,
unrefreshing sleep, and loud snoring predicted incident MetS at a
three-year follow-up. To our knowledge, no prospective study has
tested the association between PSG-assessed sleep and the MetS.

There are documented links between experimental sleep re-
striction or deprivation and components of the MetS. Experimental
sleep restriction has been associated with increased blood con-
centrations of free fatty acids [12] while total sleep deprivation has
been associated with increased diastolic blood pressure [13].
Moreover, experimental suppression of slow wave sleep (SWS) has
been linked to acute decreases in glucose tolerance [14]. Although
none of these experimental studies evaluated all components of the
MetS, these data are consistent with the hypothesis that sleep may
be causally associated with MetS risk.

In the present study, we examined the prospective association
between multiple indices of PSG and self-reported sleep with the
MetS, measured 12e30 years later (Myears ¼ 19.1, SD ¼ 4.7). Indices
of sleep duration and continuity were assessed both subjectively,
using self-reports, and objectively, as measured by PSG. In contrast,
sleep quality was assessed by self-report and SWS was measured by
PSG due to the absence of objective and subjective homologues,
respectively. It was hypothesized that (1) shorter sleep duration; (2)
longer sleep latency; (3) lower sleep efficiency; (4) lower sleep
quality; and (5) lower percent SWS would prospectively predict
greater MetS prevalence. Similar predictions were made for cross-
sectional associations among sleep and MetS, using sleep data
collected concurrently with the MetS. Additionally, we examined
two possible effectmodifiers of associations: depression and follow-
up time. Previous meta-analytic evidence has demonstrated that
individuals with depression are more likely to have sleep distur-
bances [15] and the MetS [16]. Follow-up time was examined as a
potential moderator of associations between sleep and the MetS to
examine whether greater follow-up time weakens associations.

2. Methods

2.1. Participants

Participants were recruited from previous studies evaluating
sleep in individuals with major depressive disorder (n ¼ 508) and
healthy controls (n¼ 204) at the University of Pittsburgh from 1982
to 1999 (Time 1; T1). Participants had neither significant medical
illness nor the presence of any other clinician-assessed Axis 1 dis-
order at Time 1. From 2010 to 2014, 339 participants from the T1
studies were contacted to participate in a study of sleep and car-
diovascular disease risk. Of these, 177 participants provided written
informed consent to the follow-up study (Time 2; T2). A priori
exclusion criteria were unstable medical illness (n ¼ 2) or devel-
opment of major depressive disorder with psychotic features or
bipolar disorder (n ¼ 9). We excluded an additional 21 people for
the following reasons: withdrawal from the study prior to data
collection (n ¼ 8), lived out of state and could not visit the lab
for cardiovascular assessments (n ¼ 5), or were missing poly-
somnography and/or waist circumference data (n ¼ 8). The current
report includes data from the remaining 145 participants (88 par-
ticipants with current or past major depressive disorder and 57
control participants). Compared to those included in the analyses
(N ¼ 145), participants who provided some data but were excluded
from analyses (N ¼ 21) did not differ on age, sex, history of
depression, T2 apnea-hypopnea index, or any sleep variable
measured at T1 or T2 (ps � 0.06). All participants had full PSG data
at T1 and T2. Time 1 subjective sleep data were missing in 37e38
participants, depending on the sleep component, because some T1
visits occurred before the Pittsburgh Sleep Quality Index (PSQI,
[17]) was developed. These participants were not included in T1
subjective sleep measure analyses but were included in all other
analyses. This study was approved by the University of Pittsburgh
Institutional Review Board and financial compensation was
provided to study participants.

2.2. Measures

2.2.1. Objectively-assessed sleep
Participants underwent overnight sleep studies for two nights

at T1 and two nights at T2 at Western Psychiatric Institute and
Clinic in Pittsburgh, Pennsylvania. Lights out and lights on corre-
sponded to participants’ self-reported habitual sleep patterns. The
PSG recording montage included electroencephalography (C3, Cz,
C4), electrooculography, and electromyography, with each elec-
trode referenced to the contralateral mastoid. For both T1 and T2
sleep studies, night one served as an adaptation night. For T1, night
two studies were re-scored between 2010 and 2014 in 30-s epochs
pursuant to American Academy of Sleep Medicine (AASM) criteria
[18]. On night one for the T2 sleep study, apnea-hypopnea index
(AHI) was assessed. For T2, data for nights one and two were
scored using AASM criteria and sleep values were averaged across
nights [19].

Sleep durationwas calculated as the total minutes spent in non-
rapid and rapid eye movement sleep. Sleep latency was defined as
the time elapsed between lights out and the first epoch of N1 sleep.
Sleep efficiency was calculated as the total minutes of sleep divided
by the total minutes of time in bed, multiplied by 100. Percent SWS
was defined as the number of minutes with >50% delta waves
(>75 mV), divided by sleep duration, and multiplied by 100. We did
not examine other measures of sleep architecture, as we did not
have a priori hypotheses. We could not evaluate quantitative EEG
measures, as T1 sleep data were recorded on paper.

2.2.2. Subjectively-assessed sleep
The PSQI is an 18-item self-report measure of individuals’

habitual sleep quality [17]. The PSQI was used to derive homologous
measures of sleep duration, latency, and efficiency. Sleep duration,
latency, bed time, andwake timewere derived from individual PSQI
questions. Sleep efficiency was calculated as sleep duration divided
by the interval of time between bed time andwake time, multiplied
by 100; the maximum value possible for sleep efficiency was 100%.
Sleep quality, which has no PSG homologue, was assessed from the
question, “During the past month, how would you rate your sleep
quality overall?”, with “very good” (0), “fairly good” (1), “fairly bad”
(2), or “very bad” (3) as response options.

2.2.3. Metabolic syndrome
Components of the MetS were assessed at T2 in the morning

while participants were fasting, in a separate visit from the in-lab
sleep assessment. Blood pressure was assessed while the partici-
pant was in a supine position following a 10-min rest period using
an automated sphygmomanometer (CONTEC08A, Qinhuangdao
CONTEC Medical Systems Co., Ltd., China). Systolic and diastolic
blood pressure readings were averaged across three measures
collected at one-minute intervals. Forearm venous blood draws
were used to assess fasting plasma glucose (mg/dL), serum tri-
glycerides (mg/dL), and high-density lipoproteins (HDL). Waist
circumference was measured at the superior border of the iliac
crest by a clinician, as recommended by the National Cholesterol
Education Program's Adult Treatment Panel III (ATP III) report [20].



Table 1
Sample characteristics.

M (SD) N (%)

Sex, female 94 (65)
Lifetime history of major depressive disorder 88 (61)
Follow-up time, years 19.1 (4.7)
Age, years 59.9 (9.1)
Apnea-hypopnea index 8.8 (12.6)
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Metabolic syndrome is often defined as present in participants
who meet three or more ATP III cutoff scores for systolic blood
pressure, fasting glucose, triglycerides, high density lipoprotein
cholesterol, and waist circumference [20]. However, a joint state-
ment by the American Diabetes Association and the European As-
sociation for the Study of Diabetes recommends that researchers
characterize the metabolic syndrome continuously, given its linear
association with cardiovascular disease [21]. Further, some com-
ponents of the metabolic syndrome may contribute more to
negative health outcomes than others, and a continuous measure
allows for greater “weighting” than a dichotomous outcome [21].
Therefore, in the present report, the metabolic syndrome was
characterized as the average of the z-scores of each component of
the metabolic syndrome, which creates a continuous measure (ie
summing the z-scores of systolic blood pressure, glucose, tri-
glycerides, waist circumference, and the reverse-score of HDL, then
dividing by five), with higher values reflecting higher MetS scores.

2.2.4. Covariates
Covariates included sex, age, lifetime history of major depressive

disorder, and apnea-hypopnea index (AHI). Additionally, follow-up
time was adjusted for in the prospective analyses. Lifetime history
of major depressive disorder was a dichotomous variable, with
“yes” defined as current or past major depressive disorder per
structured clinical interviews at T1 and/or T2. Obstructive sleep
apnea, assessed using AHI at T2, was included as it is frequently
comorbid with the MetS (for review, see Ref. [22]); no participant
was treated for obstructive sleep apnea. Follow-up time was
calculated as the difference in years between T1 and T2.

2.3. Statistical approach

Descriptive statistics were used to characterize the sample. A
comparison of T1 and T2 sleep variables was conducted using
paired sample t-tests. Linear regression assumptions were exam-
ined; AHI was log-transformed. Hierarchical linear regression was
used to assess associations between subjectively and objectively
assessed indices of sleep and the z-score of MetS. Univariate ana-
lyses for each individual sleep variable were followed by multiple
linear regression models. Prospective models adjusted for T2 age,
sex, lifetime depression history, T2 AHI, and follow-up time. Cross-
sectional models adjusted for T2 age, sex, lifetime depression his-
tory, and T2 AHI. Age, AHI, and follow up timewere continuous and
centered based on the sample's mean. Sex was effects coded as �1
(females) and 1 (males). Lifetime history of depression was effects
coded as �1 (no history) and 1 (history). We evaluated the asso-
ciation between significant sleep variables and MetS components
to determine whether specific components were driving observed
associations.

In analyses of effect modification, we examined whether life-
time depression history or follow-up time were moderators of the
association between sleep variables and the MetS. Moderation
analyses were conducted in hierarchical linear regression models,
with the sleep variable entered first, then the moderator, then their
interaction, and finally the covariates. We applied Bonferroni cor-
rections to the p-values for interaction terms, as the analyses were
exploratory. Finally, we conducted two sensitivity analyses to
further investigate the role of depression in associations. First, we
included a dichotomous variable of antidepressant use at T2 (n¼ 51
were taking at least one antidepressant) as a covariate to evaluate
whether treatment may affect our results. Second, we excluded
participants with current major depressive disorder at T2 (n ¼ 16)
to ensure that current depressionwas not influencing study results.
Analyses were conducted in IBM SPSS Statistics software (version
25) and all tests were two sided at a ¼ 0.05.
3. Results

As shown in Table 1, 65% of the sample was female and 61% of
the sample had a history of major depressive disorder. The average
follow-up time betweenT1 and T2was 19.1 years (range: 12.5e30.3
years). At T2, the average participant was middle-age (59.9 yr;
range: 36.3e82.9 yr).

Table 2 presents T1 and T2 descriptive statistics for sleep mea-
sures. In paired sample t-tests, there was a significant within-
person increase in PSG-assessed sleep latency (p < 0.001), signifi-
cant within-person decreases in PSG-assessed sleep duration
(p < 0.001) and PSG-assessed sleep efficiency (p < 0.001). No other
sleep measures significantly changed from T1 to T2.

Prospective associations among T1 sleep and the MetS are
presented in Table 3. None of the PSG-assessed indices of sleep
were significantly prospectively associated with MetS (ps � 0.16).
Subjective sleep latency was associated with higher MetS scores in
unadjusted (b ¼ 0.29, p ¼ 0.002) and adjusted models (b ¼ 0.25,
p ¼ 0.009). No other subjective indices of sleep were significantly
prospectively associated with MetS. Among covariates, sex
(p � 0.006) and log-transformed AHI (p � 0.002) were significantly
associated with the MetS, such that being male or having higher
AHI was associated with higher MetS scores. In contrast, age
(p � 0.71), lifetime history of depression (p � 0.12), and follow-up
time (p � 0.20) were not significant correlates of the MetS in any of
the prospective models.

In cross-sectional analyses, none of the objectively- or
subjectively-assessed indices of sleep were significantly associ-
ated with the MetS (Table 4). Similar to prospective analyses, sex
(ps � 0.001) and log-transformed AHI (ps < 0.001) were associ-
ated with the MetS in cross-sectional analyses such that being
male or having higher AHI was associated with higher MetS
scores, while age (ps � 0.54) and lifetime depression history
(ps � 0.13) were not.

Associations among sleep and individual components of the
MetS were examined for T1 sleep latency, as this was the only sleep
measure that was significantly associated with MetS scores. Time 1
sleep latency was significantly associated with higher T2 fasting
blood glucose levels (b ¼ 0.47, p < 0.001). Sleep latency was not
significantly associated with any of the other MetS components
(blood pressure, triglycerides, waist circumference, and HDL;
ps > 0.15). Among covariates, higher log-transformed AHI was
significantly associated with higher systolic blood pressure
(p ¼ 0.01), greater waist circumference (p ¼ 0.004), and lower HDL
(p ¼ 0.01). No other covariate was significantly associated with any
of the MetS components (ps > 0.05).

3.1. Secondary analyses

In prospective moderation analyses, lifetime history of
depression was a significant moderator of associations among
subjectively-assessed sleep duration and sleep quality with the
MetS. In cross-sectional moderation analyses, lifetime history of
depression was a significant moderator of associations among
subjectively-assessed sleep latency and the MetS. None of these



Table 2
Sleep characteristics at T1 and T2.

PSG-assessed sleep,
M (SD)

Subjectively-assessed
sleep, M (SD)

T1 T2 T1 T2

Sleep duration, h 6.7 (0.8) 6.4 (0.9)* 6.7 (1.2) 7.0 (1.3)
Sleep latency, min 9.4 (9.7) 15.0 (15.9)* 21.6 (36.9) 16.3 (14.0)
Sleep efficiency, % 91.4 (6.3) 82.1 (9.6)* 89.7 (11.9) 87.8 (10.8)
Slow wave sleep, % 10.7 (8.2) 9.6 (8.2)
Sleep quality1 0.9 (0.9) 0.9 (0.7)

Note. 1Recorded on a 0 (very good) to 3 (very bad) scale. PSG, polysomnography; T1,
Time 1 data collected from 1982 to 1999; T2, Time 2 data collected from 2010 to
2014. * denotes T2 sleep measure is significantly different (p < 0.05) from corre-
sponding T1 value.

Table 3
Prospective associations among T1 sleep and T2 metabolic syndrome.

PSG-assessed sleep Subjectively-assessed sleep

Unadjusted Adjusted1 Unadjusted Adjusted1

b p b p b p b p

Sleep duration �0.07 0.41 �0.02 0.83 �0.06 0.51 0.01 0.96
Sleep latency 0.09 0.26 0.11 0.16 0.29 0.002 0.25 0.009
Sleep efficiency �0.05 0.54 �0.02 0.80 �0.08 0.39 �0.08 0.43
Slow wave sleep, % �0.08 0.36 �0.02 0.77
Sleep quality 0.08 0.39 0.09 0.46

Note. 1Adjusted for sex, lifetime depression history, age, log-transformed apnea-
hypopnea index, and follow-up time. T1, Time 1 data collected from 1982 to 1999;
T2, Time 2 data collected from 2010 to 2014; PSG, polysomnography.

Table 4
Cross-sectional associations among T2 sleep and T2 metabolic syndrome.

PSG-assessed sleep Subjectively-assessed sleep

Unadjusted Adjusted1 Unadjusted Adjusted1

b p b p b p b p

Sleep duration �0.12 0.17 �0.03 0.73 �0.09 0.27 �0.06 0.48
Sleep latency 0.08 0.32 0.08 0.31 0.13 0.13 0.10 0.20
Sleep efficiency �0.15 0.08 �0.08 0.32 �0.08 0.32 �0.09 0.27
Slow wave sleep, % �0.09 0.31 0.08 0.33
Sleep quality �0.03 0.73 �0.03 0.71

Note. 1Adjusted for sex, lifetime depression history, age, log-transformed apnea-
hypopnea index. T2, Time 2 data collected from 2010 to 2014; PSG,
polysomnography.
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models were non-significant after Bonferroni correction. Similarly,
moderation of prospective associations among subjectively-
assessed sleep quality and MetS by follow up time was not signif-
icant after Bonferroni correction.

In sensitivity analyses, we (1) adjusted for antidepressant use at
T2 and (2) restricted our sample to individuals who were not
currently in a major depressive episode at T2 to evaluate the
robustness of our results. A substantial change in results was defined
as a change from significance to non-significance, from non-
significance to significance, or a change in the standardized beta
coefficient of ±0.10. Antidepressant use was not significantly asso-
ciatedwith theMetS (b¼�0.04, p¼ 0.65). Including the covariate of
antidepressant use did not substantially change our results. Removal
of participants who were currently in a major depressive episode at
T2 (n ¼ 16) also did not change our results substantially.
4. Discussion

We are not aware of any published study that has examined
prospective associations between both PSG- and subjectively-
assessed sleep and the MetS. We report that self-reported longer
sleep latency was prospectively associatedwith higherMetS scores.
Observed associations may be due, in part, to associations between
sleep latency and higher glucose levels. In contrast, PSG-assessed
sleep was not prospectively associated with the MetS.

The prospective association between longer subjective sleep
latency and the MetS is consistent with a previous study of self-
reported sleep and MetS at three-year follow up [11]. The present
study extends these findings in that we report that longer sleep
latency is associated with the MetS over a longer follow up period
of 12e30 years. In analysis of the individual components of the
MetS, sleep latency was strongly associated with higher glucose
levels. These results are consistent with evidence that insomnia
symptoms are associatedwith type 2 diabetes [23]. Prolonged sleep
latency measured by polysomnography has also been linked to all-
cause mortality in older adults, after adjusting for confounding by
mental and physical health [24]. With respect to mechanisms that
may underlie prospective associations among sleep latency and the
MetS, longer sleep latency may be due to habitual sleep anxiety
[25], which may result in sympathetic nervous system activation
(for review, see Ref. [26]). In addition, individuals with longer sleep
latency may use sleep medications or alcohol as sleep aids, which
are associated with increased mortality [27,28]. Prospective and
experimental studies are needed to identify the pathways through
which prolonged sleep latency influences MetS risk.

The absence of significant prospective associations among PSG-
assessed sleep and the MetS differs both from current and previous
self-reported associations [8e11], as well as our own report of
cross-sectional associations among PSG-assessed indices of sleep
continuity and depth with theMetS [7]. Differences in self-reported
and PSG-assessed sleep in relation to the MetS may be related to
recognized discrepancies between objective and subjective as-
sessments of sleep, which do not correlate highly with one another
[29]. Statistical adjustment for factors that might influence sub-
jective assessments, such as history of depression, mitigated dif-
ferences related to reporting bias. There are factors that may
influence reporting bias that were not included in this study. For
example, one study has reported that individuals who were higher
in trait hostility had a weaker correlation between PSG-assessed
sleep duration and self-reported sleep duration [30]. In another
study, race/ethnicity was shown to bias self-report estimates, with
Caucasian Americans more likely to overestimate their sleep
duration on self-reports versus PSG-assessed sleep compared to
African Americans and Chinese Americans [31]. Future studies of
the association of sleep with cardiovascular health outcomes might
evaluate hostility or race/ethnicity, as both factors are known to be
associated with cardiovascular disease outcomes [32,33].

Differences in results across sleep measurement modalities in
the current study may also be related to differences in time frame;
PSG was assessed on one night and self-reported sleep referenced
the past month. It may be that PSG in this study represents a short-
term measure of sleep, and self-report reflects a more habitual
measure of sleep. Indeed, we, and others, have reported that PSG-
assessed sleep continuity varies widely from night-to-night, sug-
gesting that a night of PSG may not be a reliable indicator of sleep
continuity [19]. Although PSG-assessed indices of sleep depth are
highly stable across nights [19], age-related decreases in slow-wave
sleep over the long follow-up period in the present study [34] may
have diminished its long-term impact on the MetS. In summary, in
this study we demonstrated that one night of PSG-assessed sleep
was not significantly related to the MetS 12e30 years later. These
results do not suggest that an objective assessment of sleep is un-
warranted in MetS research, but rather that future studies might
measure objectively-assessed sleep for a greater number of nights to
better capture habitual sleep.
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There were no significant cross-sectional associations among
measures of sleep and the MetS in the current study, which
contrasts with significant associations reported in previous studies.
One reason for this discrepancy may be our choice to model sleep
dimensions as continuous variables. Previous studies of self-
reported sleep duration used categorical bins based on a range of
hours that participants slept. However, in a meta-analysis of 18
studies, the meta-regression was not significant due to non-
linearity [3], which our study was not powered to test as we had
few participants with a sleep duration greater than 9 h. Similarly,
previous studies of sleep latency characterized participants based
on the number of times per week it takes them longer than one
hour to fall asleep [4], or how often they have difficulty falling
asleep [5], and have assessed sleep efficiency indirectly by asking
participants how often they have difficulty maintaining sleep [5].
Again, these categorical measures that require participants to
assess how frequently they have difficulty sleeping may be more
likely to capture variability, rather than average measures. Similar
to the only published study of PSG-assessed sleep and the MetS, we
show here a non-significant association for linearly modeled sleep
duration and a significant association for AHI [7]. In contrast to our
earlier study [7], we did not find a significant association for PSG-
assessed sleep efficiency. This may be because the previous study
only studied female participants, and there are well-documented
sex differences in both sleep [35] and the MetS [36]. In the
context of these studies, our study suggests that the way sleep is
assessed and modeled is crucial for the conclusions that are drawn.

Several design considerations should be considered when
evaluating the present report of secondary analyses in a study of
prospective associations among sleep, depression, and cardiovas-
cular disease. First, we were unable to evaluate incident MetS or
adjust for MetS in prospective analyses, because components of the
MetS were not assessed at T1. Second, we were not powered to
evaluate MetS as a categorical variable. However, others have
suggested that modeling the MetS as a continuous score may be
preferable, as continuous scores may better capture MetS as a
spectrum of risk [21]. Third, the present report is the first to eval-
uate prospective associations among both PSG- and self-reported
indices of sleep duration, continuity, depth, and quality with the
MetS. However, differences in results across measurement modal-
ities raises additional questions about the extent to which
objectively-assessed indices of habitual sleep may be prospectively
associated with the MetS, including incident MetS. Finally, adjust-
ment for confounding factors including clinical assessment of
depression history, objective measurement of obstructive sleep
apnea, as well as the use of similar sleep assessments at both study
time points enhances the rigor of this observational study.

5. Conclusion

In summary, self-reported prolonged sleep latency was pro-
spectively associated with increased severity of the MetS, after
adjusting for other MetS risk factors. Results were independent of
depression history and follow-up time. In contrast, PSG-assessed
sleep was not prospectively associated with the MetS, perhaps
due to reliance on a single night of laboratory-assessed sleep.
Cross-sectional associations among objectively- and subjectively-
assessed sleep and severity of the MetS were not significant due
to sample and measurement considerations. Taken as a whole,
these results suggest that PSG-assessed and self-reported sleep
may be differentially related to the MetS, although future studies
are needed to evaluate more habitual indices of objectively-
assessed sleep in relation to the MetS. Certainly, multi-method
assessment of sleep may provide a clearer picture of the long-
term impact of sleep on health.
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