SLEEP SYMPTOMS PREDICT METABOLIC SYNDROME

Sleep Symptoms Predict the Development of the Metabolic Syndrome
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Background: Sleep complaints are highly prevalent and associated with cardiovascular disease (CVD) morbidity and mortality. This is the first
prospective study to report the association between commonly reported sleep symptoms and the development of the metabolic syndrome, a key
CVD risk factor.

Methods: Participants were from the community-based Heart Strategies Concentrating on Risk Evaluation study. The sample was comprised of
812 participants (36% African American; 67% female) who were free of metabolic syndrome at baseline, had completed a baseline sleep ques-
tionnaire, and had metabolic syndrome evaluated 3 years after baseline. Apnea-hypopnea index (AHI) was measured cross-sectionally using a
portable monitor in a subset of 290 participants. Logistic regression examined the risk of developing metabolic syndrome and its components ac-
cording to individual sleep symptoms and insomnia syndrome.

Results: Specific symptoms of insomnia (difficulty falling asleep [DFA] and “unrefreshing” sleep), but not a syndromal definition of insomnia, were
significant predictors of the development of metabolic syndrome. Loud snoring more than doubled the risk of developing the metabolic syndrome
and also predicted specific metabolic abnormalities (hyperglycemia and low high-density lipoprotein cholesterol). With further adjustment for AHI
or the number of metabolic abnormalities at baseline, loud snoring remained a significant predictor of metabolic syndrome, whereas DFA and
unrefreshing sleep were reduced to marginal significance.

Conclusion: Difficulty falling asleep, unrefreshing sleep, and, particularly, loud snoring, predicted the development of metabolic syndrome in com-

munity adults. Evaluating sleep symptoms can help identify individuals at risk for developing metabolic syndrome.
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THE CLUSTERING OF CARDIOVASCULAR RISK FAC-
TORS KNOWN AS THE METABOLIC SYNDROME IS
STRONGLY AND PROSPECTIVELY LINKED WITH
incident cardiovascular events, diabetes, and mortality.! Given
that prevalence rates of the metabolic syndrome are estimated at
20% in the adult population,? identifying modifiable risk factors
associated with the development of the metabolic syndrome is
of critical public health importance.

Several prospective studies have documented an indepen-
dent relationship between sleep disturbances, including sleep
disordered breathing (SDB) and sleep duration, and increased
risk of developing individual components of the metabolic
syndrome, including obesity, hypertension, glucose intoler-
ance, and diabetes.>* Additionally, a handful of cross-sectional
studies have shown that a broader range of self-reported sleep
disturbances, including snoring, sleep duration, difficulty ini-
tiating and maintaining sleep, and poor sleep quality, as well
as polysomnographically assessed sleep architecture are asso-
ciated with prevalent metabolic syndrome.”'* However, to our
knowledge, no study to date has prospectively examined the
relationship between sleep disturbances that commonly pres-
ent in clinical practice and the development of the metabolic
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syndrome. Given evidence that there may be added prognostic
value of the metabolic syndrome, over and above its individual
components, and the inability of cross-sectional studies to sup-
port the proposed direction of causality between sleep distur-
bances and metabolic dysregulation, prospective evidence is
clearly needed to examine whether sleep disturbances predict
the development of the metabolic syndrome.

Most epidemiologic studies of sleep and CVD risk have
examined sleep symptoms rather than sleep disorders identi-
fied by diagnostic criteria, such as insomnia or obstructive
sleep apnea syndrome (OSAS), which are the two most com-
mon adult sleep disorders.'" Understanding the relative impact
of sleep symptoms versus sleep disorders may have important
public health implications given that symptoms are much more
prevalent than disorders,' and the putative mechanisms linking
sleep with cardiometabolic consequences may differ for symp-
toms and disorders. Moreover, there is considerable overlap in
SDB and insomnia symptoms. Thus, to better understand the
pathophysiology underlying links between sleep symptoms and
cardiometabolic risk, it is critical to examine the independent
effects of respective insomnia and SDB symptoms as well as
more formally defined disorders.

The present study investigated the degree to which insomnia
or SDB predicted the development of the metabolic syndrome
and its component factors (hyperglycemia, central adipos-
ity, hypertension, hypertriglyceridemia, and low high density
lipoprotein cholesterol) over a 3-year period in a community
sample. We used two different case definitions for both insom-
nia and SDB. For insomnia, we examined individual insom-
nia symptoms as well as insomnia syndrome, which included a
sleep complaint along with reported daytime impairment. For
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SDB, we examined whether snoring, the most common symp-
tom of OSA, predicted the development of the metabolic syn-
drome, independent of apnea-hypopnea index, a physiological
indicator of OSA. Given racial and gender differences in the
prevalence of sleep disorders and the metabolic syndrome, for
significant effects, we explored whether relationships between
sleep symptoms and the metabolic syndrome differed among
men and women and among blacks and whites.

METHODS

Study Overview and Population

Participants were recruited from Heart SCORE, an ongoing,
community-based prospective study (N =2000) designed to ex-
amine the differential effects of race and gender on cardiovas-
cular risk. Subject eligibility criteria for Heart SCORE included
age 45 to 74 years, residence in the greater Pittsburgh metro-
politan area, ability to undergo baseline and annual follow-up
visits, and absence of known comorbidity expected to limit life
expectancy to less than 5 years. For the present study, we fur-
ther excluded a small number of participants (n = 67) who self-
identified as race other than black or white (due to our interest
in examining racial differences in the effects), those who did
not have the metabolic syndrome evaluated at baseline (n = 86),
those who were classified as having the metabolic syndrome
or diabetes at baseline (n = 598), or those who were missing
sleep or covariate data at baseline or metabolic syndrome at
follow-up (n = 437). Thus, the final sample consisted of 812
participants who met study eligibility criteria and had key study
variables assessed. Follow-up analyses which additionally ad-
justed for apnea-hypopnea index (AHI) were conducted in a
subset of 294 participants who had volunteered to participate
in the home apnea screening protocol at their annual visit, were
not currently being treated for OSA, did not self-report a diag-
nosis of OSA, and had other key study variables available. In
addition, n = 4 individuals were excluded due to having AHIs
> 50 (> 3 SDs from the mean). As compared to those who had
AHI data available, those who did not have AHI evaluated were
older and less likely to self-report frequent loud snoring during
sleep (P values < 0.05). All subjects provided written informed
consent approved by the Institutional Review Board of the Uni-
versity of Pittsburgh.

Data Collection

Metabolic syndrome

At the baseline and subsequent annual visits, a 12-h fasting
blood draw was collected and anthropometric measures were
taken. At baseline, assays were performed using standard tech-
niques in the clinical laboratory of the University of Pittsburgh
Medical Center except for plasma lipids and lipoprotein sub-
fractions which were quantified by a commercial laboratory
using a vertical auto profile (VAP, Atherotech, Birmingham,
AL). During annual follow-up visits, measurements were taken
of fasting glucose and lipids (HDL, total cholesterol, and tri-
glycerides, with calculation of LDL) using standard clinical
laboratory techniques (Cholesetch LDX System). Waist cir-
cumference was measured using a measuring tape at the nar-
rowest point between the iliac crest and the lowest rib.
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The primary outcome was the presence or absence of the
metabolic syndrome at the 3rd year follow-up visit, as quan-
tified by the National Cholesterol Education Program’s (NCEP)
Adult Treatment Panel III report (ATP III) guidelines.” Specifi-
cally, the syndrome is defined by presence of > 3 of the follow-
ing risk factors: fasting glucose > 110 mg/dL, triglycerides >
150 mg/dL, HDL-C < 40 mg/dL (for males) or < 50 mg/dL (for
females), waist circumference > 102 cm (for males) or > 88 cm
(for females), systolic blood pressure (SBP) > 130 mm Hg, or
diastolic blood pressure > 85 mm Hg. If participants had blood
pressure or glucose values within the normal range but were
taking antihypertensive or glucose-lowering medications, they
were classified as meeting criteria for blood pressure or glucose
abnormalities, respectively.

Sleep symptoms/ insomnia syndrome

Sleep disturbances related to insomnia and SDB were as-
sessed via the Insomnia Symptom Questionnaire (ISQ) and the
Multivariable Apnea Prediction Questionnaire (MAP).!® The
ISQ is a self-report instrument designed to screen for symp-
toms experienced in the past month associated with the diag-
nostic criteria for primary insomnia. The ISQ has recently been
validated'” using classical test theory and item response theory
(IRT). In addition, to assessing specific sleep symptoms, the
ISQ includes additional criteria related to daytime impairments
consistent with diagnostic criteria for insomnia (e.g., “Have
your sleep difficulties affected your work? Social life?””). The
presence of insomnia syndrome was coded as 1 for individu-
als endorsing at least one insomnia-related sleep complaint
(difficulty falling asleep, difficulty staying asleep, frequent
awakenings, feeling sleep is not sound, or feeling sleep is un-
refreshing), with frequency criteria > 3 times per week and the
endorsement of at least one symptom of daytime impairment,
rated as moderate to extremely severe.

The SDB symptoms (e.g., loud snoring, choking, or gasping
during sleep) were derived from the MAP, which has previous-
ly been validated and shown good psychometric properties. '
Items on the ISQ and MAP were re-coded such that individuals
who endorsed the symptom > 3 times per week were coded as
1 and others coded as 0.

Covariates

Detailed demographic and medical histories were collected
at the baseline visit. In addition, lifestyle characteristics includ-
ing smoking history (current or former smoker versus never a
smoker), and alcohol consumption (> 4 drinks per week versus
<4 drinks per week) were measured by study-specific question-
naires. Physical activity was assessed by the Lipids Research
Clinics Questionnaire'® and analyzed as a categorical variable
(sedentary versus non-sedentary lifestyle). Depressive symptoms
were assessed using the Center for Epidemiological Studies De-
pression Scale'® (coded as a binary outcome using the clinical
cutoff > 16 to indicate the presence of clinically significant de-
pressive symptoms). Nested within the cohort study was an in-
tervention study that randomly assigned subjects to receive in the
initial year a usual care (“advice only”’) regimen or a behavioral
modification intervention to reduce CVD risk. Study randomiza-
tion assignment (usual care or behavioral modification within 1
year), was also included as a covariate in all models; however,

Sleep Symptoms and Metabolic Syndrome—Troxel et al



Table 1—Frequency of metabolic abnormalities at baseline and 3-year
follow-up (N = 812)

Metabolic Syndrome
Abnormalities

Baseline 3-year follow-up

% (n) % (n)
BP abnormal 52 (420) 60 (489)
HDL abnormal 9 (69) 18 (145)
Triglycerides abnormal 10 (78) 15 (118)
Waist circumference abnormal 36 (295) 40 (325)
Glucose abnormal 3(28) 9(71)
Count of Metabolic Abnormalities % (n) % (n)
None 27 (217) 21(170)

37 (300)

1 metabolic abnormality (
36 (295) 30 (224)
- (

2 metabolic abnormalities
3 or more metabolic abnormalities

analyses demonstrated that randomization was unrelated to either
sleep symptoms or metabolic syndrome incidence.

Apnea-hypopnea index (AHI)

AHI was evaluated in a subset of 294 participants using a
previously validated portable monitor that measures airflow
and snoring via a nasal pressure signal®® (ApneaLink, ResMed
Corp). An apnea was defined as a decrease in airflow of > 80%
from baseline for > 10 sec. A hypopnea was defined as a de-
crease in airflow for > 30% but < 80% from baseline for > 10
sec. AHI was evaluated for participants who had > 4 h of data
available from the portable monitor and was analyzed as a con-
tinuous covariate, with 4 extreme outliers (> 3 standard devia-
tions from the mean) removed for a final N of 290. Portable
monitoring was added to the HeartSCORE protocol following
the baseline assessment, and was collected throughout the first
3 years of the study. Thus, AHI was included in secondary anal-
yses as a covariate to examine the independent contribution of
self-reported SDB and insomnia symptoms (assessed at base-
line) and development of the metabolic syndrome. Given the
inability to establish temporal precedence of AHI prior to the
metabolic syndrome assessment, AHI was considered only as
a cross-sectional covariate and not as a prospective risk factor.

Statistical Methods

Differences in baseline demographic, psychosocial, lifestyle
characteristics, and sleep measures were compared between
those who developed the metabolic syndrome over the follow-
up period versus those who did not develop the metabolic syn-
drome by use of y? tests for categorical variables and student
t-tests for continuous variables. Multivariate logistic regression
was used to examine the relationship between individual sleep
symptoms or insomnia syndrome and risk of developing the
metabolic syndrome, with adjustment for covariates including
age, sex, race (white/ black), marital status (married or part-
nered/ unmarried or unpartnered), study randomization assign-
ment, smoking history, physical activity, alcohol consumption,
and depressive symptoms. To reduce the number of statistical
comparisons, relationships among sleep symptoms and individ-
ual components of the metabolic syndrome were restricted to
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Table 2—Sample characteristics according to the presence or absence of
the metabolic syndrome at 3-year follow-up (N = 812)
Metabolic Syndrome
Absent (86%) Present (14%) P-value
% (n) % (n)
Gender 0.92
Male 86 (227) 14 (38)
Female 86 (470) 14 (77)
Race 0.06
African American 83 (244) 17 (51)
Caucasian 88 (453) 12 (64)
Married/ Partnered 0.92
Yes 86 (454) 14 (76)
No 86 (241) 14 (39)
Randomized to intervention 0.65
Yes 85 (82) 16 (15)
No 86 (615) 14 (100)
Current/ past smoker 86 (635) 14 (103) 0.60
Consumed 2 4 alcoholic 87 (101) 13 (15) 0.77
drinks/week
Sedentary lifestyle 80 (214) 20 (55) 0.00
Depression (CESD =216) 84 (82) 16 (16) 0.54
Mean (SD) Mean (SD)
Age 59 (7.51) 59 (6.84) 0.76
Sample restricted to those who were free of the metabolic syndrome at
baseline.
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the sleep symptoms which predicted the metabolic syndrome.
For each metabolic syndrome component, we excluded par-
ticipants who met criteria for that component at baseline. We
also evaluated whether observed relationships between sleep
symptoms and metabolic syndrome risk differed among blacks
and whites or among men and women, by entering the race and
gender interaction terms in separate logistic regression mod-
els. To determine the relative contribution of SDB or insomnia
symptoms to the prediction of metabolic syndrome, follow-up
logistic regression models simultaneously entered insomnia or
SDB-related symptoms that were related to the metabolic syn-
drome and also examined whether relationships persisted after
further adjustment for AHI (in the subset with AHI available).
Finally, for significant effects of sleep symptoms on the devel-
opment of the metabolic syndrome, we examined the results
of models that statistically adjusted for the number of baseline
metabolic abnormalities.

RESULTS

Table 1 presents the frequency of metabolic abnormalities
at baseline and at 3-year follow-up. The frequency of meeting
criteria for individual metabolic syndrome components in-
creased from baseline to follow-up for all components. Over
the 3-year follow-up period, 14% of the sample (n = 115) de-
veloped the metabolic syndrome. As shown in Table 2, Afri-
can Americans and participants endorsing a sedentary lifestyle
were more likely to develop the metabolic syndrome over
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Table 3—Sleep characteristics according to the presence or absence of
the metabolic syndrome at 3-year follow-up (N = 812)

Metabolic Syndrome

Absent (86%) Present (14%)

% (n) % (n) P-value
Difficulty falling asleep 0.01
Yes 78 (87) 22 (25)
No 87 (610) 13 (90)
Difficulty staying sleep 0.82
Yes 85 (186) 15 (32)
No 86 (510) 14 (83)
Frequent awaking from sleep 0.36
Yes 84 (271) 16 (50)
No 87 (425) 13 (65)
Sleep is not sound 0.09
Yes 82 (148) 18 (33)
No 87 (549) 13 (82)
Sleep is unrefreshing 0.02
Yes 80 (128) 20 (32)
No 87 (569) 13 (83)
Snoring/gasping during sleep 0.23
Yes 82 (85) 18 (19)
No 86 (612) 14 (96)
Loud snoring 0.001
Yes 75 (73) 26 (25)
No 88 (620) 12 (88)
Stop breathing/choking during sleep 0.12
Yes 74 (17) 26 (6)
No 86 (678) 14 (109)
Insomnia syndrome 0.17
Yes 81(63) 19 (15)
No 86 (634) 14 (100)
Mean (SD) Mean (SD)
AHI (n =290) 9.0(8.55)  12.67(9.06) 0.01

Sample restricted to those who were free of the metabolic syndrome
at baseline. Unless otherwise noted, values represent n (%) in each
metabolic syndrome category for those who endorsed the sleep symptom
“frequently or always” or who met the defined criteria for insomnia
syndrome. AHI refers to apnea hypopnea index.

the 3 years. Of the sleep symptoms, difficulty falling asleep
(DFA), unrefreshing sleep, and loud snoring significantly pre-
dicted the development of the metabolic syndrome at follow-
up in unadjusted models (Table 3). Insomnia syndrome was
not related to incident metabolic syndrome in unadjusted
models. AHI was significantly associated with development
of the metabolic syndrome.

In the multivariate logistic regression models (Figure 1)
which entered each symptom or insomnia syndrome in sepa-
rate models, DFA, unrefreshing sleep, and loud snoring sig-
nificantly predicted metabolic syndrome incidence (P < 0.05).
There were no significant race or gender interactions for either
DFA or loud snoring on metabolic syndrome incidence (analy-
ses not shown). The remaining sleep symptoms and the syndro-
mal definition of insomnia were unrelated to the development
of the metabolic syndrome; however, all estimates were in the
direction of being associated with higher risk of developing the
metabolic syndrome. Analyses of the individual metabolic syn-
drome components revealed that loud snoring was a significant
predictor of hyperglycemia and low HDL (Table 4); however,
DFA and unrefreshing sleep did not predict any of the individu-
al metabolic abnormalities.

To examine the independent contributions of insomnia versus
SDB-related symptoms, the next set of logistic models simulta-
neously entered DFA or unrefreshing sleep with loud snoring.
As shown in Figure 2, Model 1, both DFA and loud snoring
remained significant independent predictors of the metabolic
syndrome (OR = 1.78; CI: 1.05, 3.02 and OR = 2.23; CI: 1.30,
3.82). Unrefreshing sleep was reduced to marginal significance
(Model 2; OR = 1.56; CI: 0.96, 2.53) with additional adjust-
ment for loud snoring.

To examine the independent effects of DFA and loud snoring
on the prediction of metabolic syndrome incidence, over and
above the influence of AHI, a logistic regression model entered
DFA, loud snoring, and AHI simultaneously, in addition to de-
mographic, psychosocial, and lifestyle risk factors (Figure 2,
Model 2). Once again, loud snoring remained an independent
predictor of the metabolic syndrome incidence (OR =3.01; CI:
1.39, 6.55), whereas DFA was reduced to marginal statistical
significance (OR = 1.91; CI: 0.80, 4.58). AHI was also signifi-
cantly associated with the metabolic syndrome in the subsam-
ple who had apnea link data (OR per 5 units = 1.23; 1.02, 1.47).

Finally, to examine whether DFA, unrefreshing sleep, or
loud snoring predicted the development of the metabolic

Table 4—Relationship between sleep symptoms and individual components of the metabolic syndrome

Metabolic Syndrome Components

OR (95% Cl)
N' =517

1.00 (0.49-2.04)
1.01 (0.53-1.93)
0.80 (0.32-1.98)

N" =782
Difficulty falling asleep
Unrefreshing sleep
Loud snoring

Central adiposity criterion Glucose criterion
OR (95% CI)

1.00 (0.45-2.22)
1,66 (0.88-3.10)
215 (1.09-4.24)

“For each metabolic syndrome component, analyses are restricted to those who did not meet criteria for that abnormality at baseline. Covariates include: age,
sex, race (white/black), marital status (married/unmarried), study randomization, smoking status (ever/never), alcohol consumption (0-3 drinks per week/ 4 or
more drinks per week), sedentary lifestyle (yes/no), and presence of clinically significant depressive symptoms (yes/no).

Blood pressure criterion  Triglycerides criterion HDL criterion
OR (95% CI) OR (95% ClI) OR (95% CI)
N" =391 N"=514 N" =742

1.25 (0.64-2.43)
1.39 (0.78-2.48)
0.64 (0.30-1.39)

1.25 (0.52- 3.01)
0.77 (0.41-1.44)
2.11 (0.85-5.26)

1.11 (0.59-2.09)
1.29(0.76-2.17)
1.92 (1.06-3.48)
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Sleep Symptoms OR 95%CI
Difficulty falling asleep & <L L ] 181 1.08-3.05
Difficulty staying asleep & $> L 1.04 0.66-1.62
Frequent awakening from sleep & = 9 122 081-1.84
Sleep is not sound ® L & 146 091-2.32
Sleep is unrefreshing & 4 9 171 1.06-2.74
Snoring/gasping during sleep & & & 135 0.77-2.36
Loud snoring & @ 9 230 1.35-3.93
Stop breathing L . 4 € 179 067-482
Insomnia syndrome & & P 160 0.85-3.03

0.1 1.0 10.0

Figure 1—Odds of developing the metabolic syndrome according to sleep symptoms with covariate adjustment. Filled diamonds depict adjusted odds ratios
of developing the metabolic syndrome; filled circles depict lower and upper 95% confidence limits. Odds ratios are adjusted for age, sex, race (white/black),
marital status (married/unmarried), study randomization, smoking status (ever/never), alcohol consumption (0-3 drinks per week/4 or more drinks per week),
sedentary lifestyle (yes/no), and presence of clinically significant depressive symptoms (yes/no).

0,
Model 1 (N = 805) OR  95%Cl
Difficulty falling asleep & - & 1.78  1.05-3.02
Loud Snoring & ¥ =) 223 130-3.82
Model 2 (N = 805)
Sleep is unrefreshing & & 156  0.96-253
Loud snoring ® + ' 220 1.28-377
Model 3 (N =290)
AHI* (per 5 units
(per 5 units) *—r—o 123 1.02-147
Difficulty falling asleep & 4 ] 191  0.80-4.58
Loud snoring & 4 * 301  1.39-6.55
0.1 1.0 10.0

Figure 2—Effect of insomnia symptoms and loud snoring on metabolic syndrome incidence, with and without adjustment for AHI. Filled diamonds depict
adjusted odds ratios of developing the metabolic syndrome; filled circles depict lower and upper 95% confidence limits. Odds ratios are adjusted for age, sex,
race (white/black), marital status (married/unmarried), smoking status (ever/never), alcohol consumption (0-3 drinks per week/4 or more drinks per week),
sedentary lifestyle (yes/no), and presence of clinically significant depressive symptoms (yes/no). AHI refers to Apnea Hypopnea Index (continuous, with n =
4 outliers removed). N for Models 1 and 2 = 805 due to missing data. N for Model 3 = 290 (subsample with AHI).
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syndrome over and above baseline metabolic abnormalities,
we conducted logistic regression models that statistically ad-
justed for the number of metabolic abnormalities present at
baseline (0, 1, or 2). With adjustment for baseline metabolic
abnormalities, the effects of DFA and unrefreshing sleep be-
came marginally significant (OR = 1.64, CI: 0.95, 2.82 and
OR = 1.54; CI: 0.94, 2.52, respectively), whereas the effect
of loud snoring remained statistically significant (OR = 1.78,
CI: 1.02, 3.12).

DISCUSSION

Previous research has shown that self-reported sleep dura-
tion and sleep-disordered breathing are prospectively linked
with the development of individual components of the meta-
bolic syndrome, including diabetes or glucose intolerance,
hypertension, and obesity.>® To our knowledge, this is the
first prospective study to evaluate the broader range of sleep
symptoms commonly presented in clinical practice in relation
to the development of the metabolic syndrome over a 3-year
follow-up period. The endorsement of frequent loud snoring
more than doubled the risk of developing the metabolic syn-
drome, and the endorsement of difficulty falling asleep in-
creased the risk by 80%, even after adjusting for demographic,
psychosocial, and lifestyle characteristics. These effects were
similar among men and women and among whites and blacks
in our community sample of middle-aged adults. Finally, our
findings showed that in a population selected to be free of the
metabolic syndrome at baseline, loud snoring, but not DFA or
unrefreshing sleep, predicted the development of the metabolic
syndrome even after accounting for the number of metabolic
abnormalities present at baseline. This finding raises the pos-
sibility that loud snoring may in fact be a causal risk factor for
cardiometabolic dysregulation.

Consistent with evidence suggesting that loud snoring may
be implicated in the pathophysiology of CVD independent of
its relationship with AHI,'**' we found that self-reported loud
snoring was associated with a 3-fold risk of developing the met-
abolic syndrome even after adjusting for DFA and AHI in our
subsample with AHI evaluated. Moreover, our findings link-
ing loud snoring with the development of hyperglycemia and
HDL abnormalities, but not with the blood pressure criterion
of the metabolic syndrome, suggests the possibility of alterna-
tive pathways linking loud snoring with metabolic dysregu-
lation, other than that due to sympathetic activation resulting
from hypoxia. In particular, Hedner et al.?> hypothesized that
snoring-related vibrations may directly lead to atherogenesis
via damage to the endothelial wall and subsequent triggering
of the inflammatory cascade. Consistent with this hypothesis,
in humans, objectively measured snoring in the laboratory was
associated with a more than 10-fold increased risk of having
carotid atherosclerosis, even after accounting for AHI and noc-
turnal hypoxemia.?! Snoring-related sleep fragmentation may
also have a direct adverse impact on cardiometabolic profiles,
by leading to weight gain, perhaps consequent to cortisol up-
regulation® and physical inactivity.?* Alternatively, given lim-
itations of the AHI assessment in the current study (smaller
sample size, use of portable monitoring), loud snoring may
have provided a more reliable measure of chronic exposure of
SDB than one night of airflow monitoring.
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Previous findings that have related sleep disturbances, such
as inadequate sleep or difficulty initiating or maintaining sleep,
to cardiometabolic risk factors or diabetes, are often interpreted
as evidence of the physical health consequences of insomnia.
These interpretations of sleep symptoms rather than the associ-
ated syndrome, per se, belie the reality that the evidence base
linking insomnia with cardiovascular morbidity and mortality
is far from conclusive.

Indeed, our data suggest that DFA and unrefreshing sleep,
which may be isolated sleep disturbances, or symptoms related
to any one of several sleep disorders, such as insomnia, obstruc-
tive sleep apnea, or restless legs syndrome, are risk factors for
the development of the metabolic syndrome; however, the syn-
dromal definition of insomnia was unrelated to the metabolic
syndrome. The symptom of DFA but not the symptom of un-
refreshing sleep was an independent predictor of the metabolic
syndrome even after accounting for the influence of loud snor-
ing. This finding may reflect greater shared variance between the
experience of unrefreshing sleep and loud snoring as compared
to DFA and loud snoring. Indeed, there was a significant over-
lap in reporting the symptoms of unrefreshing sleep and loud
snoring (x> = 10.24, P < 0.01), but there was not a significant
overlap between reporting DFA and loud snoring (y*> = 1.86, P>
0.10). Thus, sleep initiation problems may reflect a more “pure”
measure of the core dysregulation of insomnia, whereas unre-
freshing sleep may represent a more general symptom of sleep
disturbance that is common to both insomnia and SDB.

Previous evidence has linked difficulty falling asleep with
diabetes incidence’ and with mortality.”® Difficulty falling asleep
is less contaminated with the expected age-related increase in
wakefulness during the night.?* Prolonged sleep latency may re-
flect a state of emotional and physiological hyperarousal, which
has been linked with heightened sympathetic activation and hy-
percortisolemia®*—both of which have been implicated in the
pathophysiology of insulin resistance and metabolic syndrome.
Evidence suggests that experimentally induced sleep curtail-
ment at the beginning of the night is associated with activation
of a transcription factor (NF)-kB that serves a critical role in cel-
lular inflammatory signaling.*® Given purported links between
inflammatory processes and metabolic perturbations,’! inflam-
matory upregulation may serve as a pathway linking difficulty
falling asleep with the development of the metabolic syndrome.

While difficulty falling asleep and unrefreshing sleep were
predictors of the metabolic syndrome, neither of these symp-
toms predicted any of the individual factors comprising the
metabolic syndrome. These findings are consistent with the no-
tion that the metabolic syndrome indeed represents a syndrome,
perhaps with a common etiology and with synergistic prognostic
value, rather than the mere sum of its component factors. Nota-
bly, the analyses focusing on individual metabolic components
may have lacked statistical power to detect significant differ-
ences, particularly for the central adiposity and blood pressure
criterion, due to the fact that the sample was restricted to those
individuals not meeting that specific criterion at baseline.

Among those classified as having insomnia syndrome us-
ing more stringent diagnostic criteria, which includes impact
on daytime functioning as well as any sleep complaint, 35%
reported having DFA and 40% reported having unrefreshing
sleep. Despite this overlap, insomnia syndrome was not related
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to metabolic syndrome incidence. These findings suggest that
specific symptoms, DFA, and unrefreshing sleep, may be stron-
ger predictors of cardiometabolic outcomes than the syndrome
of insomnia which includes a combination of at least one sleep
complaint (including, but not limited to DFA or unrefreshing
sleep) as well as a symptom of daytime impairment.

This lack of a statistically significant relationship between
insomnia syndrome and the metabolic syndrome, may have
important treatment implications, as worries about the health
consequences of insomnia are a key perpetuating factor in the
disorder.?® The experience of daytime consequences may be ger-
mane to the decision to treat insomnia and may be relevant to
the psychiatric morbidity associated with insomnia, but may not
be an adequate indicator of disease severity in terms of predict-
ing cardiovascular risk. On the other hand, recent evidence from
Vgontzas and colleagues®” suggests that the presence of insom-
nia in conjunction with a physiologic indicator of disease se-
verity (polysomnographically determined short sleep duration)
strongly and significantly predicts hypertension risk, suggesting
that this phenotype of insomnia may represent a higher threshold
of risk, relevant in the prediction of cardiovascular outcomes.

The current findings are strengthened by the large, represen-
tative sample of community-dwelling white and black men and
women with thorough laboratory assessments of metabolic risk
factors both at baseline and at 3-year follow-up. We also ex-
amined a wide range of sleep disturbances commonly present-
ing in clinical practice and assessed the relative contribution of
SDB and insomnia symptoms using different case definitions.
In addition, analyses controlled for a host of covariates (includ-
ing AHI) that may have confounded the results.

Limitations

A limitation of the study is that we were unable to exam-
ine the relative contribution of AHI versus self-reported sleep
symptoms in predicting incident metabolic syndrome, due to
the cross-sectional nature of the AHI assessment and that AHI
was assessed in a relatively small subsample of the study cohort.
Moreover, AHI was determined via nasal airflow alone. Thus,
we did not have a direct measure of intermittent hypoxemia. In
addition, we did not have objective measures of sleep distur-
bances; however, self-reports of snoring and sleep latency are
correlated with objective measurements.* Finally, because the
study did not include a measure of sleep duration we cannot de-
termine the degree to which current findings may be influenced
by short or long sleep durations—factors which have been reli-
ably linked with cardiometabolic risk in previous investigations.
To better understand the putative mechanisms linking sleep dis-
turbances with cardiovascular risk, future prospective studies
should examine the combination of subjective sleep complaints
in conjunction with physiological indicators of poor sleep in re-
lation to cardiovascular morbidity and mortality.

Summary

This study provides the first prospective evidence to support
a directional link between commonly reported sleep symp-
toms, including difficulty falling asleep and loud snoring and
development of the metabolic syndrome. These relationships
persisted after accounting for the effects of AHI and other rel-
evant covariates, and suggest that loud snoring, in particular, is

SLEEP, Vol. 33, No. 12, 2010

1639

independently implicated in cardiometabolic risk, rather than
merely being a marker for OSA. Insomnia, defined using more
stringent diagnostic criteria, was not a risk factor for the devel-
opment of the metabolic syndrome. Given that in the general
population, sleep complaints are considerably more prevalent
than either insomnia or obstructive sleep apnea syndromes,
these findings have far-reaching implications for public health,
particularly given epidemic levels of obesity and its associated
cardiometabolic consequences, which are associated with sleep
disturbances. These findings reflect the utility of assessing for
common sleep complaints in routine clinical practice as these
individuals may be at elevated risk for the development of the
metabolic syndrome.
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