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Abstract

Background: The constellation of metabolic syndrome, although controversial with regard to its clinical
usefulness, is epidemiologically related to increased diabetes risk and cardiovascular mortality. Our goal was to
investigate the associations among neck circumference (NC), obstructive sleep apnea syndromes (OSAS), and
metabolic syndrome in obese men and women sleeping less than 6.5 hr per night.
Methods: This was a cross-sectional study of obese men and premenopausal obese women sleeping less than
6.5 hr per night. We enrolled 120 individuals (92 women), age 40.5 – 6.9 years and body mass index (BMI)
38.6 – 6.5 kg/m2. Metabolic syndrome severity was assessed by a score and OSAS was defined as a respiratory
disturbance index (RDI) ‡ 5. Metabolic end endocrine parameters were measured, and sleep duration was
determined by actigraphy and validated questionnaires.
Results: Metabolic syndrome was found in 41% and OSAS in 58% (28% had both). Subjects with metabolic
syndrome were 3 years older and more often Caucasian; they had higher RDI scores, larger NC, more visceral
fat, lower serum adiponectin, higher 24-hr urinary norepinephrine (NE) excretion, and lower growth hormone
concentrations. A NC of ‡ 38 cm had a sensitivity of 54% and 58% and a specificity of 70% and 79% in
predicting the presence of metabolic syndrome and OSAS, respectively. RDI, adiponectin, and NC accounted
for approximately 30% of the variability in the metabolic syndrome score, as estimated by an age-, gender-, and
race-corrected multivariate model (R2 = 0.376, P < 0.001).
Conclusion: Greater NC is associated with OSAS and metabolic syndrome in short-sleeping obese men and
premenopausal obese women. Addition of NC to the definition of metabolic syndrome should be considered and
needs to be validated in future studies.

Introduction

Metabolic syndrome increases diabetes risk and
cardiovascular mortality.1,2 Despite improvements in

the awareness of metabolic syndrome, its prevalence has
increased over the past decade.3 Sleep has decreased from
9 hr per day in 1910 to 7 hr in 2010,4 possibly because of

shift-based and night work, longer work days and com-
muting time, psychosocial stress, and the advents of artifi-
cial light, television, radio, computers, and the internet.5

Chronic sleep deprivation impacts endocrine and metabolic
outcomes.6 Acute sleep deprivation activates the hypotha-
lamic–pituitary–adrenal axis, inhibits the growth hormone
(GH)/insulin-like growth factor-1 (IGF-1) axis, increases
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proinflammatory cytokines, and induces insulin resistance.7

Sleep deprivation as a stressor8 may threaten homeostasis,
causing metabolic syndrome and other consequences.9 The
activation of the sympatho-adrenal system causes abdominal
fat accumulation, a source of leptin, adiponectin, and
proinflammatory cytokines.5 Decreased plasma leptin and
increased ghrelin stimulate appetite and may result in a
positive energy balance.10

Sleep alterations and metabolic syndrome often coexist.11 In
approximately 1200 subjects, both short and long sleep in-
creased metabolic syndrome odds by 45%.12 Similarly, both
short and long sleep increased metabolic syndrome risk in a
Korean study.13 Poor sleep quality was associated with increased
metabolic syndrome odds in middle-aged men and women.14

The reported prevalence of obstructive sleep apnea syn-
drome (OSAS) was 24% in men and 9% in women in
1993.15 OSAS and metabolic syndrome have been associ-
ated in adolescents,16 middle-aged men,17 men in their sixth
decade,18 and in different ethnic groups, including men
from Australia19 and men and women from Japan20,21 and
China.22 In a case–control study of nonobese Japanese men
matched for visceral fat,20 OSAS coexisted with hyperten-
sion, dyslipidemia, and hyperglycemia, suggesting that
OSAS can be associated with metabolic syndrome in lean
males. In a trial of obese patients with severe OSAS,
treatment with continuous positive airway pressure (CPAP)
reduced blood pressure.23 In contrast, McArdle et al. re-
ported that metabolic syndrome was equally prevalent in
obese subjects without OSAS versus obese subjects with
OSAS, although these subjects had worse metabolic pro-
files.19 Metabolic syndrome frequently co-exists with
OSAS; however, it does not increase cardiovascular risk
when patients received treatment for OSAS.18 In a sample of
approximately 1000 Brazilian adults, neck circumference
(NC) was related to triglycerides (TGs) and insulin resis-
tance.24 In addition, NC was associated with higher levels of
the prothrombotic factor plasminogen activator inhibitor-1
(PAI-1).25 Previously, we reported in this patient cohort that
short sleep duration by actigraphy is associated with in-
creased odds of OSAS.26 C-reactive protein (CRP), an ac-
cepted marker of inflammation and an independent predictor
of cardiovascular risk, is elevated both in metabolic syn-
drome and in OSAS.27 Finally, several endocrine systems,
including the glucorticoid axis and the sympatho-adrenal
system, are disrupted in obesity and metabolic syndrome.28

In the present study, we establish the prevalence, describe
the features, and identify the mediators of metabolic syndrome
in obese adults reporting sleeping less than 6.5 hr per night.

Methods

Study design and participants

The NIDDK Sleep Extension Study is a randomized,
controlled study of sleep extension.29 Participants were re-
cruited by advertising for men and premenopausal women
aged 18–50 years with a body mass index (BMI) between 30
and 55 kg/m2 who reported sleeping on average less than
6.5 hr per night. The NIDDK Institutional Review Board
approved the protocol and each subject signed the informed
consent. The study was conducted at the National Institutes
of Health (NIH) Clinical Center (CC) (NIDDK protocol 06-
DK-0036, ClinicalTrials.gov identifier NCT00261898).

Assessments

Anthropometrics. Height was observed to the nearest
centimeter using a wall-mounted stadiometer (SECA 242,
SECA North America East, Hanover, MD) and weight was
observed using a stand-on scale with the subject in a
hospital gown to the nearest 1/10th of a kilogram (SR555
SR Scales, SR Instruments, INC, Tonawanda, NY). Waist
circumference (WC) was determined by placing the mea-
suring tape in a horizontal plane around the abdomen
above the uppermost lateral border of the right iliac crest at
the end of a normal expiration. If this site could not be
determined, the maximum circumference was observed at
or near the level of the umbilicus. NC was measured at the
minimal circumference with the subjects’ head in the
Frankfurt Horizontal Plane.

Body composition measurements. Dual-energy X-ray ab-
sorptiometry (DXA) was performed with a Hologic DXA
QDR 4500 (Hologic Inc., Bedford, MA). Abdominal fat
content and distribution were measured at L2–L3 and L4–
L5, using a HiSpeed Advantage CT/I scanner (GE Medical
Systems, Milwaukee, WI) and analyzed on a SUN work-
station using the MEDx image analysis software package
(Sensor System, Sterling, VA). Conventional (nonhelical)
10-mm-thick X-ray abdominal computed tomography (CT)
images limited to the L2–L3 and L4–L5 levels were ob-
tained at 120 kVp, with mAs adjusted according to patient
size. Fully automatic processing of these images30 resulted
in measurements of visceral and subcutaneous adipose
tissue areas, which were summed and normalized by the
imaged volume to estimate subcutaneous and visceral ab-
dominal fat.

Sleep measures. Sleep was estimated by wrist actigraphy
(Actiwatch-64)31 worn continuously for 2 weeks (average
13 – 2 days, median 13, range 5–15). Two measures were
included: Sleep duration, the amount of nighttime sleep
obtained during the 24-hr period; and sleep efficiency, the
percentage of time in bed spent sleeping.

Sleep disordered breathing was assessed using a device
(Apnea Risk Evaluation System, Advanced Brain Monitor-
ing Inc., Carlsbad, CA)31 estimating the respiratory distur-
bance index (RDI), the number of apneas and hypopneas per
hour of sleep. Apnea was defined as cessation of airflow for
10 sec, and hypopnea as airflow < 50% with a 3.5 or greater
percentage desaturation and 1% resaturation.31 Hypopneas
were also determined as a minimum 1% desaturation and
resaturation plus at least one surrogate arousal indicator
(head movement, changes in snoring, or changes in pulse
rate). The device provided mean blood oxygen saturation
(SpO2), and percentage of time that SpO2 was < 90%.
OSAS was defined as having an RDI ‡ 5.

Participants completed the Pittsburgh Sleep Quality Index
(PSQI), a validated 21-item questionnaire with inquiries
about sleep, including quality over the past month. Scores
were dichotomized at £ 5 or > 5, the conventional threshold
for poor sleep quality.32 Daytime sleepiness was assessed by
the Epworth Sleepiness Scale (ESS), a validated 8-item
questionnaire.33 Higher scores represent increased daytime
sleepiness; values > 10 indicate abnormal sleepiness. Par-
ticipants received instructions for maintaining sleep diaries
for the following 2 weeks and for wearing an actigraphy
monitor (Actiwatch-64, Mini Mitter/Respironics/Philips,
Bend, OR) over that same period of time.
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Definition of metabolic syndrome

Metabolic syndrome was defined by at least three of the
following criteria34: (1) Fasting plasma TGs ‡ 150 mg/dL;
(2) fasting plasma glucose (FPG) ‡ 100 mg/dL; (3) fasting
high-density lipoprotein cholesterol (HDL-C), < 40 mg/dL
in men and < 50 mg/dL in women; (4) systolic (SBP) and/
or diastolic blood pressure (DBP) ‡ 130/85 mmHg; (5)
central obesity (WC ‡ 102 cm in men and ‡ 88 cm in
women). If individuals were taking medication for any of
these conditions, they were considered qualifying for that
component, irrespective of the obtained measurement
values.

To assess metabolic syndrome severity, a score (range,
0–57), taking into account age, gender, fasting glucose,
HDL-C, TGs, hypertension, and BMI was computed by
giving a specific weight to each individual component of
metabolic syndrome.35

Clinical laboratory analyses

Morning fasting venous blood was obtained. Plasma glu-
cose and serum TGs, total cholesterol, low-density lipopro-
tein cholesterol (LDL-C), and HDL-C were measured on a
Dimension Vista 1500 analyzer (Siemens Health Diagnostics,
Deerfield, IL). Plasma adrenocorticotropic hormone (ACTH)
and serum cortisol, insulin, IGF-1, and GH were measured
with chemiluminescence immunoassays (Immulite 2000
and 2500; Siemens). The 24-hr urinary free cortisol was
measured by liquid chromatography-tandem mass spec-
trometry, and 24-hr urinary catecholamines [epinephrine
(EPI), norepinephrine (NE), and dopamine] were measured
by high-performance liquid chromatography. Serum leptin
was measured with an enzyme-linked immunosorbent assay
(ELISA) kit from Millipore (Billerica MA). The minimum
detectable concentration was 0.5 ng/mL (intra-CV, 3.7%;
inter-coefficient of variation, 4.0%). Serum adiponectin was
measured by ELISA (Human Total Adiponectin Quantikine
Kit, R&D Systems, Minneapolis, MN) (intra-CV, 3.5%; and
inter-CV, 6.5%). The minimum detectable concentration was
0.25 ng/mL. CRP concentrations were measured with a high-
sensitivity chemiluminescence immunometric assay with a
detection limit of 0.1 mg/L (Immulite 2000, Siemens).

Statistical analysis

Values are mean – standard deviation (SD) or median
with interquartile if distribution was skewed. Normally
distributed continuous variables were assessed by t-test; the
Wilcoxon rank test was used for skewed variables. Asso-
ciations were examined using Pearson or Spearman rank
correlation coefficients, depending on data distribution. Post
hoc tests were conducted using the Bonferroni correction of
significance.

We compared WC, visceral fat by CT, and NC in de-
tecting the presence of metabolic syndrome and OSAS. We
performed sensitivity and specificity analyses using logistic
regression and constructed receiver operating characteristic
(ROC) curves. The optimal cutoff value was defined by the
Youden index (sensitivity + specificity - 1). We fitted a
multiple regression model using those variables of physio-
logical value that were related to each other in univariate
linear regressions at a P value of £ 0.10.

Results

Demographic, anthropometric, and cardiovascular
characteristics according to metabolic
syndrome diagnosis

Subjects with metabolic syndrome (n = 49) were 3 years
older (Table 1). Metabolic syndrome was more common in
whites (53%) than blacks (31%). Individuals with metabolic
syndrome had a larger NC and 30% more visceral fat, but body
weight, BMI, WC, lean body mass, and subcutaneous fat were
similar to individuals without metabolic syndrome. SBP and
DBP, fasting glucose and insulin, homeostasis model assess-
ment (HOMA) index, TGs were higher, and HDL-C was lower
in the metabolic syndrome group. For the whole sample, the
metabolic syndrome score ranged from 6 to 44, with an av-
erage of 19.2 – 8.1. Smoking and medication use was similar.

Blacks versus whites had lower TGs (80.8 – 40.5 vs.
126.1 – 64.9; P < 0.001, after Bonferroni correction), total
cholesterol (172.4 – 31.2 vs. 191.6 – 42.1; P = 0.009, adjusted
by Bonferroni), and LDL-C (107.5 – 29.0 vs. 121.4 – 35.2; adj.
P = 0.026, after Bonferroni correction). The metabolic syn-
drome score tended to be lower in blacks versus whites
(18.0 – 8.3 vs. 20.3 – 7.0; P = 0.09, after adjustment for BMI).
Metabolic syndrome score was higher in men than in women
and, as expected, men had larger NC and WCs than women.

Abnormal values for TGs, HDL-C, and SBP were more
common in the metabolic syndrome group, whereas DBP, fast-
ing glucose, and WC were similar (Fig. 1). Only one participant
met all five criteria of the metabolic syndrome; 13 participants
met four criteria, and 35 participants met three criteria.

Sleep characteristics according to metabolic
syndrome diagnosis

Subjects with metabolic syndrome had higher RDI and a
greater (80% vs. 43%) prevalence of OSAS (Table 2). Other
sleep features were similar. On average, participants had a
sleep efficiency of about 80% and slept approximately 6.0 hr
per night by actigraphy and 6.5 hr by self-report. Sleep
quality, as assessed by PSQI, was abnormal in 83% of the
participants, whereas 30% reported excessive sleepiness.

Hormone levels and CRP according to metabolic
syndrome diagnosis

Leptin levels tended to be lower and adiponectin levels were
lower in subjects with metabolic syndrome (Table 3). Of note,
blacks had lower adiponectin than whites (5115.9 – 3765.3 vs.
7014.8 – 5033.6 units; P = 0.026, after Bonferroni correction),
and tended to have lower leptin levels than whites (57.6 – 28.6
vs. 47.8 – 33.6 units; P = 0.103, after Bonferroni correction).
Subjects with metabolic syndrome had 25% higher 24-hr
urinary NE excretion and lower morning serum GH levels.
There were no differences in ACTH, cortisol, urinary free
cortisol (UFC), urinary EPI and dopamine, and IGF-1. CRP
levels were similarly elevated in both groups.

Relationship between sleep characteristics,
metabolic syndrome criteria, hormones,
and WC and NC

The higher the RDI score and the lower the adiponectin
concentrations, the higher the metabolic syndrome score
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FIG. 1. Percentage and number of participants presenting with individual metabolic syndrome criteria. MetS, metabolic
syndrome; HDL, high-density lipoprotein; N.S., not significant.

Table 1. Anthropometric and Metabolic Syndrome Characteristics of the Study Population

With metabolic
syndrome (n = 49)

Without metabolic
syndrome (n = 71) P value

Age (years) 42.7 – 6.5 39.2 – 6.7 0.005
Sex (M/F) (n) 14/35 14/57 0.261
Race (white/black/other) (n) 22/22/5 19/49/3 0.027
Body weight (kg) 108 – 20.7 107 – 20.2 0.830
BMI (kg/m2) 38.5 – 6.2 38.5 – 6.4 0.953
Waist circumference (all) (cm) 114.4 – 11.7 113.3 – 14.1 0.634
Neck circumference (cm) 40.1 – 3.8 38.5 – 3.8 0.026
Lean body mass (kg) 63.1 – 12.9 59.6 – 11.1 0.134
Body fat (%) 39.8 – 6.9 42.2 – 6.9 0.078
Visceral fat (cm3) 395.5 – 151.5 298.6 – 160.3 0.002
Subcutaneous fat (cm3) 872.0 – 315.2 952.3 – 302.3 0.160
Systolic blood pressure (mmHg) 128.7 – 12.4 120.8 – 11.3 <0.001
Diastolic blood pressure (mmHg) 76.3 – 10.1 72.5 – 9.4 0.034
Fasting glucose (mg/dL) 94.7 – 16.2 86.6 – 8.1 0.002
Fasting insulin (mU/L) 12.8 – 7.2 9.8 – 7.2 0.027
HOMA index 3.0 – 1.9 2.1 – 1.7 0.002
Triglycerides (mg/dL) 121.9 – 65.0 81.7 – 36.7 <0.001
Total cholesterol (mg/dL) 181.9 – 43.9 178.5 – 39.2 0.618
HDL-C (all) (mg/dL) 43.2 – 6.8 54.4 – 14.0 <0.001
HDL-C (men) (mg/dL) 42.4 – 7.6 (n = 14) 48.8 – 9.4 (n = 14) 0.031
HDL-C (women) (mg/dL) 43.5 – 6.5 (n = 35) 55.8 – 14.6 (n = 57) <0.001
LDL-C (mg/dL) 118.1 – 37.1 110.0 – 26.5 0.162
Metabolic syndrome score 24.0 – 8.7 15.9 – 5.7 <0.001
Current smoker (Y/N/Unknown) (n) 3/44/2 7/56/8 0.260

Medications (n)
Psychiatric 1 5 0.416a

Antidiabetic 3 0 0.131a

Anti-inflammatory 4 4 0.850a

Statins 4 3 0.601a

Antihypertensive 12 15 0.829a

Intranasal steroids 4 4 0.850a

Oral contraceptives (women only) 1 7 0.183a

aChi-squared test P value.
Significant P values are in bold.
BMI, body mass index; HOMA, homeostasis model assessment; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density

lipoprotein cholesterol.
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(Fig. 2A, B). RDI and adiponectin were inversely related
(Fig. 2C). Figure 3 depicts the relationship between WC and
NC versus RDI (upper panels) and versus metabolic syn-
drome score (lower panels). WC and NC were directly re-
lated to RDI. NC was also directly related to the metabolic

syndrome score, in contrast to WC (Fig. 3). In addition, NC
was directly related to fasting insulin (r = 0.476; P < 0.001),
and HOMA index (r = 0.461; P < 0.001), and was inversely
related to SpO2 (r = - 0.354; P < 0.001). These correla-
tions remained significant after adjustment for BMI.

Table 2. Sleep Characteristics of the Study Population

With metabolic
syndrome (n = 49)

Without metabolic
syndrome (n = 71) P value

RDI score (events/hr) (n = 100) 13.9 – 14.2 10.1 – 16.3 0.015
SpO2 (%) (n = 100) 96.2 – 1.0 96.0 – 2.3 0.525
OSAS (Y/N) RDI < 5 RDI > 5 RDI < 5 RDI > 5

8 32 34 26 0.001a

Actigraphy sleep efficiency (%) 80.9 – 7.0 79.5 – 5.9 0.257
Actigraphy sleep duration (min/night) 363 – 48 352 – 51 0.229
Subjective sleep duration (min/night) 388 – 50 383 – 49 0.638
PSQI global score (optimal, 0–5) 8.1 – 3.1 8.2 – 2.5 0.770
PSQI < 5 10 9 0.247a

PSQI > 5 38 61
PSQI self-reported (hr) 5.6 – 0.9 5.7 – 0.9 0.295
Epworth sleepiness score (optimal, 0–10) 7.7 – 4.3 8.7 – 4.7 0.243
Epworth score > 10 35 45 0.342a

Epworth score > 10 12 13

aChi-squared test P value.
Significant P values are in bold.
OSAS, obstructive sleep apnea syndromes; RDI, respiratory disturbance index; PSQI, Pittsburgh Sleep Quality Index.

Table 3. Endocrine Features of the Study Population

With metabolic
syndrome (n = 49)

Without metabolic
syndrome (n = 71) P value

Leptin (ng/mL)
Mean – SD 46.7 – 28.9 56.9 – 31.2 0.073
Median (IQT)a 40.8 (24.1–63.4) 49.6 (33.2–81.1) 0.058

Leptin (ng/mL) Men Women Men Women Men Women
21.4 – 11.9 56.9 – 27.5 27.0 – 18.7 64.3 – 29.3 0.571 0.191

(n = 14) (n = 35) (n = 14) (n = 57)

Adiponectin (ng/mL)
Mean – SD 5101 – 3868 6210 – 4460 0.161
Median (IQT)a 3682 (2746–5905) 5093 (3458–7249) 0.045

Adiponectin (ng/mL) Men Women Men Women Men Women
4552 – 2484 5320 – 4312 4398 – 1983 6663 – 4793 0.804 0.037a

(n = 14) (n = 35) (n = 14) (n = 57)

ACTH (pg/mL) 23.3 – 17.6 22.0 – 17.6 0.700
Cortisol (mg/dL) 9.5 – 3.9 9.6 – 4.6 0.920
Urinary free cortisol (mg/24 hr) 19.8 – 12.6 22.1 – 14.8 0.362
Urinary NE (mg/24 hr) 51.8 – 16.7 39.3 – 18.4 <0.001
Urinary EPI (mg/24 hr) 4.5 – 2.9 3.9 – 3.0 0.313
Urinary dopamine (mg/24 hr) 266.7 – 92.9 265 – 90.4 0.962
Growth hormone (ng/mL) 0.5 – 0.9 1.0 – 1.6 0.026
Log growth hormone –0.64 – 0.44 –0.39 – 0.59 0.013
IGF-1 (ng/mL) 134.6 – 45.8 144.2 – 51.7 0.299
C-reactive proteina (mg/L) 4.23 (1.78–8.54) 4.15 (1.41–8.45) 0.924

(n = 47) (n = 64)
Log CRP 0.56 – 0.42 0.54 – 0.51 0.809

aValues are reported as median with interquartile range due to skewed distribution.
To convert gravimetric units for hormones to SI units, use the following conversion factors:
ACTH (corticotropin), pg/mL * 0.22 = pmol/L; adiponectin, ng/mL * 33.33 = pM; cortisol, mg/dL * 27.59 = nmol/L;
CRP mg/L * 9.52 = nmol/L; dopamine, mg/24 hr * 6.58 = nmol/24 hr; epinephrine, mg/24 h * 5.46 = nmol/24 hr; growth hormone, ng/mL *

1.00 = mg/L; IGF-1, ng/mL * 1.00 = mg/L; leptin ng/mL * 1.00 = mg/L; norepinephrine, mg/24 hr * 5.91 = nmol/24 hr.
Significant P values are in bold.
SD, standard deviation; IQT, interquartiles; ACTH, adrenocorticotropin; NE, norepinephrine; EPI, epinephrine; IGF-1, insulin-like

growth factor-1; CRP, C-reactive protein.
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NC was inversely related to sleep duration by actigraphy
(r = - 0.211; P = 0.029), but this correlation lost signifi-
cance after adjustment for BMI (partial r = - 0.183;
P = 0.061). Finally, SpO2 and metabolic syndrome score
were inversely related (r = - 0.207, P = 0.039). NC was
more strongly related to visceral fat (r = 0.674, P < 0.001)
as compared to WC (r = 0.382, P < 0.001), the latter being

highly associated with subcutaneous fat (r = 0.712,
P < 0.001) as compared to NC that did not show any sig-
nificant association (r = 0.125, P = 0.20). When expressed
as percent of total abdominal fat, visceral and subcutane-
ous fat were only related to NC (jrj = 0.482, P < 0.001) but
not WC (jrj = 0.062, P = 0.52).

Due to the small number of men, sensitivity and speci-
ficity analyses for metabolic syndrome and OSAS by using
WC, visceral fat, and NC were performed only in women
(Fig. 4). WC was unrelated to metabolic syndrome, whereas
both visceral fat and NC were predictive of metabolic
syndrome. Visceral fat at the optimal cutoff (238 cm3) re-
sulted in a sensitivity of 83% and a specificity of 48%, and
NC at the optimal cutoff (38 cm) resulted in a sensitivity of
54% and a specificity of 70%. WC, visceral fat, and NC
were all predictive of OSAS. WC at the optimal cutoff
(108 cm) had a diagnostic sensitivity of 71% and a speci-
ficity of 56%; visceral fat at the optimal cutoff (244 cm3)
resulted in a sensitivity of 83% and a specificity of 62%,
whereas NC at the optimal cutoff (38 cm) produced a sen-
sitivity of 58% and a specificity of 79%.

We fitted an age/gender/race-corrected, multivariate,
forward stepwise predictive model for the metabolic syn-
drome score (Table 4). The variables selected at P < 0.10
level included RDI, SpO2, NC, 24-hr urinary NE, 24-hr
urinary dopamine, serum cortisol, GH, leptin, and adipo-
nectin, of which the model retained RDI, adiponectin, and
NC. RDI, adiponectin, and NC together accounted for ap-
proximately 38% of the variability in metabolic syndrome.

Discussion

Metabolic syndrome was associated with OSAS in obese
individuals sleeping less than 6.5 hr. NC was larger in
subjects with metabolic syndrome and was directly related
to RDI, the metabolic syndrome score, and insulin resis-
tance, and inversely related to sleep duration. Of note, NC
was related to the metabolic syndrome score, whereas WC
was not. RDI, together with adiponectin and NC, accounted
for one-third of the variability of metabolic syndrome, a
heterogeneous syndrome. In addition, NC had comparable
sensitivity and specificity to WC in predicting OSAS. On the
basis of our model, a 10-unit increase in RDI, or a 2000 ng/
mL decrease in adiponectin, would worsen the score by 1
point, whereas a 5-cm increase in NC would worsen the
metabolic syndrome score by almost 3.5 points.

The importance of metabolic syndrome resides in its
ability to predict diabetes and cardiovascular mortality
better than the sum of its components.35 A global metabolic
syndrome score was validated in the GISSI Study, in which
approximately 11,000 patients with recent myocardial in-
farction were followed for up to 3.5 years.35 In the GISSI
Study, a score of 28 elicited the best sensitivity and speci-
ficity. Our average metabolic syndrome score was lower, 24,
but our subjects were on average 10 years younger.

Our OSAS prevalence was higher than the 22% preva-
lence reported in a study of short, normal, and long
sleepers with an average BMI of 27.12 Many studies have
investigated the relationship between OSAS and cardio-
metabolic parameters.16–18,21,22 In the NHANES, subjects
with three or more sleep disorders had a 3.92 odds ratio
(OR) of having metabolic syndrome.36 OSAS was inde-
pendently associated with metabolic parameters in

FIG. 2. Relationships between respiratory disturbance in-
dex (RDI), metabolic syndrome score, and adiponectin. Note
the use of safe logarithmic scale, namely, LOG10(1 + RDI) on
the x axis. MetS, metabolic syndrome; RDI, respiratory dis-
turbance index.
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metabolic syndrome, as well as with an increased preva-
lence of metabolic syndrome.23 Furthermore, OSAS was
independently associated with metabolic syndrome, but not
with insulin resistance.17 A study from Hong Kong22 re-
ported a five-fold increased risk for metabolic syndrome in
individuals with OSAS.

Among the sleep parameters measured in our study, only
OSAS differed among subjects with metabolic syndrome
and those without it. It is possible that the average sleep
duration of our sample, 6 hr, represented a degree of sleep
deprivation inadequate to have an impact on metabolic
syndrome. In addition, compensatory mechanisms may de-
velop with chronic sleep deprivation. Of note, most of the
studies on the effect of sleep deprivation on metabolic
syndrome applied acute sleep deprivation.6,10

There were no WC differences between subjects with
and subjects without metabolic syndrome, although sub-
jects with metabolic syndrome had 35% more abdominal
fat. The imprecision of WC measurement in obese sub-
jects may limit its value in this population. Although CT
scan accurately measures visceral fat, its large-scale use
would be impractical because of radiation exposure and
cost. Subjects with OSAS had a larger NC even if there
were no BMI differences between groups. NC was pos-
itively related, even after adjustment for BMI, to HOMA
index and fasting insulin, as well as RDI and blood
oxygen saturation.

NC had higher specificity than WC for OSAS. Of note,
NC was negatively related to sleep duration by actigraphy.
The fact that NC, independent of BMI, was related to glu-
cose metabolism suggests a relationship with insulin secre-
tion and action. We confirmed the association between NC
and HOMA index that had been reported in a smaller
sample.37 NC may also be a useful screening tool for car-
diovascular risk assessment in pediatric populations.38

These findings are in accord with several previous reports.
An independent contributory role for NC to the likelihood of
metabolic syndrome has been reported in large samples
from Turkey,39 China,40,41 and South Africa.42

Subjects with metabolic syndrome tended to have lower
leptin levels and had lower adiponectin levels. Hypoadipo-
nectemia is a risk factor for diabetes and cardiovascular
disease.43 Similarly, the leptin/adiponectin ratio is an inde-
pendent predictor of carotid intima media thickness.44 Ur-
inary NE concentration was higher in subjects with metabolic
syndrome, indicating an activation of the sympathetic system.
Morning GH levels were also higher in subjects with meta-
bolic syndrome. Night workers secrete more GH during
daytime, suggesting compensatory mechanisms.45

Metabolic syndrome was more common in whites than in
blacks, and blacks had lower TGs, total cholesterol, and
LDL-C. The threshold values currently assigned to TGs and
HDL-C may underestimate the metabolic risk in blacks
carried by ‘‘normal’’ values for these analytes.46

FIG. 3. Relationship between waist circumference, neck circumference, and respiratory disturbance index (RDI), as well
as waist circumference, neck circumference (NC), and metabolic syndrome score (n = 100). Note the use of safe logarithmic
scale, namely, LOG10(1 + RDI) on the y axis of A and B. MetS, metabolic syndrome; RDI, respiratory disturbance index.

SLEEP AND METABOLIC SYNDROME 237



F
IG

.
4
.

R
ec

ei
v
ed

o
p
er

at
in

g
ch

ar
ac

te
ri

st
ic

(R
O

C
)

cu
rv

es
fo

r
th

e
d
ia

g
n
o
st

ic
p
er

fo
rm

an
ce

o
f

w
ai

st
ci

rc
u
m

fe
re

n
ce

,
v
is

ce
ra

l
fa

t,
an

d
n
ec

k
ci

rc
u
m

fe
re

n
ce

(N
C

)
m

ea
su

re
m

en
ts

re
g
ar

d
in

g
m

et
ab

o
li

c
sy

n
d
ro

m
e

an
d

o
b
st

ru
ct

iv
e

sl
ee

p
ap

n
ea

sy
n
d
ro

m
es

(O
S

A
S

)
in

9
2

sh
o
rt

-s
le

ep
in

g
o
b
es

e
w

o
m

en
.

T
h
in

li
n
es

sh
o
w

9
5
%

co
n
fi

d
en

ce
in

te
rv

al
s,

ar
ro

w
s

p
o
in

t
at

th
e

o
p
ti

m
al

cu
to

ff
as

d
efi

n
ed

b
y

th
e

Y
o
u
d
en

in
d
ex

fo
r

d
ia

g
n
o
st

ic
se

n
si

ti
v
it

y
an

d
sp

ec
ifi

ci
ty

,
an

d
ar

ea
u
n
d
er

th
e

cu
rv

e
(A

U
C

).

238



Because of the cross-sectional design of this analysis, we
could not assess causality. We did not use polysomnography
that could have documented the presence of OSAS. Of note,
actigraphy monitors are less reliable when there are exces-
sive limb movements during sleep, such in subjects with
OSAS.47 Single hormonal determinations may have missed
changes in circadian hormonal secretion. On the other hand,
this cohort of obese sleep-deprived subjects was homoge-
neous and prospectively assembled, and sleep features were
characterized in depth by actigraphy monitors and several
validated questionnaires.

We found that even mild OSAS was associated with
metabolic syndrome. We have confirmed the association of
NC versus OSAS and metabolic syndrome and suggest that
NC be routinely measured in obese subjects. Given the re-
lationship between NC and OSAS and the fact that NC
measurements can be assessed more readily than OSAS, we
concur with the recommendation of including NC in the
definition of metabolic syndrome.
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