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THE METABOLIC SYNDROME IS A CO-OCCURRENCE 
OR CLUSTERING OF METABOLIC DISTURBANCES 
THAT RESULTS IN A HIGHER RISK OF TYPE 2 DIABETES 
and cardiovascular disease1 and may contribute to the patho-
genesis of other complex diseases, including colon and other 
cancers.2 The metabolic syndrome is becoming increasingly 
more prevalent worldwide3-5 with approximately 25% to 40% of 
adult Americans (at least 47 million people) reported to have the 
syndrome.6,7 Although the metabolic syndrome has been shown 
to increase with age, recent studies have also indicated a rise 
in the prevalence among younger subjects, particularly women 
aged 20 to 39 years, a rise that appears to mirror the increasing 
rates of obesity among women compared to men in the United 
States.1 In terms of ethnicity, Mexican Americans appear to 
have the highest prevalence of the syndrome (31.9%) followed 
by Caucasians (23.8%) and African Americans (21.6%).6

The metabolic syndrome has been defined formally by sev-
eral agencies, including the World Health Organization,8 Na-
tional Cholesterol Education Program Third Adult Treatment 

Panel,9,10 American Heart Association/National Heart, Lung 
and Blood Institute,11,12 and the International Diabetes Feder-
ation.13 Although there is some disparity among these defini-
tions, differences predominantly occur in the cutpoint values 
applied, the number of individual attributes required, the em-
phasis on central obesity, and consideration of medication use. 
Nevertheless, all of the definitions encompass some criteria of 4 
key elements: insulin resistance/glucose dysregulation, obesity, 
hypertension, and dyslipidemia.

To help understand the underlying complex pathophysiology of 
the metabolic syndrome, researchers have utilized factor-analysis 
methods to determine the number of components (or factors) that 
best represent the syndrome statistically and to assess the strength 
of the relationships between each measurable attribute and the 
underlying latent factor, as well as relationships between factors, 
using factor loadings. Although some inconsistencies have been 
reported, most studies in adults using 8 to 10 metabolic measures 
(fasting insulin level, fasting glucose level, postchallenge insulin 
level, postchallenge glucose level, body mass index [BMI], waist 
circumference [waist], waist-to-hip ratio [WHR], high density 
lipoprotein-cholesterol level [HDL], triglyceride levels, systolic 
blood pressure [SBP], and diastolic blood pressure [DBP]) have 
shown that 4 factors— insulin resistance, obesity, blood pressure, 
and lipids—best describe the metabolic syndrome as a unifying, 
second-order construct.14-16

Recently, sleep disturbances, including obstructive sleep ap-
nea (OSA), sleep deprivation, and sleep fragmentation, have 

Syndrome Z

Empirical Evidence for “Syndrome Z”: A Hierarchical 5-Factor Model of the 
Metabolic Syndrome Incorporating Sleep Disturbance Measures
Nora L. Nock, PhD1,2; Li Li, PhD1-3; Emma K. Larkin, PhD4; Sanjay R. Patel, MD, MS5; Susan Redline, MD, MPH1-5

1Department of Epidemiology and Biostatistics, 2Center for Transdisciplinary Research on Energetics and Cancer, 3Department of Family 
Medicine, 4Center for Clinical Investigation, and 5Division of Pulmonary, Critical Care and Sleep Medicine, University Hospitals Case Medical 
Center, Case Western Reserve University, Cleveland, OH

Study objective: Sleep disturbances have been associated with in-
dividual components of the metabolic syndrome (“syndrome X”), and, 
although the concept has been proposed, it is not known whether sleep 
disturbances actually cluster with features of the metabolic syndrome 
to produce a unifying trait, “syndrome Z”. Therefore, we evaluated a 
second-order factor model, whereby syndrome Z was described by 5 
first-order factors – insulin resistance, obesity, hypertension, dyslipi-
demia, and sleep disturbance – with the sleep disturbance factor de-
fined using the apnea-hypopnea index, arousal index, percentage of 
sleep time with oxygen saturation less than 90%, and percentage of 
slow wave sleep.
design: Observational, cross-sectional study.
Setting: Clinical research center.
Participants: Five hundred thirty-three adults from the Cleveland Fam-
ily Sleep Study who underwent polysomnography and were not treated 
by continuous positive airway pressure.
measurements and results: When modeling syndrome Z as a sec-
ond-order factor unifying 5 first-order factors, we observed good overall 
model fit (χ2/df = 3.20; CFI = 0.96; RMSEA = 0.06; SRMR = 0.05) and 

found that obesity was the most important determining factor (stan-
dardized loading = 0.85 ± standard error = 0.02; P < 0.01) followed by 
sleep disturbance (0.82 ± 0.03; P < 0.01), insulin resistance (0.67 ± 
0.03; P < 0.01), hypertension (0.64 ± 0.04; P < 0.01), and dyslipidemia 
(0.60 ± 0.05; P < 0.01). Simultaneous multiple group analyses revealed 
that this model was essentially generalizable across age, race, and sex 
subgroups.
Conclusions: Our results demonstrate that sleep disturbance co-ag-
gregates with other metabolic features to represent a single unifying 
trait, syndrome Z. Although our model awaits validation in other popu-
lations, it provides a tool for better understanding the synergistic risk 
of syndrome Z, compared with syndrome X, on type 2 diabetes and 
cardiovascular disease in future studies.
Keywords: Sleep, metabolic syndrome, factor analysis, Syndrome Z
Citation: Nock NL; Larkin EK; Patel SR; Redline S. Empirical evi-
dence for “Syndrome Z”: a hierarchical 5-factor model of the meta-
bolic syndrome incorporating sleep disturbance measures. SLEEP 
2009;32(5):615-622.

Submitted for publication June, 2008
Submitted in final revised form January, 2009
Accepted for publication January, 2009
Address correspondence to: Nora L. Nock, PhD, Department of Epidemi-
ology and Biostatistics, Case Western Reserve University, 2103 Cornell 
Road, Cleveland, OH 44106-7281; Tel: (216) 368-5653; Fax: (216) 368-
4880; E-mail: nora.nock@case.edu

Sleep Disturbances and the Metabolic Syndrome—Nock et al



SLEEP, Vol. 32, No. 5, 2009 616

been suggested to be involved in the development of the meta-
bolic syndrome.17 OSA, a chronic illness characterized by re-
petitive episodes of partial or complete cessation of breathing 
during sleep, may affect up to 17% of middle-aged adults18 and 
has been associated with all 4 of the more established compo-4 of the more established compo- of the more established compo-
nents of the metabolic syndrome,17 leading to the suggestion 
that a “syndrome Z” exists.19 Although the co-aggregation of 
OSA with the metabolic syndrome has been largely attributed to 
obesity, the exact mechanisms driving the association between 
OSA and the metabolic syndrome and its individual features re-
main to be elucidated. Tasali and Ip20 have suggested that OSA 
leads to chronic intermittent hypoxia and sleep fragmentation 
from arousals, which lead to a cascade of pathogenic mecha-
nisms, such as oxidative stress and neurohumoral changes, 
that, in turn, lead to insulin resistance, hypertension, and dys-
lipidemia. Furthermore, both experimental and epidemiologic 
studies have implicated sleep deprivation and sleep fragmenta-
tion in the pathogenesis of impaired glucose tolerance21-23 and 
hypertension.24-26 In particular, suppression of deep or slow 
wave sleep (SWS), without any change in total sleep time, has 
recently been demonstrated to result in decreased insulin sensi-
tivity and reduced glucose tolerance.27

Despite these suggested associations for the concept of syn-
drome Z, there is currently no evidence that sleep disturbance 
actually clusters with other traditionally recognized features of 
the metabolic syndrome to produce a unifying trait. Therefore, 
we used factor analysis to evaluate the fit of a second-order 
factor model for syndrome Z, whereby the second-order factor, 
syndrome Z, was defined by 5 first-order factors: insulin re-
sistance, obesity, hypertension, dyslipidemia, and sleep distur-
bance. We defined the sleep-disturbance factor with 4 measures, 
the apnea-hypopnea index (AHI), the arousal index (ArI), the 
percentage of sleep time when oxygen saturation was less than 
90%, and the percentage of sleep time in SWS. Because sleep 
disturbance and metabolic measures may vary by age, sex, and 
race,1,6,28,29 we also tested for generalizability of the model using 
simultaneous multiple group factor analysis methods.

mATerIALS And meTHodS

Study Population

The Cleveland Family Sleep Study population has been pre-
viously described.30 Briefly, index probands with a laboratory-
confirmed diagnosis of OSA and family members with and 
without OSA were recruited to participate in this study over a 
15-year period. In the last examination (conducted in the years 
2001-2006), a subset (n = 735) of individuals from families with 
siblings having extreme high or low values of AHI were select-
ed for more detailed evaluation. Specifically, each participant 
completed overnight polysomnography, venipuncture before 
(~22:00) and after sleep and after an overnight fast (~07:00), 
an oral glucose test, and a standardized validated question-
naire, which assessed demographics, sleep habits and symp-
toms, medical history, medication use—including diabetic and 
antihypertensive medications—and other habits.31 The study 
was approved by the University Hospitals Institutional Review 
Board. The current analysis included 533 subjects (older than 
16 years of age) from 133 families who participated in the most 

recent evaluation, were not treated for sleep apnea by continu-
ous positive airway pressure, and had complete information on 
all metabolic and sleep measures (discussed below).

metabolic measures

Height was measured to the nearest 0.5 cm using a wall-
mounted stadiometer, and weight was measured to the nearest 
0.1 kg with a calibrated scale (Health-o-meter®, Jarden Con-
sumer Solutions, Boca Raton, FL) in subjects without shoes. 
Waist circumference was measured to the nearest 0.5 cm in 
duplicate around the smallest circumference midway between 
the iliac crest and the lowest lateral portion of the rib cage us-
ing a nonstretchable tape and averaged. BMI was calculated 
as weight in kilograms (kg) divided by the square of height in 
meters (kg/m2).

Glucose tolerance testing involved oral administration of 75 
grams of anhydrous glucose followed by venipuncture 2 hours 
later. Insulin levels were measured by radioimmunoassay (Di-
agnostic Products, Los Angeles, CA), and glucose levels by en-
zymatic glucose oxidase method (YSI Life Sciences, Yellow 
Springs, OH). Lipid levels (triglycerides, HDL cholesterol) 
from blood serum obtained with the subjects fasting were mea-
sured by enzymatic methods using Centers for Disease Control 
and Prevention guidelines.32 Systolic and diastolic blood pres-
sure were each determined using the average of 9 measurements 
following standardized guidelines using a calibrated sphygmo-
manometer33 and based on performance in triplicate at 3 dif-3 dif- dif-
ferent times: before bed (~22:00); upon awakening (~07:00); 
and, after sitting (~11:00). Because of potential confounding 
by treatment, blood pressure and insulin and glucose measure-
ments were also evaluated using values adjusted for the use of 
blood pressure and diabetes medications, respectively. Follow-
ing the protocol of Cui et al,34 we added 10 mm Hg to SBP and 5 
mm Hg to DBP in subjects who reported taking blood pressure 
medications within 3 days of their blood pressure being mea-
sured. No precedent exists on how to adjust for the use of dia-
betes medications. Therefore, subjects taking medications for 
diabetes were assigned a glucose value equal to the midpoint of 
the highest quintile of glucose level observed in subjects who 
were not taking medications for diabetes. Similarly, subjects 
taking medications for diabetes were assigned an insulin level 
equal to the midpoint of the highest quintile of insulin level ob-
served in subjects who were not taking medications for diabe-
tes. To evaluate the potential impact of adjusting for medication 
use, we performed analyses using the unadjusted and adjusted 
variables separately.

Sleep measures

We objectively measured sleep parameters using overnight 
14-channel polysomnography obtained in a clinical research 
unit, as previously described.31 An apnea was defined as a com-
plete or almost complete cessation of airflow, as measured by 
a nasal-oral thermocouple, lasting 10 seconds or longer. Hy-
popneas were scored when the amplitude of the sum of the ab-
dominal and thoracic inductance signals or the nasal pressure 
flow signal were clearly reduced for longer than 10 seconds 
and resulted in a 3% or greater desaturation. Overnight oxygen 
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saturation (and degree of hypoxemia) were measured with a fin-
ger pulse oximeter (Nonin, Inc., Plymouth, MN) and quantified 
as the percentage of sleep time when oxygen saturation was less 
than 90%. Sleep stages were scored according to standardized 
guidelines,35 and stages 3 and 4 were combined to represent 
SWS. Arousals were identified according to standard criteria,36 
and the ArI defined as the number of cortical arousals per hour 
of sleep.

Statistical Analysis

Because of the inherent complexity in the methods employed, 
we first summarize here the objective for each method and then 
describe the methods in more detail in the subsequent para-
graphs. We used exploratory factor analysis (EFA) to confirm 
that 5 distinct factors would emerge when 4 new sleep distur-4 new sleep distur- new sleep distur-
bance measures were integrated with the 10 metabolic mea-
sures previously shown to represent the metabolic syndrome 
as a second-order factor. We used confirmatory factor analysis 
(CFA) to test the fit of our hypothesized second-order syndrome 
Z factor model and used CFA to compare this second-order syn-
drome Z model to a model that allowed all factors to correlate 
freely and imposed no constraints on how the factors were re-
lated to each other (i.e., a model that suggests that no unifying 
factor [syndrome Z] exists). We used simultaneous multiple-
group CFA to test for generalizability of the model across age, 
race, and sex subgroups.

Before conducting factor analysis, we examined the distri-
bution of all of the variables using SAS v9.1 (SAS Institute 
Inc., Cary, NC). Variables with extreme skew or kurtosis (fast-
ing insulin level, postchallenge insulin level, triglyceride levels, 
AHI, percentage of time with an oxygen saturation below 90%, 
ArI, and percentage of SWS) were natural log transformed to 
approximate a normal distribution. The factor analysis method 
(i.e., EFA versus CFA) that should be used for examining the 
structure of the metabolic syndrome has been debated.37,38 Be-
cause we were integrating 4 new sleep measures with 10 previ-4 new sleep measures with 10 previ- new sleep measures with 10 previ-
ously established metabolic variables15,16 and because we had 
clustered (family) data (which cannot be readily handled in 
current EFA methods), we performed an initial evaluation with 
EFA (Promax rotation) to confirm our biologically driven hy-
pothesis that 5 distinct factors would emerge using eigenvalue 
and factor pattern and pattern-loading criteria.39 Then we pro-
ceeded with CFA using a robust maximum likelihood estima-
tor (MLR), which provides test statistics and standard errors 
robust to nonindependence of observations and nonnormal-
ity (Mplus v4.21; TYPE = COMPLEX; http://www.statmodel.
com), to formally test our hypothesized 5-factor hierarchical 
model versus viable alternative nested model or models. CFA 
also enabled us to perform simultaneous multiple group analy-
sis to test the generalizability (invariance) of the model across 
sex, ethnic, and age groups. The Lagrange multiplier test was 
used to detect significant differences in factor loadings between 
groups.40 All P values were from 2-sided tests, and statistical 
significance was set at ≤ 0.05.

To assess the overall goodness-of-fit of the model to the data, 
the χ2 test, comparative fit index (CFI), root mean square error 
of approximation (RMSEA), and standardized root mean square 
residual (SRMR) were evaluated.41 The χ2 test, which evaluates 

whether the covariance matrix is equal to the model-implied co-
variance matrix predicted by the parameters, however, is very 
sensitive to sample size and model complexity. Thus, other fit 
indexes, including the ratio of the χ2 to the degrees of freedom 
(df) (χ2/df.), CFI, RMSEA, and SRMR have been proposed as 
alternative descriptive measures for evaluating overall model 
fit. Although no absolute standards exist, a χ2/df ratio of 2 has 
been suggested to represent a good model fit, whereas a ratio 
of 3.0 or as high as 5.0 may represent an acceptable model fit; 
however, the χ2/df index does not fully correct for the influence 
of sample size.41 Values for the CFI, which is relatively insensi-
tive to sample size and model complexity, of at least 0.90 and 
at least 0.95 have been suggested to represent acceptable and 
good model fit, respectively.42,43 RMSEA is an index that is less 
sensitive to sample size, which favors more parsimonious mod-
els, and RMSEA values of 0.06 or less represent good model fit, 
whereas values exceeding 0.10 represent unacceptable fit.42,44 
For the SRMR, which accounts for differences in scale in com-
puting residuals, values of 0.08 or less and less than 0.10 repre-
sent good and acceptable fit, respectively.41,42 To compare nested 
models, we used the χ² difference test with the Satorra-Bentler 
scaled χ², which has scaling factors to correct for nonnormality 
(χ²c) (http://www.statmodel.com/chidiff.shtml).

reSULTS

The characteristics of the study population are presented in 
Table 1. The mean age was approximately 40 years, and the 
population was approximately 43% male, 43% Caucasian, and 
57% African American. On average, the population was obese 
(mean BMI of 30.6 kg/m2), with a slightly larger mean BMI 
found in women than in men. Overall, OSA severity was mild 
to moderate based on the mean AHI (11.8 events/h). AHI and 
ArI were both higher in men, and percentage of time in SWS 
was lower in men and African Americans.

Before proceeding to CFA, we conducted EFA only to con-
firm the presence of 5 distinct factors when we integrated the 
4 new sleep measures (AHI, ArI, percentage of time with an 
oxygen saturation < 90%, and percentage of time in SWS) with 
the 10 metabolic variables (fasting glucose level, fasting insulin 
level, postchallenge glucose level, postchallenge insulin level, 
BMI, WHR, triglyceride levels, HDL, SBP, and DBP) previ-
ously shown to represent the metabolic syndrome as a unifying, 
second-order factor model.15 However, because waist circumfer-
ence appears to be a better measure in predicting the metabolic 
syndrome,16,45 we replaced WHR with waist circumference. We 
observed eigenvalues of 5.43, 1.67, 1.17, 1.08, and 1.03 and 
factor patterns that exhibited strong (> ± 0.40), significant (P 
< 0.001) loadings for 5 distinct factors that we labeled insulin 
resistance, sleep disturbance, obesity, lipids (dyslipidemia), and 
blood pressure (hypertension) (Table 2).

We next conducted CFA to formally test the fit of our hypoth-
esized, second-order (hierarchical) 5-factor model of syndrome 
Z. This model, depicted in Figure 1, had good overall model fit 
(χ²/df = 3.20; CFI = 0.96; RMSEA = 0.06; SRMR = 0.05) and 
highly significant (P < 0.001) loadings for all measures on their 
respective factors and for all first-order factors on the second-or-
der factor when including paths for residual correlations between 
postchallenge glucose level and postchallenge insulin level and 
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is generally consistent with the order of importance found in the 
EFA results (Table 2). The standardized residual covariance was 
0.33 (P < 0.01) between postchallenge glucose and insulin levels, 
0.24 (P < 0.01) between fasting insulin level and BMI, -0.37 (P < 
0.01) between ArI and SWS, and -0.23 (P < 0.01) between fast-
ing insulin level and AHI. The second-order syndrome Z factor 
explained 72%, 67%, 44%, 42%, and 37% of the variance (R2) 
in the obesity, sleep disturbance, insulin resistance, lipids, and 
blood pressure factors, respectively. In a 5-factor model integrat-
ing measures (SBP, DBP, fasting insulin level, fasting glucose 
level, postchallenge insulin level, and postchallenge glucose lev-
el) that were unadjusted for the use of hypertension or diabetes 
medications, we obtained similar results in overall model fit (χ2/
df = 2.76, CFI = 0.96, RMSEA = 0.06, and SRMR = 0.05) and in 
the factor loadings (obesity: 0.85 ± 0.02, P < 0.01; sleep distur-
bance: 0.81 ± 0.03, P < 0.01; insulin resistance: 0.63 ± 0.03, P < 
0.01; hypertension: 0.61 ± 0.04, P < 0.01; dyslipidemia: 0.60 ± 
0.05, P < 0.01).

We next compared the hierarchical 5-factor model (Figure 1) 
to a 5-factor model that allowed all factors to correlate freely 

between fasting insulin and BMI, as previously reported,15,16 and 
between ArI and percentage of time in SWS and between fasting 
insulin level and AHI. The magnitude and significance of the fac-
tor loadings can be used to evaluate the strength of the relation-
ship between the observed measure and the underlying factor and 
between the factors. In the second-order factor model (Figure 1), 
the obesity factor had the strongest loading on the syndrome Z 
factor (standardized loading (λs) = 0.85 ± standard error of λs 
= 0.02) followed by sleep disturbance (0.82 ± 0.03; P < 0.001), 
insulin resistance (0.67 ± 0.03; P < 0.001), hypertension/blood 
pressure (0.64 ± 0.04; P < 0.001), and dyslipidemia/lipids (0.60 
± 0.05; P < 0.001). The loadings between the observed variables 
and their respective factors were all approximately greater than 
± 0.5 and highly significant (P < 0.001), which lends further sup-
port to the validity of the factors.43 In addition, the loadings indi-
cate that AHI is the most important determining variable of the 
sleep disturbance factor (0.91 ± 0.02; P < 0.001), followed by 
the percentage of sleep time with an oxygen saturation < 90% 
(0.68 ± 0.03; P < 0.001), ArI (0.60 ± 0.04; P < 0.001), and per-
centage of sleep time in SWS (-0.48 ± 0.03; P < 0.001), which 
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Table 1—Characteristics of the Cleveland Family Sleep Study, Examination 2000-2006a

Characteristic All Men Women Caucasian African
       American
   (N = 533) (n = 229) (n = 304) (n = 229) (n = 304)
Age, ya 39.94 (19.48) 38.93 (20.41) 40.70 (18.74) 42.35 (19.88) 38.12 (19.00)c

Menb  229 (42.96) - - 102 (44.54) 127 (41.78)
African Americanb 304 (57.04) 127 (55.46) 177 (58.22) - -
Families, no. 133 115 103 60 73
Medication use b

 Antihypertensive 117 (21.95) 49 (21.40) 68 (22.37) 33 (14.41) 84 (27.63)c

 Hypoglycemic  37 (6.94) 14 (6.11) 23 (7.57) 12 (5.24) 25 (8.22)
 Lipid-lowering  61 (11.44) 32 (13.97) 29 (9.54) 28 (12.22) 33 (10.86)
Measures of insulin resistance, mg/dLd

 Fasting
  Glucose  93.07 (14.60) 96.70 (18.11) 90.34 (10.44) c 92.04 (11.78) 93.90 (16.44)
  Insuline 12.34 (12.64) 12.62 (14.26) 12.12 (11.26) 11.58 (15.98) 12.93 (9.23)c

 2-h Postchallenge
  Glucose  120.95 (46.73) 127.60 (53.51) 115.85 (40.13)c 118.26 (42.23) 123.03 (49.91)
  Insuline 65.40 (55.64) 65.85 (58.35) 65.06 (53.58) 60.25 (55.31) 69.41 (55.67)c

Measure of obesitya

 Waist, cm  92.97 (18.30) 95.55 (18.55) 91.03 (17.89)c 93.15 (17.75) 92.83 (18.73)
 BMI, kg/m2 30.64 (8.03) 29.58 (7.47) 31.44 (8.34)c 29.90 (7.36) 31.21 (8.47)
Lipid measures and dyslipidemia, mg/dL
 Triglyceridese 110.20 (84.43) 120.33 (97.70) 102.57 (72.09)c 131.07 (109.69) 94.48 (53.72)c

 HDL 45.30 (12.62) 41.18 (11.31) 48.40 (12.67)c 44.55 (12.10) 45.86 (12.98)
Measures of blood pressure, mm Hgd 
 Systolic 121.01 (14.47) 122.68 (13.24) 119.73 (15.25)c 118.43 (13.61) 123.02 (14.83)c

 Diastolic  73.15 (9.39) 74.77 (9.49) 71.91 (9.144)c 71.71 (8.07) 74.27 (10.18)c

Measures of sleep and sleep disruptione

 AHI, no/h 11.84 (18.55) 16.80 (22.75) 8.10 (13.51)c 11.12 (17.21) 12.38 (19.52)
 % of sleep time o2 Sat < 90% 2.95 (8.87) 4.01 (9.44) 2.16 (8.35) 3.25 (8.89) 2.73 (8.87)
 Arousal Index, no/h 15.57 (9.66) 17.62 (11.21) 14.20 (8.03)c 14.87 (9.20) 16.27 (9.97)
 % time in SWS 20.72 (13.17) 18.83 (14.54) 22.14 (11.86)c 22.84 (13.05) 19.12 (13.05)c

Data are presented as mean (SD)a or frequency (%)b. Waist refers to waist circumference, BMI, body mass index; AHI, apnea-hypopnea index; 
Sat, saturation; SWS, slow-wave sleep.
cp Value ≤ 0.05 (t-test or χ² test comparing groups: men vs women; Caucasian vs African American).
dVariable corrected for medication use (see Methods section of text).
eVariable natural log transformed due to extreme skew and/or kurtosis (untransformed values shown).
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0.95; RMSEA = 0.07; SRMR = 0.07). Using a cutpoint of 55 
years to define older and younger age subgroups,46 we observed 
several differences by age, including a higher loading of SBP 
on the hypertension/blood pressure factor in the older (0.73) 
versus younger (0.55) age group (χ2/df = 43.57; P < 0.01). We 
also found that BMI loaded higher on obesity in younger (0.35), 
compared with older (0.31), subgroups (χ2/df = 26.19; P < 0.01), 
and the loading of triglyceride level on dyslipidemia/lipid lev-
els was higher in younger (0.36) than in older (0.19) subgroups 
(χ2/df = 13.85; P < 0.01). The AHI loading on sleep-disruption 
construct was also higher in the older (0.65), compared with the 
younger (0.58) group (χ2 diff = 11.95; P < 0.01). After allowing 
for these differences by age, we obtained a good fitting model 
(χ c

2/df = 2.31; CFI = 0.95; RMSEA = 0.07; SRMR = 0.06).

dISCUSSIon

Although others have suggested that OSA may be a compo-
nent of the metabolic syndrome,17,19 to our knowledge, this is the 
first report providing empirical evidence for syndrome Z as a 
hierarchical 5-factor model unifying 5 traits: sleep disturbance, 
obesity, insulin resistance, hypertension, and dyslipidemia. We 
observed a good overall fit in this second-order factor model 
of syndrome Z and found that obesity was the most important 
determining factor, followed by sleep disturbance, insulin resis-
tance, hypertension, and dyslipidemia.

Because our 5-factor model is not nested within 4-factor 
models,43 the χ² difference test could not be utilized to directly 
compare our model with previously described models of the 
metabolic syndrome.15,16 However, our model performed simi-
larly in terms of the overall model fit indexes. In terms of the 
factor loadings, in our study population, obesity had the highest 
loading on the second-order syndrome Z factor (0.85), followed 
by sleep disruption (0.82), insulin resistance (0.67), blood pres-

(Figure 2). The overall fit of this model (χ2/df = 3.23, CFI = 
0.96, RMSEA = 0.06, and SRMR = 0.05) was similar to the hi-
erarchical 5-factor model. However, performing a χ² difference 
test revealed that the model with all factors correlating freely 
(Figure 2) was not significantly better than the more restricted 
second-order factor model (Figure 1) (χ c

2 diff = 6.54, P = 0.26), 
which suggests that the more parsimonious, hierarchical 5-fac-
tor model (Figure 1) would be favored.

We performed simultaneous multiple group CFA to test 
the generalizabilty of the hierarchical 5-factor model and to 
explore possible differences by sex, race, and age subgroups. 
When examining male and female subgroups simultaneously, 
the hierarchical 5-factor syndrome Z structure (Figure 1) was 
similar except for 3 factor loadings. The factor loading for BMI 
on obesity was significantly stronger in women (unstandardized 
loading = 0.41) than in men (0.35) (χ2 diff = 39.06; P < 0.01), 
and the loading for triglycerides on dyslipidemia/lipids was 
greater in women (0.46) than in men (0.43) (χ2 diff = 29.93, P < 
0.01). We also observed a significant difference in the loading 
of fasting glucose on the insulin resistance factor among men 
(0.55) compared to women (0.45) (χ2 diff = 13.26, P < 0.01). 
After allowing for these 3 differences by sex, we obtained an 
adequate to good fitting model (χ2/df = 2.57; CFI = 0.94; RM-
SEA = 0.08; SRMR = 0.07). When examining Caucasian versus 
African American subgroups, we found significant differences 
in 3 loadings. The triglyceride loading on the lipids factor was 
higher in Caucasians (0.37) than in African Americans (0.32) 
(χ2 diff = 10.73; P < 0.01), but the BMI loading on the obesity 
factor was higher in African Americans (0.40) than in Cauca-
sians (0.36) (χ2 diff = 16.89; P < 0.01). The loading of percent-
age of time in SWS on sleep disturbance was stronger among 
African Americans (-0.16), compared with Caucasians (-0.13) 
(χ2 diff = 10.32; P < 0.01). After allowing for these differences 
by race, we obtained a good fitting model (χ2/df = 2.27; CFI = 
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Table 2—Factor Loadings from Exploratory Factor Analysis in Cleveland Family Sleep Studya

Variable Factor 1b Factor 2b Factor 3b Factor 4b Factor 5b

 Insulin Sleep Obesity Lipids Blood pressure
 Resistance Disturbance  (Dyslipidemia)  (Hypertension)
Fasting glucose  0.71 0.13 0.15 0.06 0.01
Fasting insulin  0.44 0.13 0.04 0.15 0.05
2-h postchallenge glucose  0.93 0.06 0.31 0.05 0.01
2-h postchallenge insulin  0.50 0.10 0.16 0.15 0.01
Waist circumference 0.03 0.26 0.96 0.15 0.03
BMI 0.08 0.08 0.72 0.12 0.02
Triglycerides 0.02 0.08 0.08 0.79 0.01
HDL -0.05 0.02 -0.08 -0.72 -0.03
SBP 0.19 0.07 0.01 0.04 0.68
DBP 0.08 0.01 0.03 0.05 0.91
AHI 0.01 0.73 0.18 0.07 0.02
% of sleep time o2 sat < 90% 0.10 0.60 0.03 0.09 0.07
Arousal Index 0.01 0.72 0.02 0.07 0.03
% time in SWS -0.01 -0.61 -0.08 -0.01 -0.05

Abbreviations: BMI refers to body mass index; HDL, high-density lipoprotein; SBP, systolic blood pressure; DBP, diastolic blood pressure; 
AHI, apnea-hypopnea index; sat, saturation; SWS, slow wave sleep
aFactor loadings were obtained using an oblique (Promax) rotation.
bGiven the factor patterns shown, we labeled the 5 factors: Insulin Resistance, Sleep Disturbance, Obesity, Lipids (dyslipidemia), and Blood 
Pressure (hypertension).
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years, which is consistent with the decline in triglyceride lev-
els with advancing age.49,50 The higher AHI loading in the older 
group was anticipated, since sleep apnea may peak at around 55 
years of age, particularly in men,46 and the stronger loading we 
observed for SBP may be attributed, in part, to a greater preva-
lence of isolated systolic hypertension in older compared to 
younger subjects and because SBP is a more potent predictor of 
cardiovascular events in older compared to younger adults.51

Strengths of our study include the use of objective measures for 
all variables, including the sleep variables, which were obtained 
via overnight polysomnography and scored using standardized 
measures by a single certified scorer to maximize reliability. 
However, validation of our model in other studies, particularly 
in populations with less severe OSA and those not selected on 
the basis of sleep disorders, is needed to better understand the 
role of sleep disruption in the metabolic syndrome. Furthermore, 
much larger sample sizes are needed to evaluate other clinically 
important subgroups (e.g., men older than 55 years of age). We 
used paths for correlated residuals, which suggest the existence 
of “small factors” not explained by the common factor; however, 
these were justified,52 since they were limited to those previously 
utilized in 4-factor models (between fasting insulin levels and 
BMI16 and between postchallenge glucose and insulin levels15) 
and those involving sleep-metabolic relations in which strong 
theoretical and empirical evidence exists (between arousal and 
SWS53 and between AHI and fasting insulin level54,55).

In summary, we provide here the first empirical evidence for 
the concept of syndrome Z, as described by a second-order factor 
unifying 5 first-order factors: insulin resistance, obesity, hyper-
tension, dyslipidemia, and sleep disturbance. Our second-order 

sure (0.64) and lipids (0.60), but prior 4-factor models15,16 
have reported that insulin resistance is the most important fac-
tor (0.83, 0.87), followed by obesity (0.80, 0.80), lipids (0.59, 
0.72), and blood pressure (0.33, 0.59). These differences may 
be attributed, in part, to the relative overrepresentation of over-
weight individuals in our study population and the strong as-
sociation between obesity and OSA.47

Our multiple-group CFA results were also generally consis-
tent with prior 4-factor models. Differences by sex have been 
reported for triglyceride levels and obesity loadings,16 which we 
also observed, with both being stronger in women than in men. 
However, we also found that fasting glucose was significantly 
higher in men than in women. The differences we observed by 
sex are not unexpected because elevated triglyceride levels may 
be a greater risk factor for cardiovascular disease in women than 
in men, impaired glucose tolerance has been more commonly 
observed among men, and increasing rates of BMI may be con-
tributing to the rise of the metabolic syndrome in women.1 Al-
though a prior study noted differences in insulin resistance and 
waist circumference loadings between African Americans and 
Caucasians,16 we observed lower loadings for triglyceride levels 
and higher loadings for BMI and percentage of time in SWS in 
African Americans, compared with in Caucasians. Triglyceride 
levels are generally lower in African Americans, and this may 
be driven, in part, by certain apolipoprotein genotypes.48 African 
Americans also appear to have reduced amounts of SWS,28 and 
the importance of SWS in glucose homeostasis is becoming in-
creasingly more evident.27 Differences by age using a cutpoint of 
60 years have been previously reported for the triglyceride level 
loading,15 and we observed similar results using a cutpoint of 55 
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Figure 2—Alternative 5-factor model without Syndrome Z as 
a second-order, unifying construct. Confirmatory factor analysis 
(CFA) results indicate good to adequate model fit: χ c

2 = 261.21; 
degrees of freedom (df) = 63; χ2/df = 3.24; Comparative Fit Index 
(CFI) = 0.96; Root Mean Square Error of Approximation (RM-
SEA) = 0.07; Standardized Root Mean Square Residual (SRMR) 
= 0.05. Standardized factor loadings are shown above with di-
rectional arrows. Residual terms are not shown for clarity. **P 
< 0.01; PC refers to postchallenge; BP, blood pressure; HDL, 
high-density lipoprotein; AHI, apnea-hypopnea index; SWS, slow 
wave sleep; Sat, saturation.

Figure 1—Hypothesized second-order (hierarchical), 5-factor 
model of Syndrome Z. Confirmatory factor analysis (CFA) re-
sults indicate good to adequate model fit: χ c

2 = 217.58; degrees 
of freedom (df) = 68; χ2/df = 3.20; Comparative Fit Index (CFI) 
= 0.96; Root Mean Square Error of Approximation (RMSEA) = 
0.06; Standardized Root Mean Square Residual (SRMR) = 0.05. 
Standardized factor loadings are shown above with directional ar-
rows. Residual terms are not shown for clarity. **P < 0.01; PC 
refers to postchallenge; BP, blood pressure; HDL, high-density 
lipoprotein; AHI, apnea-hypopnea index; SWS, slow wave sleep; 
Sat, saturation.
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syndrome Z factor model had good overall fit, which was better 
than the fit of a competing model with no factor structure im-
posed, providing evidence that these 5 components co-aggregate 
as a single unifying trait. Although we cannot directly infer cau-
sality from our results, the magnitude of the factor loadings sug-
gests that sleep disturbance is the second-most important factor, 
behind obesity, in determining syndrome Z and that AHI is the 
strongest measure of sleep disturbance in this population. Given 
the rising rates of obesity and sleep disorders, our results advo-
cate for further research in other populations specifically aimed at 
validating the co-aggregation of sleep and metabolic traits, syn-
drome Z. This model could then be used to better predict the po-
tential synergistic risk of syndrome Z, compared with syndrome 
X, on incident type 2 diabetes and cardiovascular disease.
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