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Abstract

Though obstructive sleep apnea hypopnea syndrome (OSAHS) and metabolic syndrome (MS) are correlated; the

contributing factors for the occurrence of MS in Chinese snorers remain largely undefined. We aimed to investigate

the associated pathogenesis of coexistence of OSAHS and MS in Chinese snorers. A total of 144 Chinese habitual

snorers were divided into 3 groups, the control group (simple snorers) (n 5 36), the mild OSAHS group (n 5 52)

and the moderate-to-severe OSAHS group (n 5 56). The incidence of MS in the moderate-to-severe OSAHS group

(26.8%) was significantly higher than that in the control group (8.3%), the mild OSAHS group (11.1%) and all the

OSAHS patients (19.45%) (all P , 0.05). Homeostatic model assessment (HOMA) index and proinsulin (PI) were

negatively correlated with nocturnal meanSpO2 and miniSpO2. Meanwhile, nocturnal SpO2 were negatively cor-

related with body mass index, waist and neck circumferences and diastolic blood pressure, but positively correlated

with total cholesterol and high-density lipoprotein cholesterol. The study indicated that in Chinese snorers, mod-

erate-to-severe OSAHS was closely associated with MS via nocturnal hypoxemia.
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INTRODUCTION

It has been reported that there is a high co-prevalence

rate of obstructive sleep apnea hypopnea syndrome

(OSAHS) and metabolic syndrome (MS)
[1,2]

. MS, also

called X syndrome, is characterized by impaired glucose

metabolism, central obesity, elevated blood pressure and

dyslipidemia
[1]
. Since OSAHS is often accompanied by

MS, it has been suggested that the two conditions are cau-

sally correlated
[9]
and even Z syndrome was named for

coexisting OSAHS and MS
[10]
. So far, the associated

pathogenesis between OSAHS andMS has not been com-

pletely elucidated. Insulin resistance (IR) plays an impor-

tant role in the pathogenesis of MS and may also be

present in patients with OSAHS
[10]
. To explore pathologi-

cal factors linking MS to OSAHS, 144 Chinese habitual

snorers were investigated by analyzing the correlation of

their polysomnography (PSG) and MS-associated meta-

bolic parameters, plasma insulin and proinsulin (PI) and

IR as reflected by homeostasis model assessment

(HOMA) index, a surrogate index widely used to study

the role of insulin sensitivity or resistance
[11]
.

SUBJECTS AND METHODS

Subjects

From May 2008 to February 2012, 144 Chinese

habitual snorers admitted to our sleep center were
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recruited for this study. The protocol was approved by

the local institutional board at the authors9 affiliated

institution and written informed consents were

obtained from all patients. The subjects received over-

night sleep study by PSG. There were 107 males and

37 females with an average age of 51.4 ¡ 12.3 years.

They were grouped into simple snorers (the control

group, n 5 36) and OSAHS patients. OSAHS patients

were divided into the mild OSAHS group (n 5 52) and

the moderate-to-severe OSAHS group (n 5 56) based

on their apnea hypopnea index (AHI) during sleep. The

prevalence of MS was compared among different

groups.

PSG examination and group division

Full PSG monitoring was performed with the

Compumedics E-series Sleep System (Compumedics

Sleep, Abbotsford, Australia) to measure and record

overnight PSG parameters such as electroencephalo-

gram, electrocardiogram (ECG), electrooculogram,

chin and bilateral anterior tibials electromyogram,

chest and abdominal movements by strain gauges,

and pulse oxygen saturation (SpO2). All tracings were

scored manually according to standard criteria. Apnea

was diagnosed when a cessation of airflow was

detected for more than 10 seconds, while hypopnea

was identified when more than a 50% reduction in air-

flow and 3% reduction of SpO2 were observed in a

patient. The AHI was defined by the combined number

of apnea and hypopnea events per hour of sleep, with

the minimal criteria for diagnosis of OSAS as AHI >

5. Sleep apnea hypopnea syndrome and its severity

were evaluated with an international diagnostic criteria

(AHI of 5.0-14.9 as mild, 15.0-29.9 as moderate and

> 30 as severe OSAHS)
[12]
. An event was defined as

obstructive when chest and abdominal respiratory

movement was observed during apnea.

Anthropometric measurement

Height was measured,without shoes worn,to the

nearest 0.1cm using a height rod that was attached to

a Weighing machine (RGz-120-RI, Tin Heng weight

instrument history, Wuxi, China) were instructed to

stand with their heels, buttocks and shoulders resting

Iightly against the backing board so that the

Frankfort pIane(i.e. the line connecting the superior

border of the externaI auditory meatus with the infra-

orbital rim) was horizontal and parallel to the floor.

Weight was measured, using a calibrated weighing

machine (MS-3400 PIR; MARSDEN, Taiwan), to the

nearest 0.1 kg with the participants barefoot and

clothed in light clothing. The participants were asked

to stand on the centre of the scale without support

and to distribute their weight evenly on both feet.

Body mass index (BMI) was calculated as weight/

height
2
(kg/m

2
).

Blood pressure (Bp) was measured after patient had

rested in a sitting position for 5 minutes, using models

of the sphygomanometer (Jiangsu Yuyue Medical

Equipment and Supply Co., Ltd. China) to obtain the

systolic Bp (SBP) and diastolic Bp (DBP). Bp mea-

surements were obtained twice, and the average values

were used in the data analysis; the time between mea-

surements was 3 minutes.

Examination of metabolic parameters

Venous blood was drawn following 12 hours9 over-

night fast for measurement of fasting blood glucose

(FBG), total cholesterol, triglyceride (TG), high-den-

sity lipoprotein cholesterol (HDL), low-density lipo-

protein cholesterol (LDL), true insulin and proinsulin

at the Central Clinical Laboratory of authors9 affiliated

hospital. FBG, TCH, TG, HDL and LDL were detected

by a full-automatic analyzer (AU 2700 Olympus, First

Chemical Ltd, Tokyo, Japan). TI was measured using a

two-site sandwich enzyme linked immunosorbent

assay (ELISA) with the lowest detection limit of

0.82 mIU/L
[13]

. Two monoclonal murine antibodies

against insulin were employed. The ELISA plate wells

were coated by HUI-018, an antibody that binds to an

epitope on one side of insulin. The other antibody

(OXI-005), which binds to a separate epitope on the

other side of insulin, was covalently bound to biotin

and then converted to a soluble colored product by

addition of substrate peroxide. The developed color

was proportional to the amount of insulin in the sam-

ple. A calibration curve was constructed based on

absorbance values of the sample and insulin concen-

tration was measured by an ELISA-plate photometer

(Bio-tek EL900, USA). Proinsulin was measured in a

similar manner using another sensitive two-site sandwich

ELISA
[14]
. The assay was based on 2 monoclonal antibo-

dies, a mouse anti-human C-peptide antibody (PEP-001)

and a mouse anti-human insulin antibody (HUI-001).

The detection limit in human serum was 0.25 pmol/L.

The 4 major proinsulin conversion intermediates reacted

in various proportions from 65% to 99%.

The between- and within-assay coefficients of var-

iation for true insulin were 6.8% and 7.8%, respec-

tively and for proinsulin were 6.7% and 7.8%,

respectively. The 4 monoclonal antibodies for testing

true insulin and proinsulin were kind gifts from

Novo Nordisk, Bagsvaerd, Denmark. The ELISA

plates were the products of NUNC Co. of Denmark.
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To evaluate the extent of IR, HOMA index was used

with the calculating formula
[15]
: insulin (mIU/L)6FBG

(mmol/L)/22.5.

Statistical analysis

FBG, TG, PI and HOMA index showed skewed

distribution and were expressed in median (interval

of quartile). Analysis of variance and covariance was

performed following logarithmic transformation. BP

and body indexes were expressed as x̄ ¡ s.d.. All data

were recorded by computer and SPSS 13.0 software

(SPSS Inc., Chicago, IL, USA) was used for statistical

analysis. Student9 s t-test was used to determine signif-

icant differences among groups, which were set at

P , 0.05.

RESULTS

Incidences of MS in different groups

Coexisting MS was found in 21/108 (19.4%) of all

OSAHS patients. The incidence of MS in the moder-

ate-to-severe OSAHS groups (15/56, 26.8%) was sig-

nificantly higher than that of the control group (3/36,

8.3%) (x
2

5 5.217, P 5 0.034) and the mild OSAHS

group (6/52, 11.1%) (x
2

5 4.002, P 5 0.045). The

incidence of MS in the mild OSAHS group was slightly

higher than that of the control group, but no statistical

difference was found (x
2
5 0.243, P 5 0.622).

Clinical characteristics of the subjects

The demographic and baseline characteristics of the

study subjects are shown in Table 1. Gender and age

distribution was comparable among the groups (P .

0.05). Table 1 reveals that there was a statistical dif-

ference in BMI, WC, NC, diastolic BP (DBP), TCH,

HDL and HOMA index among the groups, while there

was no statistical significance in systolic BP (SBP),

LDL, uric acid, TG, FBG and PI.

Spearman correlation analysis of HOMA index,

PI, PSG parameters and other variables

Spearman correlation analysis (Table 2) indicated

that HOMA index and PI were negatively correlated

with nocturnal miniSpO2 and meanSpO2, but posi-

Table 1 Demographic and baseline characteristics of the study subjects.

Variables Controls (n536) Mild OSAHS (n556)

Moderate-to-severe

OSAHS (n552) F or x2 value P value

Age (years)

Mean¡SD 50.39¡10.27 52.96¡13.41 51.17¡10.84 1.570 0.138

Male sex, n(%) 21(58.3) 43(76.8) 35(67.3) 3.891 0.269

BMI (kg/m2)

Mean¡SD 25.21¡3.71 25.77¡2.94 28.59¡3.24* 6.248 0.002

WC (cm)

Mean¡SD 92.21¡10.36 94.33¡8.21 100.31¡8.76* 5.287 0.003

NC (cm)

Mean¡SD 37.38¡2.84 38.23¡3.12 40.84¡2.91* 5.939 0.002

SBP (mmHg) 122.21¡18.40 127.79¡18.04 129.32¡16.81 1.672 0.180

DBP (mmHg)

Mean¡SD 80.33¡14.82 82.67¡12.03 92.35¡13.14* 3.238 0.026

TCH (mmol/L)

Mean¡SD 3.91¡0.64 3.78¡0.63 3.42¡0.82 1.785 0.157

HDL (mmol/L)

Mean¡SD 1.27¡0.32 1.18¡0.29 0.98¡0.31 3.241 0.028

LDL (mmol/L)

Mean¡SD 2.55¡0.62 2.43¡0.75 2.31¡0.79 0.649 0.591

UA (mmol/L) 262.04¡69.91 287.31¡86.89 314.13¡99.80 1.067 0.371

TG (mmol/L) 1.32 (0.91-1.73) 1.28 (0.88-1.81) 1.39 (1.03-2.68) 0.905 0.441

FBG (mmol/L) 5.10 (4.69-5.54) 4.95 (4.54-5.87) 5.04 (4.62-5.81) 1.461 0.229

HOMA 0.81 (0.44-1.16) 0.68 (0.21-1.12) 0.96 (0.63-2.05) * 2.829 0.044

PI (pmol/L) 2.23 (0.71-8.61) 2.26 (0.51-8.70) 3.96 (1.48-17.91) 1.277 0.292

*P , 0.05, BMI: body mass index, DBP: diastolic blood pressure, FBG: fasting blood glucose, HDL: high-density lipoprotein cholesterol, HOMA:

homeostasis model assessment index, LDL: low-density lipoprotein cholesterol, NC: neck circumference, OSAHS: obstructive sleep apnea hypopnea

syndrome; PI: proinsulin, SBP: systolic blood pressure, TCH: total cholesterol, TG: triglyceride, UA: uric acid, WC: waist circumference.

224 Zhang X et al. J Biomed Res, 2014, 28



tively correlated with the heart rate significantly. There

was no statistically significant correlation of HOMA

index and proinsulin with AHI. MiniSpO2 and

meanSpO2 were negatively correlated with BMI,

WC, NC and DBP, but positively correlated with

TCH and HDL significantly.

Univariate and multivariate logistic regres-

sion analyses

The results of logistic analysis are shown in Table

3-5. Univariate logistic regression analysis was per-

formed on HOMA index, proinsulin (group division

by interval of quartile) firstly, and then multivariate

stepwise logistic regression was undergone with the

following parameters as independent variables including

sex, age, BMI, WC, NC, HOMA index, proinsulin,

SBP, DBP, total cholesterol, TG, HDL, LDL, FBG,

and uric acid. Group division was performed based on

interval of quartile for all the parameters except age

and sex.

Table 3 indicates that the risk for developing mod-

erate-to-severe OSAHS increased by about 93% as

HOMA index was elevated by one grade (25%). The

comparison between group 4 and group 1 of HOMA

index demonstrated that the risk in group 4 increased

up to more than 9 folds of that in group 1, as the ratio

odds increased to 10.290 (2.767,38.219) (P 5 0.001).

Table 4 shows that the risk for developing moderate-

to-severe OSAHS increased by about 71.6% as proin-

sulin levels rose by one grade (25%).

Table 3 Univariate logistic regression analysis with

HOMA index as independent variable.

Variables Wald OR (95% CI) P

Constant 7.221 -- 0.008

Homa 10.822 1.924 (1.301,2.847) 0.001

Group 1 -- 1.000 --

Group 2 4.425 3.507 (1.091,11.294) 0.037

Group 3 3.426 3.004 (0.935,9.621) 0.065

Group 4 12.117 10.290 (2.767,38.219) 0.001

Table 4 Univariate logistic regression analysis with

proinsulin as independent variable.

Variables Wald OR (95% CI) P

Constant 4.897 -- 0.028

PI 7.851 1.713 (1.172,2.506) 0.005

Group 1 -- 1.000 --

Group 2 4.419 3.507 (1.088,11.298) 0.037

Group 3 6.778 4.861 (1.474,15.962) 0.009

Group 4 7.548 5.469 (1.625,18.361) 0.007

Table 2 Spearman correlation of HOMA index and proinsulin with patient characteristics.

Parameters HOMA PI AHI LSaO2 ASaO2 HR

HOMA -- 0.713** 0.112 -0.289** -0.237 0.238

PI (pmol/L) 0.716**

-- 0.151 -0.340** -0.238 0.324**

AHI 0.114 0.151 -- -0.628** -0.482** 0.203

MiniSpO2 (%) -0.289** -0.341** -0.628**

-- 0.691** -0.151

MeanSpO2 (%) -0.237 -0.234 -0.490** 0.694**

-- -0.167

HR 0.237 0.319** 0.202 -0.151 -0.167 --

Age (years) -0.057 -0.159 -0.159 0.007 -0.139 -0.365**

BMI 0.417** 0.426** 0.394** -0.382** -0.291** 0.329**

WC (cm) 0.344** 0.428** 0.354** -0.419** -0.435** 0.271**

NC (cm) 0.255 0.364** 0.427** -0.389** -0.391** 0.182

SBP (mmHg) 0.219 0.099 0.076 -0.194 -0.131 -0.084

DBP (mmHg) 0.281** 0.244 0.216 -0.341** -0.121 0.167

FBG (mmol/L) 0.478** 0.481** 0.005 -0.035 0.034 0.336**

TCH (mmol/L) -0.051 -0.104 -0.207 0.290** 0.248 0.025

TG (mmol/L) 0.431** 0.451** 0.137 -0.107 0.005 0.141

HDL (mmol/L) -0.397** -0.437** -0.258** 0.411** 0.431** -0.075

LDL (mmol/L) 0.149 0.061 -0.102 -0.030 -0.011 -0.074

UA (mmol/L) 0.024 0.122 0.141 -0.038 -0.104 0.161

*P , 0.05, ** P , 0.01, AHI: apnea hypopnea index; BMI: body mass index; DBP: diastolic blood pressure; FBG: fasting blood glucose; HDL: high-

density lipoprotein cholesterol; HR: heart rate; HOMA: homeostasis model assessment index; LDL: low-density lipoprotein cholesterol; MeanSpO2:

mean pulse oxygen saturation; MiniSpO2: minimal pulse oxygen saturation; NC: neck circumference; PI: proinsulin; SBP: systolic blood pressure; TCH:

total cholesterol; TG: triglyceride; UA: uric acid; WC: waist circumference.
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Univariate logistic regression analysis suggested that

the HOMA index and proinsulin were risk factors of

moderate-to-severe OSAHS and the odds ratios (95%

confident interval) were 1.924 (1.301,2.847)

(P , 0.01) and 1.713 (1.172,2.506) (P , 0.01), respec-

tively. Multivariate stepwise logistic regression analysis

(Table 5) shows that two variables, HOMA index and

CH finally entered the model, which suggested that

HOMA index and moderate-to-severe OSAHS were

independently correlated and the odds ratio was 1.989

(1.306-3.031) (P , 0.01). Interestingly, TCH might

be a protective factor against the development of

OSAHS as the odds ratio was 0.597 (0.389-0.906) (P

5 0.016).

DISCUSSION

The diagnosis of OSAHS still relies on PSG. AHI

and miniSpO2 have been considered as important fac-

tors in the diagnosis of OSAHS. However, as AHI

generally only represents the frequency of the events

of apnea and hypopnea but does not reflect the duration

of each event of apnea or hypopnea, there are still

limitations for AHI in evaluating the whole effect of

apnea or hypopnea
[16]
. Observation in OSAHS patients

often showed that AHI levels did not correlate with

clinical manifestations
[16]
.

Our Spearman correlation analysis indicated that

HOMA index and proinsulin levels were negatively

associated with miniSpO2, but were not related to AHI

statistically. Therefore, it seems that miniSpO2 may be

of more clinical significance in evaluating the degree

and consequence of OSAHS. This investigation showed

that the coexisting rate of OSAHS and MS was as high

as 19.4%. As OSAHS became severe, the incidence of

MS significantly increased, which indicated a close asso-

ciation between OSAHS and MS. In fact, both OSAHS

and MS share much in common in many of their mani-

festations such as hypertension, central obesity, and dis-

ordered blood lipid profile, suggesting that there are some

common pathogenic factors for OSAHS and MS
[17]
.

Mary et al. confirmed that after controlling for BMI,

OSAHS was still associated with a cluster of cardio-

vascular risk factors. They further found that hyperlep-

tinemia/leptin resistance and hyperinsulinemia/IR were

present in OSAHS patients
[18]
. We demonstrated that

both HOMA index and proinsulin were negatively

correlated with miniSpO2. Our univariate logistic

regression analysis revealed that HOMA index and

proinsulin were dose-dependent risk factors for

OSAHS. The risk increased by more than 9 times as

HOMA index rose from 25% to 75%. Multivariate

stepwise logistic regression analysis indicated that

HOMA index was an independent risk factor for

OSAHS, which confirmed that IR was present in

OSAHS patients and was usually positively correlated

with the severity of OSAHS. The causes of IR in

OSAHS patients, besides obesity, may include heigh-

tened sympathetic activity and increased blood con-

centration of catecholamine and corticosterone as a

result of hypoxia, hypercapnia and arousals following

the events of sleep apnea and hypopnea
[19]
.

The results of this study confirmed that miniSpO2

was negatively correlated with BMI, WC and NC.

Obesity, especially local obesity represented by

increased WC and NC, is related to the narrowing of

the lumen of the upper respiratory tract, which can lead

to sleep apnea and hypopnea, and result in intermittent

hypoxemia and hypercapnia
[20]
. A negative correlation

between DBP and miniSpO2 was detected by

Spearman correlation analysis. The underlying

mechanism was putatively attributed to the activation

and sensitization of the peripheral and central receptors

by hypoxia/hypopnea
[21]
. The result of Spearman cor-

relation analysis displayed a positive relationship

between fasting total cholesterol and miniSpO2.

Multivariate stepwise logistic regression analysis on

15 variables revealed that HOMA index and moder-

ate-to-severe OSAHS were independently correlated.

This finding showed an independent association

between OSAHS and MS or type-2 diabetes.

Owing to the absence of clinical indications, non-

snorers seldom came to the sleep laboratory for PSG.

Therefore, our database lacked the data from non-snorers.

Therefore, the limitation of this study is the lack of non-

snorers as control, although we had put simple snorers as

control. Further study is needed to exclude the possible

influence of snoring by adding a non-snorer group.

It could be concluded from the current study that

OSAHS is a risk factor for MS. OSAHS patients with

a lower SpO2 were more susceptible to IR, which could

play an important role in the coexistence of OSAHS

and MS.
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