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Abstract

AIM: To explore the relationship between the level of
proinsulin with cardiovascular risk factors and sleep
snoring.

METHODS: Based on the random stratified sampling
principle, 1 193 Chinese residents in Pizhou City, Jiangsu
Province (530 males and 663 females, aged 35-59 years
with an average age of 46.69 years) were recruited. Their
sleep snoring habits were investigated. Biotin-avidin based
double mAbs ELISA was used to detect specific insulin
and proinsulin, and a risk factor score was established to
evaluate the individuals according to the number of their
risk factors.

RESULTS: The results of Spearman correlation analysis
and covariate ANOVA analysis after age and sex were
controlled, indicated that not only the level of proinsulin
(r=0.156, P=0.000, F= 5.980 P = 0.000), but also
cardiovascular risk factors score (= 0.194, 2= 0.000,
F=11.135, P = 0.000) significantly associated with the
frequency of sleep snoring, and the significant relationship
between true insulin and frequency of sleep snoring was
only shown in the covariate ANOVA analysis (F = 2.868,
P = 0.022). The result of multivariate stepwise logistic
regression after age, sex, body mass index, waist
circumference and true insulin were controlled showed
that proinsulin (division by interval of quartile) was an
independent risk factor for sleep snoring (OR = 1.220,
95%CI: 1.085-1.373, P = 0.001).

CONCLUSION: The interaction of cardiovascular risk
factors clustering, high proinsulin level and sleep breathing
disorder may be a syndrome, which has not been recognized
in human beings so far.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Dyslipidemia, hypertension, hyperinsulinemia and obesity
(special central obesity) have been recognized as potent risk
factors for coronary heart disease in adults, the clustering
of the above cardiovascular risk factors often occurs in
adults, and the condition has been termed as syndrome X,
and insulin resistance emerges as a common pathogenetic
denominator underlying the above risk factor clustering!.
Obstructive sleep apnea syndrome is associated with the
increased cardiovascular and cerebrovascular morbidity. It
is also recognized that many people with obstructive sleep
apnea syndrome have features of the insulin resistance
syndrome, and it is suggested that insulin resistance syndrome
may actually include sleep apnea syndrome and could be
better considered as syndrome ZP!. The level of circulating
proinsulin (PI) has been recognized as a sensitive marker
for the dysfunction of islet beta cells), and several groups
reported that proinsulin was more strongly associated with
cardiovascular disease than true insulinP. So far, few
epidemiological studies have been focused on the relationship
between true insulin »s proinsulin and cardiovascular risk
factors clustering, and sleep breathing disorder. Although
polysomnography is the definitive method for diagnosing
sleep apnea syndrome, the costs of this method in combination
with the high demand for accurate screening limits its utility
in clinical practice and epidemiological studies. It has been
proposed that snoring is a precursor to the development of
obstructive sleep apnea syndrome. This theory is supported
by retrospective studies in which patients reported snoring
more loudly over the years, before they developed nocturnal
respiratoty pauses, which later became increasingly frequentl.
To explore the relationship between PI »s true insulin and
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cardiovascular risk factors and sleep snoring, a population-
based epidemiological investigation was conducted in Pizhou
city, located in the mideastern part of China.

MATERIALS AND METHODS

Study subjects

From April 2001 to May 2001, a large cross-sectional,
community-based epidemiological study was conducted. The
subjects for the survey were adults aged between 35 and
59 years. A two-stage cluster-sampling scheme based on
existing census divisions was used to randomly select four
areas, each with a population from 300 to 350 subjects,
and sample was stratified by sex and age group (5 years) to
ensute representation of each part of the population. Among
the 1 351 individuals investigated, the response rate was
88.5%, and the random sample and random-sample
responder populations closely reflected the actual distribution
of age group and sex in Pizhou area. Among 1 193 rural
residents, there were 530 males (44.57%) and 663 females
(55.43%), and their average age was 46.09 years. Signed
informed consent was obtained from all participants and
the study was approved by the Nanjing Medical University
Ethics Review Committee.

Questionnaires and investigators

A standard questionnaire was adopted, and the investigators
were students from Nanjing Medical University, who had
received special training. The questionnaire included
questions about occupation, height, weight, sleep habits, sleep
quality, and frequency of disruptive snoring. The question
concerning snoring was “How often do you snore loudly
and disturbingly?” with the following response alternatives:
1 = never, 2 = seldom, 3 = sometimes, 4 = often, 5 = very
often, and those who answered 2-5 were regarded as snorers.

Anthropometric measurements

Anthropometric measurements were performed after the
participants had removed their shoes and upper garments
and donned an examining gown. Each measurement was
performed twice and the average was used in the analysis.
Height was measured to the nearest 0.1 cm using a wall-
mounted stadiometer. Weight was measured to the nearest
0.1 kg using a hospital balance beam scale. Body mass index
(BMI) was calculated as weight (kg) divided by the square
of height (m?). The waist circumference was measured to
the nearest 0.5 cm at the point of narrowing between the
umbilicus and xiphoid process (as viewed from behind) and
the waist circumference was used as a judgment of uppet-
body adioposity. Blood pressure was measured in the right
arm with the participant seated and the arm bared. Three
readings were recorded for each individual, and the average
of the three readings was defined as the subject’s blood
pressure.

Laboratory measurement

The 12-h fasting blood samples were drawn in the morning
and the sera were stored at -70 C immediately after centrif-
ugation until being assayed. All laboratory measurements
were conducted at the Central Clinical Laboratory in the

First Affiliated Hospital of Nanjing Medical University.
Fasting blood glucose (FBG), fasting total cholesterol (TCH),
fasting triglyceride (T'G) and fasting high-density lipoprotein
cholesterol (HDL-c) wete determined by enzymatic procedures
on an automated autoanalyzer (AU 2700 Olympus, 1st
Chemical Ltd., Japan), and the source of reagents for the
autoanayzer was from 1+ Chemical Ltd., Japan. The
laboratory was monitored for precision and accuracy of
glucose and lipid measurements by the agency’s surveillance
program. Measurements of agency-assigned quality control
samples showed no consistent bias over time within or
between surveys. Low-density lipoprotein cholesterol (LDL-c)
was assessed by the Friedwald method™, and the concentration
of LDL-c was calculated for each subject according to the
following formula: Cipr.= Cprasma-Cupi-TG/5.

Measurement of intact insulin and proinsulin

The intact insulin level was measured using a highly sensitive
two-site sandwich ELISAP. This assay method for insulin is
based on the enzyme immunoassay principle and it is
constructed as a sandwich immunoassay. Two monoclonal
murine antibodies specific for insulin were employed. One
of the antibodies (HUI-018), which binds to an epitope on
one side of the insulin-molecule, was used for coating on
the ELISA plate wells. The other antibody (OXI-005), which
binds to another epitope on the other side of the insulin-
molecule, was covalently bound to biotin. The biotin-antibody
reagent and sample or calibrator were added to the
precoated-wells followed by incubation. During incubation,
a complex between plastic-surface, coated-antibody, insulin
and the biotinylated-antibody was formed. This complex
would not be removed by the washing procedure, which
followed the incubation. After the wash, avidin-peroxidase
was added. It bound to the biotin of the biotinylated-antibody
and extended the complex with the enzyme peroxidase. The
amount of enzyme was visualized by addition of the substrate
peroxide and 3°,3’,5,5’-tetramethylbenzidine (TMB), which
was converted to a soluble colored product. The developed
color was proportional to the amount of insulin in the
sample. The color-development progressed with time and
it was interrupted after a fixed time by the addition of
phosphoric acid. The color was stable and absorbance was
measured in an ELISA-plate photometer. A calibrator curve
was constructed based on the absorbance values and the
insulin concentration in the serum samples could be found.
The detection limit was 5.0 pmol/L. The specificity of the
assay excluded intact, split (32-33) and des (31, 32) PI. There
was some cross-reactivity with the less abundant split
(65-66) PI (30%) and des (64, 65) PI (63%).

The PI level was measured in a similar manner using
another sensitive two-site sandwich ELISAPL. The analysis
for human PI is an enzyme immunoassay constructed as a
sandwich immunoassay. Two monoclonal mouse antibodies
were used: one with specificity for human C-peptide (PEP-
001) was used for coating, the other antibody (HUI-001)
with specificity for insulin was biotin labeled and acted as
detecting antibody. The plasma samples were diluted 1:2
during analysis to eliminate the plasma effect. In the first
reaction, after the samples were applied to the coated wells,
PI in the samples would bind to the coating antibody. In the



Jia EZ et al. Proinsulin in association with cardiovascular risk factors and sleep snoring

5049

second reaction, the bound PI was detected by the use of
another mAb directed against human insulin and biotin
labeled. In a third reaction, the amount of bound detecting
antibody in the coating antibody-PI-detection antibody
complex was visualized by the use of streptavidin-peroxidase
that bound to the biotin label. Between each step, the plate
was washed four times in a washing buffer in order to
measure only the bound material. Finally, a substrate for
the peroxidase (tetramethylbenzidine and H,O,) was applied
to the wells resulting in color development proportional to
the amount of peroxidase, i.e., PI present. The enzymatic
reaction resulted in development of a blue color, which
changed into yellow, when the reaction was stopped with
H;PO,. The plate was read in an ELISA reader at 450 nm
and the absorbance at 620 nm was subtracted. The detection
limit in human serum was 0.25 pmol/L. There was no
cross-reactivity with human insulin and human C-peptide.
However, the four major PI conversion intermediates
reacted at various proportions of 65-99%.

The between- and within-assay coefficients of variation
were 6.8, 7.8% for true insulin respectively and 6.7, 7.8%
for PI respectively. All measurements were performed in
duplicate. The four mAbs including OXI-005, HUI-018,
PEP-001 and HUI-001 were kind gifts from Novo Nozdisk,
Bagsvaerd, Denmark, and the standard samples of true
insulin and PI were supplied by the Mercodia Company,
Sweden. The ELISA-plate photometer (Bio-tek EL900,
USA) and ELISA plate INUNC company, Denmark) were
employed in the assay.

Definition of risk factors

To investigate the relationship between the level of PI and
cardiovascular risk factors clustering, we created a risk
factor score to rank individuals according to the number
of the risk factors at the time of the survey. The following
risk factors and cut-off points were used to build up the
risk factor scores: (1) hypertension was defined when systolic
blood pressute (SBP) was =140 mmHg and/or diastolic
blood pressure (DBP) =90 mmHg or taking anti-hypertensive
drugs because of previous hypertension according to the
1999 WHO/ISH criteria; (2) hyperglycemia was diagnosed
based on the FBG serum glucose 6.1 mmol/L according
to the American Diabetes Association (ADA) criteria™! or
having a history of diabetes mellitus; (3) hypetcholesterolemia
was defined as fasting TCH=>5.20 mmol/L; (4) high LDL-c
was defined as .LDI.-c=>3.38 mmol/L; (5) low HDIL-c was
defined as HDL-c<1.04 mmol/L; (6) hypertriglyceridemia
was defined as fasting TG=1.70 mmol/L"; (7) overall
overweight was considered as BMI =25.0 kg/m? according

Table 2 Age distribution of sleep snoring subjects

to the WHO guideline!"; (8) visceral obesity was defined
as waist circumference =85 c¢cm in male and =80 cm in
femalel'"¥. The final risk factor score varied from 0 to 5, with
0 meaning no exposure to these risk factors; one exposure
to any one risk factor; 2-4 exposure to any combination of
2-4 risk factors respectively; five exposure to any combination
of five or more than five risk factors simultaneously.

Statistical analysis

All data analyses were performed using statistical package
for social science (SPSS for Windows, version 10.0, 1999, SPSS
Inc, Chicago, IL, USA). Data of BMI, waist circumference,
age and blood pressure were normally distributed parameters
and presented as mean®SD, whereas skewed data including
FBG, fasting lipid, fasting true insulin, and PI were
logarithmically transformed before analysis and were
expressed as median (quartile range).

RESULTS

Sex and age distribution of sleep snoring subjects

Tables 1 and 2 show sex and age distribution of sleep snoring
in the population-based epidemiological study. The results
indicated that the frequency of sleep snoring in males was
significantly higher than in females (¥*= 68.227, P<0.001),
and the frequency of sleep snoring significantly increased
with the elevation of age (x*>= 44.465, P<0.001).

Table 1 Sex distribution of sleep snoring subjects

Snoring Male Female Total
Never 265 481 746
Seldom 34 29 63
Sometimes 83 68 151
Often 59 39 98
Very often 89 46 135
Total 530 663 1193
Statistical parameter ¥2=68.227 P<0.001

Spearman correlation analysis of sleep snoring with tested
parameters

The results of Spearman correlation analysis (Table 3)
indicated that the frequency of sleep snoring was significantly
correlated with such parameters as BMI, waist citcumference,
SBP, DBP, fasting TCH, fasting TG, fasting LDL-c, PI,
and risk factors score (P<0.01). However, the significant
correlation was not found between the frequency of sleep
snoring and FBG, true insulin, and fasting HDL-c (P>0.05).

Snoring 35~ 40~ 45~ 50~ 55~ Total
Never 225 144 143 113 121 746
Seldom 17 5 9 14 18 63
Sometimes 39 18 31 28 35 151
Often 18 13 23 18 26 98
Very often 22 18 25 30 40 135
Total 321 198 231 203 240 1193
Statistical parameter 72 =44.465 P<0.001
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Table 3 Spearman correlation analysis of sleep snoring with tested parameters

Parameters BMI WC SBP DBP FBG CH
Correlation coefficient 0.177° 0.268° 0.211° 0.191° 0.027 0.126°
Parameters TG HDL LDL TI PI RFS
Correlation coefficient 0.132° -0.043 0.108° 0.050 0.156° 0.194°

*P<0.01 vs others. Abbreviations: BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose;
CH, fasting total cholesterol; TG, fasting triglycerides; HDL, fasting high-density lipoprotein cholesterol; LDL, fasting low-density lipoprotein cholesterol; TI, true insulin;

PI, proinsulin; RFS, risk factors score.

Analysis of covariate variance of sleep snoring with tested
parameters

Table 4 summarizes the results of analysis of covariate variance
of sleep snoring and its relevant parameters. In the analysis,
age and sex were controlling variables; the frequency of
sleep snoring was factor variable, and the parameters including
BMI, waist circumference, SBP, DBP, FBG (logarithmically
transformed value), TCH (logarithmically transformed value),
TG (logarithmically transformed value), HDL (logarithmically
transformed value), LDL (logarithmically transformed
value), true insulin (logarithmically transformed value), PI
(logarithmically transformed value), and risk factors score
were employed as dependent variables, respectively. The
results indicated that a significant difference in parameters
including BMI, waist circumference, SBP, DBP, TCH, TG,
true insulin, PI, and risk factors score was found among
various sleep snoring groups respectively after controlling
for age and sex, and significant difference was not found in
FBG, HDL-c, LDL-c between different frequencies of
sleep snoring groups.

Analysis of multivariate logistic regression with sleep snoring
as an independent variable

The results of multivariate logistic regression analysis are
shown in Table 5, in which the dependent variable was the
frequency of sleep snoring (the never snoring was coded as
0, and the seldom, sometimes, often, and very often snoring
was considered as sleep snoring and was coded as (1), and
age stratum (age stratification was performed with 5-year
age strata), sex (male was coded as 1, female as 0), BMI (group
division by an interval of quartile), waist circumference
(group division by an interval of quartile), true insulin (group
division by an interval of quartile), and PI (group division
by an interval of quartile) were employed as independent
variables. In the analysis of multivariate logistic regression,
the variables including sex, age, PI, and waist circumference
were accepted by the final model, and BMI and true insulin
were refused by the regression model. The final model
suggested that male, age, PI, and waist circumference were
risk factors for sleep snoring, and the OR (95%Cl) for sex,
age, PI, and waist circumference was 0.401 (0.311-0.518)

Table 4 Analysis of covariate variance with sleep snoring as factor variable, and age and sex as controlling variables

Para- Never Seldom Some-times Often Very often F P
meters

BMI 23.49+2.83 24.08+2.89 24.14+2.84 24.56+3.66 25.32+3.47 16.335 0.000
WC 75.89+7.78 78.68+8.31 78.83+7.89 81.654+9.98 83.37+£10.63 22.000 0.000
SBP 121.03+£19.05 128.77+21.08 126.39+£20.28 126.80+£20.29 133.93+23.16 7.169 0.000
DBP 77.25+£10.66 79.48+10.75 80.20+£11.58 80.68+13.89 85.59+13.59 9957 0.000
FBG 4.44 (4.06-4.89) 4.40 (4.17-4.80) 453 (4.12-4.93) 447 (4.08-4.81) 4.53 (4.07-4.88) 0.124 0.974
CH 3.95 (3.39-4.54) 4.25 (3.32-5.01) 4.09 (3.67-4.60) 4.00 (3.49-4.65) 4.34 (3.70-5.04) 2580 0.007
TG 0.75 (0.55-1.08) 0.77 (0.59-1.22) 0.91 (0.62-1.31) 0.79 (0.61-1.33) 0.89 (0.63-1.59) 5.778 0.000
HDL 1.07 (0.89-1.28) 1.15 (0.93-1.31) 1.02 (0.83-1.23) 1.03 (0.80-1.28) 1.04 (0.83-1.29) 1.693 0.149
LDL 2.44 (2.02-2.85) 2.55 (2.03-3.10) 2.60 (2.19-3.10) 2.53 (2.13-2.96) 2.74 (2.19-3.21) 1.392 0.234
TI 4.81 (2.89-6.98) 4.69 (2.54-7.09) 5.11 (3.55-7.18) 5.13 (2.88-7.50) 5.06 (3.16-7.58) 2.868 0.022
PI 3.26 (1.92-5.11) 3.29 (1.77-5.19) 4.03 (2.46-6.49) 419 (2.22-6.09) 4.43 (2.72-7.18) 5.980 0.000
RFS 1.24+1.15 1.47+1.33 1.57+1.27 1.704£1.28 2.06+1.53 11.135 0.000
Abbreviations as in Table 3.

Table 5 Analysis of multivariate logistic regression with sleep snoring as an independent variable

Variable B S.E. WALD P OR (95%CT)

Sex -0.913 0.130 49.133 0.000 0.401 (0.311-0.518)

Age (yr) 0.223 0.044 25.762 0.000 1.249 (1.146-1.361)
Proinsulin 0.199 0.060 10.964 0.001 1.220 (1.085-1.373)
Waist circumference 0.335 0.062 29.504 0.000 1.398 (1.239-1.578)
Constant -1.150 0.305 14.192 0.000 -

B, SE, and WALD were statistical parameters.
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(P =0.000), 1.249 (1.146-1.361, P = 0.000), 1.220 (1.085-
1.373) (P = 0.001), and 1.398 (1.239-1.578) (P = 0.000),
respectively.

DISCUSSION

Snoring is the main symptom of obstructive sleep apnea
syndrome, which is one of the most frequent sleep disorders
affecting 2-4% of middle-aged white!'? and Asian pop-
ulations!". A predominantly Chinese population-based
epidemiological study was conducted in Singapore, in which,
220 people aged 30-60 years, were interviewed for their
snoring habits, and 87.5% of loud habitual snorers had
significant obstructive apneas on the polysomnogram and
72% of these apneics complained of excessive daytime
sleepiness (EDS)!'. The results from a population-based
study investigating the long-term outcome in men with
snoring over a 10-year period suggest, that snoring is the
preceding form of obstructive sleep apnea syndrome!'®. PI
is a multi-peptide with 86 amino acids and its molecular
weight is 9 390. It is synthesized in the B-cells of the islets
of Langerhans and is subsequently processed through
enzymatic cleavage to form C-peptide and insulin!”. The
biological activity of Pl is very low (approximately 10% of
insulin), and it is the major storage form of insulin. Under
physiological conditions, only small amounts of intact and
split PI (less than 3% of insulin) are co-secreted with insulin
from the pancreatic B-cells. In the eatlier studies, insulin
concentration was measured with radioimmunoassay using
polyclonal antibodies, which cross-reacted with largely
inactive insulin precursor molecules such as PI and des-31,
32 PI, hence it was called immunoreactive insulin (IRI).
These PI molecules can be distinguished from more
biologically active true insulin molecules by using highly
sensitive and specific, two site immunoassays based on
monoclonal antibodies. Since it is rather common that sleep
breathing disorder is accompanied with insulin resistance, it
has been clinically considered that both of them are closely
correlated and even syndrome Z was named for coexisting
sleep breathing disorder and insulin resistance. So far the
associated pathogenesis between sleep breathing disorder
and insulin resistance has not been elucidated clearly. To
explore the relationship between sleep snoring and true
insulin 25 P1, a population-based epidemiological investigation
was conducted in Pizhou city located in the mideastern
part of China.

The results from this study showed that the frequency
of sleep snoring in males was significantly higher than those
in females, and the frequency of sleep snoring significantly
increased with age. Furthermore, the results of Spearman
correlation analysis indicate that the frequency of sleep
snoring was significantly correlated with the concentration
of PI and risk factors score. Moreover, the results of analysis
of covariate variance in which age and sex were controlling
variables suggest that the frequency of sleep snoring was
positively and significantly associated with the risk factors
score, and this finding is in agreement with several previous
studies?!.

In the present study, the level of circulating P was positively
and significantly associated with the frequency of sleep

snoring in the analysis including Spearman correlation,
covariate variance in which age and sex were controlling
variables, and multivariate stepwise logistic regression in
which age, sex, BMI, and true insulin were adjustment
variables. To our knowledge, this finding is the first, from a
Chinese population-based epidemiological study. Obesity is
the accumulation of excessive fat in the body and plays a
role in metabolic disorders and the mortality and morbidity
of cardiovascular diseases. Obesity, especially the local
obesity represented by increased waist circumference and
neck circumference, is related to the narrowness of upper
respiratory tract and can lead to sleep apnea and hypopnea, as
well as hypoxia and hypercapnia®). This study demonstrated
that in the multivariate stepwise logistic regression analysis,
when the obesity represented as BMI and local obesity
represented by waist citcumference entered in the final
regression model, the waist citcumference rather than BMI
was accepted by the model. Thus, it could be concluded
that visceral obesity rather than general obesity was the
independent risk factor for sleep snoring. To date, the
mechanism underlying the consistent and significant
association between PI and sleep snoring is unknown. In
insulin resistance atherosclerosis study (IRAS), it demonstrated
that the visceral fat accumulation could result in the elevation
of circulating PI level®), and the concentration of PI was
independently correlated with fibrinogen, and plasminogen
activator inhibitor type 1 (PAI-1)P. The elevation of the
activity of fibrinogen, and PAI-1 following the increase of
PI level can lead to the disorder of homeostasis and finally
result in the clustering of cardiovascular risk factors. The
above finding may be one of the mechanisms for the
association between PI, sleep snoring and cardiovascular
risk factors clustering.

Our conclusions ate that the frequency of sleep snoring
which is the main symptom of obstructive sleep apnea
syndrome is independently associated with the level of PI,
and is associated with the clustering of cardiovascular risk
factors. This might be the first study demonstrating a
relationship between sleep breathing disorder, circulating
PI level, and clustering of cardiovascular risk factors in
healthy middle-aged subjects from the general Chinese
population.

ACKNOWLEDGMENTS

Special thanks to Dr. Lennart Andersen, Dr. Jens Christian
Wortmann, and Dr. Thomas Peter Dyrberg, from Novo
Nordisk, Bagsvaerd, Denmark, for providing free
monoclonal antibodies including OX1-005, HUI-018, PEP-
001 and HUI-001.

REFERENCES

1  Reaven GM. Insulin resistance/compensatory hyperinsulinemia,
essential hypertension, and cardiovascular disease. | Clin
Endocrinol Metab 2003; 88: 2399-2403

2 Egan BM, Greene EL, Goodfriend TL. Insulin resistance and
cardiovascular disease. Am | Hypertens 2001; 14: 116S-125S

3 Wilcox I, McNamara SG, Collins FL, Grunstein RR, Sullivan
CE. “Syndrome Z”: the interaction of sleep apnoea, vascular
risk factors and heart disease. Thorax 1998; 53: S25-28

4 Roder ME, Porte D, Schwartz RS, Kahn SE. Disproportion-
ately elevated proinsulin levels reflect the degree of impaired



5052 ISSN 1007-9327

CN 14-1219/ R World J Gastroenterol

August 28, 2005 Volume 11 Number 32

10

11

12

13

B cell secretory capacity in patients with noninsulin-depen-
dent diabetes mellitus. | Clin Endocrinol Metab 1998; 83: 604-
608

Haffner SM, Mykkanen L, Stern MP, Valdez RA, Heisserman
JA, Bowsher RR. Relationship of proinsulin and insulin to
cardiovascular risk factors in nondiabetic subjects. Diabetes
1993; 42: 1297-1302

Pendlebury ST, Pepin JL, Veale D, Levy P. Natural evolu-
tion of moderate sleep apnoea syndrome: significant progres-
sion over a mean of 17 mo. Thorax 1997; 52: 872-878
Friedewald WT, Levy RI, Fredrickson DS. Estimation of the
concentration of low-density lipoprotein cholesterol in plasma,
without use of the preparative ultracentrifuge. Clin Chem 1972;
18: 499-502

Andersen L, Dinesen B, Jorgensen PN, Poulsen F, Roder ME.
Enzyme immunoassay for intact human insulin in serum or
plasma. Clin Chem 1993; 39: 578-582

Kjems LL, Roder ME, Dinesen B, Hartling SG, Jorgensen PN,
Binder C. Highly sensitive enzyme immunoassay of proinsu-
lin immunoreactivity with use of two monoclonal antibodies.
Clin Chem 1993; 39: 2146-2150

Guidelines subcommittee of the WHO-ISH Mild Hyperten-
sion Liaison Committee. 1999 World health organization-in-
ternational society of hypertension guidelines for the man-
agement of hypertension. | Hypertension 1999; 17: 151-183
The expert committee on the diagnosis and classification of
diabetes mellitus. Report of the expert committee on the
diagnosis and classification of diabetes mellitus. Diabetes Care
2002; 25(Suppl 1): S5-19

Expert panel on detection, evaluation, and treatment of high
blood cholesterol in adults. Exective summary of the third
report of national cholesterol education program(NCEP) ex-
pert panel on detection, evaluation, and treatment of high
blood cholesterol in adults (adult treatment panel ?). JAMA
2001; 285: 2486-2497

Barreto SM, Passos VM, Firmo JO, Guerra HL, Vidigal PG,
Lima-Costa MF. Hypertension and clustering of cardiovas-

14

15

16

17

18

19

20

21

22

cular risk factors in a community in Southeast Brazil-The
Bambui Health and Ageing Study. Arq Bras Cardiol 2001; 77:
576-581

Zhou BF, Wu YF, Zhao LC, Li L, Yang ], Li X. Relationship of
central obesity to cardiovascular risk factors and their clus-
tering in middle aged Chinese population. Zhonghua Xinxue
Guanbing Zazhi 2001; 29: 70-73

Ohayon MM, Guilleminault C, Priest RG, Caulet M. Snoring
and breathing pauses during sleep: telephone interview
survey of a United Kingdom population sample. BM] 1997;
314: 860-863

Ulfberg J, Carter N, Talback M, Edling C. Excessive daytime
sleepiness at work and subjective work performance in the
general population and among heavy snorers and patients
with obstructive sleep apnea. Chest 1996; 110: 659-663
Puvanendran K, Goh KL. From snoring to sleep apnea in a
Singapore population. Sleep Res Online 1999, 2: 11-14
Lindberg E, Elmasry A, Gislason T, Janson C, Bengtsson H,
Hetta J, Nettelbladt M, Boman G. Evolution of sleep apnea
syndrome in sleepy snorers. A population-based prospective
study. Am ] Respir Crit Care Med 1999; 159: 2024-2027
Davidson HW, Rhodes CJ, Hutton JC. Interaorgenellar Ca
and pH control proinsulin cleavage in the pancreatic B-cell
via two site-specific endopeptidases. Nature 1988; 333: 93-96
Coughlin S, Calverley P, Wilding J. Sleep disordered breathing-
a new component of syndrome X. Obes Rev 2001; 2: 267-274
Haffner SM, D’ Agostino R, Mykkanen L, Hales CN, Savage
PJ, Bergman RN, O’Leary D, Rewers M, Selby J, Tracy R, Saad
MEF. Proinsulin and insulin concentrations in relation to ca-
rotid wall thickness: the insulin resistance atherosclerosis study.
Stroke 1998; 29: 1498-1503

Festa A, D’ Agostino R Jr, Mykkanen L, Tracy RP, Zaccaro DJ,
Hales CN, Haffner SM. Relative contribution of insulin and
its precursors to Fibrinogen and PAI-1 in a large population
with different states of glucose tolerance. Arterioscler Thromb
Vas Biol 1999; 19: 562-568

Science Editor Zhu LH and Guo SY Language Editor Elsevier HK



