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Professor Zimmet founded the International Diabetes 
Institute in 1985. He was the original CEO and later 
Professor-Director and CEO. He is also head of the 
World Health Organization’s Collaborating Center 
for the Epidemiology of Diabetes, Professor of 
Diabetes at Monash University and a Professor at 
Deakin University, the Graduate School of Public 
Health at the University of Pittsburgh in the United 
States and Victoria University. He is regarded as 
one of the world’s leading diabetes researchers.

Professor Zimmet’s current research includes 
studying the molecular mechanisms of Type 2 
diabetes, insulin resistance and obesity, and 
the effects that lifestyle changes have had on 
the development of diabetes, obesity, coronary 
heart disease and hypertension in developing 
countries in Australia and the Asia-Pacifi c region. 

In 1993, he was made a Member in the Order of 
Australia (AM) for services to medicine and education, 
particularly in the fi eld of diabetes. In 2001, he was 
further honored as an Offi cer in the Order of Australia 
(AO) for distinguished services to medical research 
of national and international signifi cance, particularly 
in the fi eld of diabetes, as a leader of investigations 
into social, nutritional and lifestyle diseases, and to 
biotechnology development in Australia. Professor 
Zimmet has also received many awards internationally.

Professor Zimmet has served on the Australian 
government’s Strategic Taskforce on Diabetes, 
published more than 600 scientifi c papers, chapters 
and reviews in peer reviewed journals and books, 
and was co-editor of the major and widely used 
“International Textbook of Diabetes Mellitus”. 
He also co-edited “The Epidemiology of Diabetes”. 

What is diabetes mellitus?

Diabetes mellitus is a metabolic disease characterized by 
high blood glucose levels (hyperglycemia) resulting from 
defects in insulin secretion, insulin action or both. The chronic 
hyperglycemia of diabetes is associated with long-term 
damage, dysfunction and failure of virtually every body organ, 
especially the eyes, kidneys, nerves, heart and blood vessels. 
It can shorten life expectancy by as much as 15 years.

What is the worldwide prevalence of diabetes?

Diabetes is a serious and rapidly escalating global health 
problem. Worldwide, the number of people with diabetes is 
estimated at 200 million. More than 5% of the global adult 
population has diabetes and another 8% have impaired glucose 
tolerance, a condition that typically precedes diabetes. In some 
countries, diabetes is one of the leading causes of death.

A year-long investigation conducted recently by The New York 
Times identifi ed diabetes as the largest health crisis facing 
New York and the only major disease that is escalating. Despite 
intensive research, medical scientists have so far been unable to 
fi nd the cause of the two major forms of diabetes, Types 1 and 
2. Nor have they yet found a cure for Type 1 diabetes or a safe 
means of preventing it. However, there is now evidence that 
weight reduction and exercise can reduce the burden of Type 2 
diabetes by about 50%. There are also pharmacological agents 
that can prevent progression to Type 2 diabetes in people at high 
risk. Regrettably, many of the world’s governments and public 
health planners are still largely unaware of how widespread the 
disease is and the speed at which it is escalating out of control.
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Continued from page 1

What is the difference between the types of diabetes?

There are three major types:

Type 1: Usually occurs in people less than 30 years of age 
whose bodies stop producing insulin. It is generally recognized 
at an early age, with 50% of cases diagnosed before the age of 
20. This form of diabetes accounts for about 10% of all cases 
of diabetes. Type 1 diabetes is not currently preventable. To 
sustain life, people with Type 1 diabetes are treated with daily 
insulin injections and urged to eat healthier meals and remain or 
become physically active. 

Type 2: About 85-90% of the diabetes in European populations 
is a preventable form of the disease known as Type 2 diabetes. 
In developing countries and some ethnic groups nearly 100% 
of all occurrences of diabetes are of this type. The disease 
is caused either by the body producing less insulin than is 
required or its failure to respond properly to the insulin it is 
producing. Type 2 diabetes is usually lifestyle-related and 
frequently runs in families. 

Gestational Diabetes Mellitus (GDM): This is a temporary 
form of diabetes that occurs during pregnancy when various 
hormones prevent the body’s naturally produced insulin 
from working properly. Although usually treated with healthy 
diets, insulin injections may be required. Healthy eating and 
physical activity help prevent women who have had GDM 
from contracting Type 2 diabetes in later life. Without these 
strategies, over 50% would develop Type 2 diabetes over the 
following 10 years.

‘ Man may be the 
captain of his fate, but 
he is also the victim of 
his blood sugar.’
Dr Wilfred Oakley  
Transactions of the Medical Society of London 78:16, 1962

Who is at risk of developing Type 2 diabetes?

Two main environmental factors that increase the risk of 
developing Type 2 diabetes are age and obesity, with many 
people having the classic ‘apple shape’, ie, a high waist-to-hip 
ratio. Typically, the condition is diagnosed in individuals over the 
age of 40, with the risk of developing Type 2 diabetes rising as 
people get older. However, it is becoming increasingly common 
in young adults, adolescents and even children. The problem 
of obesity has been exacerbated by increased urbanization in 
some countries, leading to the rise in popularity of an unhealthy, 
westernized diet coupled with reduced physical activity. There 
is also some evidence that Type 2 diabetes runs in families, 
suggesting that genetics may also play a role. In developed 
countries, more women than men appear to be affected, 

possibly because they tend to have a higher body mass index 
(BMI) and often live longer. Type 2 diabetes is positioned to be 
one of the largest epidemics in human history and it is certainly 
one of the major threats to human health in the 21st century.

What serious complications are associated with  
Type 2 diabetes?

Type 2 diabetes is commonly associated with a number of 
serious ‘microvascular’ and ‘macrovascular’ complications. 
Microvascular complications include blindness, kidney failure 
and foot ulceration, while macrovascular complications 
include atherosclerosis, heart attacks and strokes. 
Reducing blood glucose has been shown to significantly 
reduce the risk of microvascular complications,1 however, 
hyperglycemia does not seem to be the only risk factor for 
macrovascular complications. Insulin resistance has itself 
been directly linked with cardiovascular complications.2

What is insulin resistance?

Insulin resistance is a condition in which the body does 
not respond effectively to insulin. Insulin is a hormone that 
controls the level of glucose in the bloodstream. Insulin is 
released from specific cells in the pancreas, called ß-cells, in 
response to food. It provides the signal for certain tissues—in 
particular, muscle, liver and fat cells—to take up glucose 
from the blood. This glucose may be stored for use later (in 
the liver or in fat cells) or used immediately for energy (in the 
muscles). Insulin also plays a role in limiting the release of newly 
synthesized glucose from the liver into the bloodstream.

In insulin resistance, cells are less responsive to insulin, and 
muscle and fat cells take up less glucose from the bloodstream. 
At the same time, the liver continues to produce glucose and 
this combination leads to higher-than-normal blood glucose 
levels, known as hyperglycemia. Insulin resistance is thought 
to be one of the principal defects in the development of Type 2 
diabetes and is present in most individuals with the condition.3

How does insulin resistance contribute to 
the development of Type 2 diabetes?

When insulin resistance first develops, the ß-cells of the 
pancreas try to compensate by producing more insulin. 
This explains why people with the condition tend to 
have high levels of insulin in their bloodstream. However, 
there reaches a stage where the pancreas can no longer 
compensate for insulin resistance because the ß-cells 
start to become exhausted and can no longer function 
effectively. At this point, Type 2 diabetes develops.

As Type 2 diabetes progresses, the levels of insulin in the 
bloodstream start to decrease because of the declining 
efficiency of the pancreas. Taking into account this effect, 
plus the resistance of the tissues to insulin, achieving proper 
control of blood glucose levels becomes increasingly difficult.

What are the main risk factors for developing  
insulin resistance?

Again, major risk factors include age, genetic factors, 
increased body weight and a sedentary lifestyle.2,4  Weight 
loss and increased physical activity can help to reduce insulin 
resistance and improve the body’s response to insulin.
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What strategies can be used to manage insulin resistance?

Early in the course of Type 2 diabetes, insulin resistance 
may be controlled by implementing lifestyle changes but 
as the condition develops this may not be sufficient.

A new class of treatment for Type 2 diabetes—the 
thiazolidinediones (or glitazones)—has now emerged. 
These agents reduce hyperglycemia in Type 2 diabetes 
when given alone or with other oral therapies. Importantly, 
thiazolidinediones not only control hyperglycemia but also 
reduce insulin resistance.5,6  Since insulin resistance has 
been directly linked with cardiovascular risk, tackling it may 
help to address the macrovascular complications of Type 
2 diabetes. In addition, because the thiazolidinediones 
reduce the level of circulating insulin needed to achieve 
glycemic control, they are likely to protect the ß-cells against 
exhaustion,6 and possibly delay disease progression—an 
inevitability with traditional treatment options. Shortly, 
two new classes of drugs, the DPP-4 inhibitors and GLP1 
antagonists will be launched. These drugs are expected 
to not only improve glucose control but will protect the 
ß-cells against exhaustion. The GLP1 antagonists may also 
cause weight loss, a definite benefit in Type 2 diabetes. 
Here in Australia, a new drug for Type 2 diabetes, ISF 402, 
developed at the International Diabetes Institute and Monash 
University will shortly commence Phase 1 clinical trials.

What is the metabolic syndrome?

The metabolic syndrome was first described in the 
1920s when Kylin, a Swedish physician, described 
the association of hypertension, hyperglycemia 
and gout. In the 1940s attention was drawn to the 
connection between android or male type obesity, Type 
2 diabetes and cardiovascular disease. It has borne a 
number of different names including ‘deadly quartet’, 
‘syndrome x’ and ‘insulin resistance syndrome’. 

What is its association with Type 2 diabetes?

There is a very close association between Type 2 diabetes 
and the metabolic syndrome—up to 70% of people with 
Type 2 diabetes also have the metabolic syndrome. 
The constellation of metabolic abnormalities including 
centrally distributed obesity, decreased high-density 
lipoprotein cholesterol (HDL-C), elevated triglycerides, 
elevated blood pressure and hyperglycemia describe 
the metabolic syndrome. It is associated with a two-fold 
increase in Type 2 diabetes and a three-fold increase in 
cardiovascular disease (CVD) and is thought to be a driver 
of the modern day epidemic of Type 2 diabetes and CVD. 

The metabolic syndrome has become a major public 
health challenge around the world. There have been 
numerous definitions of the syndrome that have made 
comparisons of the burden in different populations and 
between and within communities difficult and confusing. 
The International Diabetes Federation (IDF) has recently 
proposed a new definition of the metabolic syndrome, which 
is applicable to populations worldwide. Standardization 
of a definition will assist international comparisons of 
data to be made in both clinical and research studies. 

Central obesity holds the pivotal position 
in the metabolic syndrome definition 
proposed by the IDF. Can you elaborate?

There is robust evidence linking waist circumference, as 
an indicator of central obesity, with cardiovascular disease 
and other metabolic syndrome markers. Central obesity is 
also thought to be one of the earliest steps contributing to 
the development of unequivocal metabolic syndrome. 

Do you think it is reasonable to screen for sleep apnea 
when treating patients with insulin resistance, glucose 
intolerance, metabolic syndrome or Type 2 diabetes?

On the basis of accumulating new data, the answer is clearly yes.

1. UK Prospective Diabetes Study (UKPDS) Group. Intensive blood-glucose control 
with sulphonylureas or insulin compared with conventional treatment and risk of 
complications in patients with type 2 diabetes (UKPDS 33). UK Prospective Diabetes 
Study (UKPDS) Group. Lancet 1998; 353:837-853.

2. Conn J, Betteridge DJ. Insulin resistance in cardiovascular disease. Aspects of 
Cardiovascular Medicine 1998; 5:329-336.

3. Saltiel AR, Olefsky JM. Thiazolidinediones in the treatment of insulin resistance 
and type II diabetes. Diabetes 1996; 45:1661-1669.

4. Zimmet P.  Diabetes – definitions and classification. Medicina Interna 1997; 25:1-3.

5. Patel J, Weston W & Hernyari P.  Rosiglitazone (RSG) decreases insulin 
resistance (IR) and improves beta-cell function (BCF) in patients with type 2 diabetes 
mellitus. 81st Annual Meeting of The Endocrine Society.  San Diego, USA, 12-15 
June 1999; Abstract P3-153.

6. Jones NP, Charbonnel B, Lönnqvist F et al. Rosiglitazone reduces plasma 
insulin and its precursors while decreasing glycaemia in type 2 diabetes. Abstract 
submitted to the 35th Annual Meeting of the EASD, Brussels, Belgium, 28 
September – 2 October 1999.

The 2005 International Diabetes Federation 
Definition of the Metabolic Syndrome

According to the International Diabetes Federation (IDF) 
definition, for a person to be defined as having the 
metabolic syndrome, they must have:

•  Central obesity (defined as waist circumference  
≥ 94 cm for Europid men and ≥ 80 cm for  
Europid women, with ethnicity specific values  
for other groups*)

plus any two of the following four factors:

•  raised serum triglyceride level ≥150 mg/dl (1.7 mmol/l) 
(or specific treatment for this lipid abnormality)

•  reduced serum HDL-Cholesterol level <40 mg/dl 
(1.03 mmol/l) in males and <50 mg/dl (<1.29 mmol/l) 
in females (or specific treatment for this lipid 
abnormality)

•  raised blood pressure: systolic blood pressure  
≥130 mmHg or diastolic blood pressure ≥85 mmHg 
(or treatment of previously diagnosed hypertension)

•  impaired fasting glycemia: fasting plasma glucose 
100 mg/dl ( ≥ 5.6 mmol/l) (or previously diagnosed 
Type 2 diabetes).

* South Asian and South-East Asian men ≥90 cm,  
women ≥80 cm; Japanese men ≥85 cm,  
women ≥90 cm.
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Diabetes is a serious and rapidly escalating global 
health problem. In many countries, the comorbidities 
associated with diabetes are the leading causes  
of death.

In this edition of ResMedica, we investigate diabetes with 
the help of Paul Zimmet, an acknowledged world expert and 
leading researcher, and Martha Funnell, a diabetes educator, 
who helps us to see what it is like to live with the disease.

A number of recent studies have investigated the link 
between sleep-disordered breathing (SDB) and diabetes. 
Naresh Punjabi is at the forefront of this research, and he 
discusses his findings with us, including the metabolic 
consequences of SDB.

The renowned William Dement has long advocated that 
good sleep is just as important as good nutrition and 
exercise in health management. In support of this there is 
now an increasing body of research that indicates a clear 
association between poor sleep and the development of 
insulin resistance and glucose intolerance. This research is 
both clinical and epidemiological and we examine some of 
this literature. 

The significance of SDB in contributing to cardiovascular 
events is widely reported in the literature. In 1998 Wilcox 
et al1 suggested a new term, ‘Syndrome Z’—a term coined 
to describe the co-existence of the metabolic syndrome, or 

From the Editor

‘ More than 
5% of the global 
adult population 
has diabetes 
and another 8% 
have impaired 
glucose tolerance, 
a condition that 
typically precedes 
diabetes.’Paul Zimmet 

Syndrome X (hypertension, central obesity, insulin resistance 
and hyperlipidemia) with SDB. While contentious at the 
time, the connection is now accepted and the relationship 
between sleep, sleep-disordered breathing and metabolic 
processes continues to intrigue researchers worldwide.

If you would like to comment on any of the articles in 
ResMedica, please contact us at  
clinicalnews@resmed.com.au. 

You can also find more information about ResMed on our 
website www.resmed.com. 

1. 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 Suppl 3:S25-8.

Fay Everett, Editor
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•  The World Health Organization (WHO) estimates 
that more than 180 million people worldwide  
have diabetes.

•  Much of the increase in the prevalence of diabetes 
will occur in developing countries and will be due to 
population growth, aging, unhealthy diets, obesity 
and sedentary lifestyles. The urban population 
in developing countries is projected to double 
between 2000 and 2030. 

•  Between 1980 and 2004 the number of Americans 
with diabetes more than doubled (from 5.8 million 
to 14.7 million). While the prevalence of diagnosed 
diabetes increased in all age groups, people aged 
65 years or older account for almost 40% of the 
population with diabetes.

•  Diabetics who have had the disease for more than 
15 years have a 2% chance of becoming blind, with 
10% developing severe visual impairment. 

•  For people with Type 1 diabetes, and many with 
Type 2, insulin is a necessary part of treatment. Of 
special concern to international health agencies is 
the fact that insulin is unavailable and unaffordable 
in many poor countries, despite being listed by the 
WHO as an essential drug. 

World Diabetes Day 2006
Date: 14 November 2006 

This year’s World Diabetes Day, organized by the 
World Health Organization (WHO) and the International 
Diabetes Federation (IDF), focused on ‘’Diabetes Care for 
Everyone”. This year, WHO was targeting disadvantaged 
communities and vulnerable groups worldwide, with 
particular concern for populations migrating from 
rural to urban centers. These people are often outside 
the health care system, and are less likely to know 
about available services or have access to them.

In 2005 the theme for World Diabetes Day was foot care, 
and in 2004 it was obesity.

Sources

World Health Organization. Diabetes mellitus, viewed October 2006.  
www.who.int/mediacentre/factsheets/fs312/en/print.html

World Health Organization. Country and regional data, viewed September 2006. 
http://www.who.int/diabetes/facts/world_figures/en/index.html 

National Center for Chronic Disease Prevention and Health Promotion, viewed 
October 2006. http://www.cdc.gov/diabetes/statistics/prev/national/index.htm

World Health Organization. Diabetes program, viewed October 2006. 
http://www.who.int/diabetes/en/

Wild S, Roglic G, Green A, Sicree R, King H. Global Prevalence of Diabetes.  
Diabetes Care May 2004, 27;5:1047-1053.

Diabetes Facts and Figures

Symptoms of diabetes

•  Common symptoms of Type 1 
diabetes include: excessive thirst 
and urination; increased hunger; 
unexplained weight loss; rapid, 
hard breathing; changes in vision; 
sleepiness or exhaustion. The onset 
of these symptoms may be sudden.

•  Type 2 diabetes symptoms may 
be similar, but less obvious. 
Unexplained weight loss is not 
usual. Many patients have no 
symptoms and are only diagnosed 
many years after onset, by which 
time significant problems may 
have developed. Almost half of 
all people with Type 2 diabetes 
are not aware that they have 
this life-threatening condition.
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Central obesity is a core metabolic abnormality when 
defining the metabolic syndrome. Is sleep restriction and 
disruption, such as we find in sleep apnea, an independent 
risk factor for metabolic dysfunction and diabetes?

Again, the data here are suggestive and not necessarily 
conclusive. Sleep restriction in humans for a few days 
can lead to abnormalities in glucose metabolism—these 
abnormalities are important as they can predispose 
to central obesity and set up a vicious cascade (sleep 
restriction ➝ glucose abnormalities ➝ obesity ➝ sleep 
apnea ➝ glucose abnormalities ➝ diabetes and so forth).

Can diabetes cause sleep-disordered breathing 
(SDB)? Or is SDB a cause of diabetes?

It is well established that individuals with long-standing 
diabetes and in particular those with autonomic dysfunction 
are at increased risk for obstructive and central sleep 
apnea. The issue is whether there is a bi-directional 
relationship between diabetes and sleep apnea. 

What role do you envisage for continuous 
positive airway pressure (CPAP) treatment 
with regard to metabolic dysfunction?

This is where the ‘heart of the matter’ is. If, in fact, sleep 
apnea leads to diabetes, does treatment of the SDB reverse 
the diabetes or is this an irreversible process? It is certainly 
possible that we may have to intervene early and avoid 
the potential of it being irreversible. We are in desperate 
need for clinical trials of CPAP to address these issues.

Do you think it is reasonable for primary care physicians 
and non-sleep physicians to screen for sleep apnea 
when treating patients with insulin resistance, glucose 
intolerance, metabolic syndrome or diabetes Type 2?

Absolutely. Even if sleep apnea does not lead to abnormalities 
in glucose metabolism, we know that subjects with diabetes 
and other metabolic abnormalities are overweight or obese. 
Thus, screening this population is important for just that fact.
1. Punjabi, NM et al. Sleep-disordered breathing, glucose intolerance, and insulin 
resistance: the Sleep Heart Health Study. American Journal of Epidemiology, Sep 15 
2004, 160:6;521-30.

An interview with  
Dr Naresh Punjabi
Naresh Punjabi, MD, PhD, Associate Professor of 
Medicine and Epidemiology, Division of Pulmonary 

and Critical Care Medicine and 
Department of Epidemiology, 
Johns Hopkins University

Dr. Punjabi is a Diplomate of the 
American Boards of Internal Medicine, 
Pulmonary, and Critical Care Medicine. 
He is also a Diplomate of the American 
Board of Sleep Medicine. He has 

a doctoral degree in Clinical Investigation from 
the Johns Hopkins School of Public Health. He is 
one of the field site Principal Investigators for the 
multi-center Sleep Heart Health Study, which aims 
to determine the cardiovascular consequences 
of sleep apnea. His other research interests 
include the metabolic sequelae of sleep apnea.

Obstructive sleep apnea is pervasive in Western 
society (~ 5% of adults). Almost in tandem, there is 
a pandemic in obesity and a dramatic increase in 
Type 2 diabetes. Is this a coincidence or are there 
definite links between these health trends?

The link between the increase in obesity and diabetes 
is a definite causal relationship. There is little doubt that 
obesity predisposes towards disorders such as Type 
2 diabetes mellitus and sleep apnea. What remains to 
be determined is whether there are inter-relationships 
between them. For example, whether sleep apnea adds 
to the burden of the obesity-related increase in diabetes 
is not known for certain. Research from several different 
centers around the world is focused on that topic. 

Diabetes, metabolic dysfunction and sleep-disordered 
breathing are associated with adverse cardiovascular 
outcomes. What are the metabolic consequences of  
sleep-disordered breathing?

The question you pose is one that is driving a great deal of 
research and a definite topic of interest for our laboratory. 
Data from the Sleep Heart Health Study (the largest study to 
date) shows that independent of obesity, sleep-disordered 
breathing is associated with glucose intolerance and insulin 
resistance.1 Whether this association is causal is the focus 
of our current work. If, in fact, we are able to demonstrate 
that sleep-disordered breathing leads to abnormalities in 
glucose metabolism, then there is a great deal of importance 
in those findings with regard to an intermediate link from 
sleep apnea to cardiovascular disease. I should mention 
that animal studies have produced results that implicate 
sleep disruption and hypoxemia—the two hallmarks of sleep 
apnea—in the pathogenesis of altered glucose metabolism.

‘ Sleep is the golden 
chain that ties health and 
our bodies together.’Thomas Dekker 
1572-1632
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Researchers around the world are working to understand 
the nature of the associations between Type 2 
diabetes, obesity, sleep-disordered breathing (SDB), 
hypertension and cardiovascular disease (CVD). 

It has been found that sleep deprivation brings about “marked 
alterations in glucose metabolism including decreased 
glucose tolerance and insulin sensitivity”.1 Reasons for this 
are not altogether clear but sleep deprivation has been 
found to affect the secretion of hormones that affect our 
appetite, correlating with increased hunger, which the 
authors surmised “may lead to overeating and weight gain.” 

This weight gain unfortunately often leads to obesity 
and it is now well-recognized that obesity is significantly 
related to the development of the obstructive sleep apnea 
(OSA) syndrome—a particular type of SDB. It is also now 
recognised that OSA is independently associated with 
hypertension2,3 and cardiovascular disease.4 Importantly, 
more recently a number of studies have also demonstrated 
an association between OSA and Type 2 diabetes and 
insulin resistance.5 Because obesity is very often a common 
factor in people with SDB and insulin resistance, it was 
suggested that the obesity was the cause. However, 
there is now an increasing number of studies that 
suggest that OSA is independently associated with insulin 
resistance.6,7 Moreover, increasing insulin resistance 
has been correlated with increasing severity of OSA.8

When OSA is effectively treated with continuous positive 
airway pressure (CPAP), further studies show that there is 
significant improvement in insulin sensitivity9 and after-meals 
blood glucose levels10 as well as a significant reduction 
in mean arterial blood pressure.11  Indeed these studies 
suggest that OSA is pathophysiologically related to impaired 
glucose homeostasis, and that CPAP could be an important 
therapeutic approach for diabetic patients with SDB.

Apart from the interaction between OSA and insulin 
resistance other studies have shown a correlation between 
diabetes and another type of SDB—Cheyne-Stokes 
Respiration (CSR)—which is associated with central, 
rather than obstructive, apneas. The Sleep Heart Health 
Study (SHHS), a US multi-center cohort study, looked at 
1,184 participants between December 1995 and January 
1998.12 This study found that CSR most commonly 
occurred in patients with chronic heart failure, and was 
thought to be related to the severity of ventricular function. 
Importantly, the authors concluded that diabetes was 
associated with CSR, and that the high prevalence of 
SDB in diabetes “suggests the presence of a potentially 
treatable risk factor for CVD in the diabetic population.”

Currently, all available evidence points to the fact that good 
sleep may be as important as good nutrition and exercise 
in managing obese and insulin resistant patients. Certainly 
there is a growing body of evidence to suggest that in these 
patients sleep breathing should always be evaluated.

1 Spiegel K, Knutson K, Leproult R, Tasali E, Van Cauter E. Sleep loss: a novel risk 
factor for insulin resistance and Type 2 diabetes. J Appl Physiol 2005; 99(5):2008-19.

2. Shamsuzzaman AS, Gersh BJ, Somers VK. Obstructive sleep apnea: 
implications for cardiac and vascular disease. JAMA 2003; 290(14):1906-14.

3. Robinson GV, Stradling JR, Davies RJ. Sleep . 6: obstructive sleep apnoea/
hypopnoea syndrome and hypertension. Thorax 2004; 59(12):1089-94.

4. 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 Suppl 3:S25-8.

5. Boethel CD. Sleep and the endocrine system: new associations to old diseases. 
Curr Opin Pulm Med 2002; 8(6):502-5.

6. Coughlin SR, Mawdsley L, Mugarza JA, Calverley PM, Wilding JP. Obstructive 
sleep apnoea is independently associated with an increased prevalence of metabolic 
syndrome. Eur Heart J 2004; 25(9):735-41.

7. Ip MS, Lam B, Ng MM, Lam WK, Tsang KW, Lam KS. Obstructive sleep apnea 
is independently associated with insulin resistance. Am J Respir Crit Care Med 
2002; 165(5):670-6.

8. Reichmuth KJ, Austin D, Skatrud JB, Young T. Association of Sleep Apnea and 
Type II Diabetes: A Population-based Study. Am J Respir Crit Care Med 2005.

9. Harsch IA, Schahin SP, Radespiel-Troger M, Weintz O, Jahreiss H, Fuchs FS, 
Wiest GH, Hahn EG, Lohmann T, Konturek PC, Ficker JH. Continuous positive airway 
pressure treatment rapidly improves insulin sensitivity in patients with obstructive 
sleep apnea syndrome. Am J Respir Crit Care Med 2004; 169(2):156-62.

10. Babu AR, Herdegen J, Fogelfeld L, Shott S, Mazzone T. Type 2 diabetes, 
glycemic control, and continuous positive airway pressure in obstructive sleep 
apnea. Arch Intern Med 2005;165(4):447-52.

11. Becker HF, Jerrentrup A, Ploch T, Grote L, Penzel T, Sullivan CE, Peter JH. Effect 
of nasal continuous positive airway pressure treatment on blood pressure in patients 
with obstructive sleep apnea. Circulation 2003; 107(1):68-73.

12. Resnick HE, Redline S, Shahar E, Gilpin A, Newman A, Walter R, Ewy GA, 
Howard BV, Punjabi NM. Diabetes and sleep disturbances: findings from the Sleep 
Heart Health Study. Diabetes Care 2003; 26(3):702-9.

Current research into diabetes and  
sleep-disordered breathing

‘ Good sleep may be 
as important as good 
nutrition and exercise 
in managing obese and 
insulin resistant patients.’
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An interview with  
Martha Funnell
Martha Funnell, MS, RN, CDE, is a clinical nurse 
specialist, diabetes educator, adjunct lecturer in 
the University of Michigan School of Nursing, 

and Co-Director for the Behavioral, 
Clinical, and Health Systems (BCHS) 
Intervention Research Core at the 
Michigan Diabetes Research and 
Training Center. Her professional 
efforts have been committed 
to the development, evaluation 
and dissemination of educational 

programs in patient empowerment and 
collaborative approaches to diabetes care and 
education, culturally specific interventions and 
the development of patient education curricula.

Ms. Funnell has more than 100 publications, including 
journal articles, books, book chapters, and curricula 
published by the American Diabetes Association 
(ADA). She has won a number of honors and awards, 
including the American Association of Diabetes 
Educators (AADE) Distinguished Service Award 
and the ADA Outstanding Educator in Diabetes 
Award. She has served on the National Boards of 
AADE and ADA and was the President for Health 
Care and Education for the ADA in 2002-2003.

What is the biggest challenge you face in 
helping patients manage their diabetes?

As a diabetes educator, there are two issues that 
always surface and present the greatest challenge. 
The first is the psychological impact of a diagnosis of 
diabetes on the person with diabetes and his or her 
family members. Feelings of disbelief, fear, anger, guilt 
and depression are common, but often not recognized 
or assessed by health professionals. Friends and family 
members may not be sensitive to this side of diabetes, 
so patients may feel isolated or that these feelings 
are a sign of weakness. As time goes on, feelings of 
frustration, guilt and of being overwhelmed often occur 
and, again, are seldom recognized or addressed.

The other challenge is helping patients take on the 
huge responsibility for self-management that a 
chronic illness like diabetes entails. Diabetes is a 24/7 
disease and the number of decisions that patients 
need to make each day, and the consequences of 
those decisions, can become overwhelming.

There are no easy answers to these challenges. Each person 
with diabetes needs to develop their own solutions and ways 
of dealing with these issues. We need to work with each 

person and to provide the emotional and behavioral support 
they need. While education is the essential first step, most 
patients also need ongoing self-management support.

Where does sleep apnea awareness fit into  
your education?

Like other health professionals who specialize in diabetes, 
we are just becoming aware of this problem as it relates to 
glycemic control. While the importance of sleep and general 
good health habits have always been part of our discussions 
with patients, the impact of sleep disorders on blood glucose 
levels is a new topic in our educational efforts. It is now 
being incorporated into educational programs and curricula.

How do people with diabetes benefit from  
knowing about sleep apnea?

The research in this area is very important for patients 
with diabetes. When I teach, I find that the participants 
are always interested in new research, no matter what 
their own educational background may be. Because of the 
emphasis in recent years on reaching target glucose levels, 
being able to offer people a very real way to affect their 
glucose level is exciting for them and rewarding for me.

What trends do you see in diabetes self-management?

Diabetes self-management is clearly a good news / bad 
news situation. The good news is that there are better 
therapies and more tools for patients to use so they can 
make informed decisions as they manage their diabetes. 
Diabetes self-management education is more likely to be 
reimbursed than ever before, so there is greater access. 
Research is highlighting the problems caused by diabetes 
and putting more emphasis on patient-centered care 
and education. As educators, we focus more on helping 
our patients deal with the psychosocial and behavioral 
issues related to diabetes and on working within the 
context of their needs, values, culture and priorities, 
rather than telling them what they should be doing. Our 
goal is empowerment, by helping patients discover their 
own innate ability to manage their own diabetes.

The bad news is that the majority of patients with diabetes 
are never referred to a diabetes education program or to 
a dietitian, in spite of data showing that education helps 
patients improve their metabolic control and quality of life. 
Education programs are closing and access to educators 
is decreasing, at a time when the numbers of people with 
diabetes and prediabetes are increasing at an alarming rate.

How can sleep clinicians help diabetes educators  
in support of your goals?

I would hope that we can work together and become part 
of the same team. As diabetes health professionals, we 
need to be aware and assess sleep-related concerns and 
issues. Diabetes educators and sleep clinicians both need 
to know about their local resources so that they can make 
appropriate referrals. We all have the same goal—to improve 
outcomes for our patients. Working together is clearly a 
win-win situation—for sleep clinicians, diabetes health 
professionals and most importantly for people with diabetes.
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OSA diagnosis a 
true awakening
Christina Philippa lives at Speers Point on Lake Macquarie, 
north of Sydney. Over the past 20 years she has become 
accustomed to lethargy, stopping for frequent rest breaks 
and falling asleep in odd places. She thought it was just 
part of life with diabetes. But in 2005, a friend saw an 
advertisement asking people with Type 2 diabetes to take 
part in a screening program for obstructive sleep apnea 
(OSA) which involved monitoring their breathing patterns 
during sleep. “My friend said, ‘I think you might have OSA’,” 
Christina recalls. ”So I took the test kit home to see if I did. 
They said it would measure every time I stopped breathing 
while I was sleeping.”

The screening program, developed by Diabetes Australia–
NSW and ResMed Asia Pacific, was a pilot study set up in 
response to research showing an association between OSA 
and diabetes. The program, conducted in the Newcastle 
region, offered testing for OSA to Diabetes Australia–NSW 
members in the area. One hundred and forty-four people were 
screened, with eighty-one having severe or moderate OSA. 

When Christina returned the test, the results showed she 
did indeed have OSA—she was having irregular breathing 
every three minutes. “I realized that for the last 20 years, I 
haven’t had a good night’s sleep!”

To treat her condition, she was given a two-week trial on 
a Continuous Positive Airway Pressure (CPAP) machine to 
use while she slept. Christina says she didn’t realize what a 
difference it made—until she had to give it back. “Because 
I also have asthma, and the machine pushes air at you, I 
had a little trouble with it due to the asthma. But it did help 
improve my sleep. After I gave it back, my body had to 
readjust to not getting good sleep again.”

So Christina consulted her medical team and it was decided 
that she should trial an S8 AutoScoreTM machine to see if 
it would make a difference to her comfort. “After a month 
on the new machine … it showed that I had not had any 
irregular breathing at all and it was much more comfortable! 
I was excited, I thought wow! This is great!”

Although buying an S8 AutoScore was more expensive 
Christina says it has been worth every dollar. “My lung 
capacity has increased dramatically, which has helped my 
asthma.” Christina’s blood glucose levels have dropped and 
she no longer takes the two diabetes tablets she previously 
needed every day. “I have higher energy levels and I can 
concentrate. Yesterday I worked in the garden without 
getting tired which I have not done in a long time. To do 
work around the house I would have had to break it up into 
small amounts over a few days. Now I can do it all in one 
day. My friends say I’m looking better, my skin has color and 
the dark circles under my eyes are going. They can have a 
conversation with me now, without me dozing off on them!”

Eight of Christina’s brothers and sisters also have diabetes, 
and she will encourage them to get a test done. “I want to 
say thank you very much to the trial organizers. My quality of 
life has improved enormously.”

ResMed’s Medical Director Glenn Richards said the results 
from the pilot program showed a similar level of OSA 
prevalence to studies conducted at diabetes clinics in the 
US and the UK recently. “We’re starting to see a pattern. As 
a general rule of thumb, we’re seeing that about a third of 
people with Type 2 diabetes have moderate or severe OSA, a 
third have mild OSA and a third have no OSA.”

Dr Richards says that as Australian health care services 
increasingly recognize the association between OSA and Type 
2 diabetes, they will make testing for OSA more accessible 
to their patients. “These trials are the first step towards that. 
Health professionals are increasingly recommending that their 
patients be assessed for OSA and perhaps they will make it a 
routine part of their diabetes assessments.”

This interview with Christina Philippa was first published 
in the Summer 2005 edition of Issues, a newsletter of 
Diabetes Australia NSW. Reprinted with permission.
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Primary prevention protects susceptible individuals from 
developing Type 2 diabetes. It can reduce or delay the need 
for diabetes care, and therefore reduce the development of 
the complications of diabetes. 

There is good evidence that lifestyle interventions may help 
to arrest the emerging global epidemic of Type 2 diabetes. 
Obesity is one of the major risk factors for Type 2 diabetes: 
one study showed that there is a 20-fold increased risk of 
developing diabetes with a BMI (Body Mass Index) of 30-35.3 
Observing the ‘triumvirate of health’—eat well, exercise well, 
sleep well—is the key to preventing many diseases, including 
Type 2 diabetes.

Good nutrition

A study undertaken in China on people with impaired glucose 
tolerance (IGT) had encouraging results. With lifestyle 
modifications (improved diet and increased physical activity and 
a consequent reduction of weight) supported by a continuous 
education program, over a six-year period there was a reduction 
in progression to Type 2 diabetes from 15.7% to 8%.4

Physical Fitness

Large, population-based studies in China4, Finland5 and USA6 
have demonstrated the feasibility of preventing, or delaying, 
the onset of diabetes in overweight subjects with mild 
glucose intolerance. The studies suggest that even moderate 
reduction in weight and moderate exercise each week 
reduced the incidence of diabetes dramatically.

Healthy Sleep

A growing body of epidemiological evidence supports an 
association between short sleep duration and the risk for 
obesity and diabetes. Sleep exerts marked modulatory 
effects on glucose metabolism, and molecular mechanisms 
for the interaction between sleeping and eating have 
been well documented. For people with sleep-disordered 
breathing (SDB), there can be a cascade of negative 
events, generated by sleep loss, sleep fragmentation, 
and hypoxia, that exacerbates the severity of metabolic 
disturbances. One collaborative study between universities 
in Brussels and Chicago found that SDB represents a 
risk factor for weight gain, insulin resistance and Type 2 
diabetes.8 A second study based in Chicago concluded 
that “SDB is pathophysiologically related to impaired 
glucosehomeostasis, and that CPAP [continuous positive 
airway pressure] can be an important therapeutic approach 
for diabetic patients with SDB.”9

•  In people 35-64 years of age, the rate of death 
worldwide from diabetes ranges from 6-27%.1 

•  WHO estimates that 1.1 million people died from 
diabetes in 2005.2

•  Half of all diabetes-related deaths are from 
cardiovascular complications.2

•  Currently, almost 80% of diabetes deaths occur in 
low and middle-income countries. WHO projects an 
increase of over 80% in diabetes deaths in upper-
middle income countries over the next ten years.2

•  In most developing countries, almost one in ten 
adult (35-64 years old) deaths is diabetes-related. 
The impact on society from the loss of these 
economically productive individuals is enormous.1

Roglic et al published a paper in Diabetes Care in September 
2005, titled ‘The Burden of Mortality Attributable to 
Diabetes’. They argue that “reported statistics based on 
death certificates seriously underestimate mortality from 
diabetes” because it is the complications from the disease, 
such as heart failure and renal disease, that are recorded 
on the death certificate. Analyzing data such as population 
structure, estimates of diabetes prevalence and relative risk 
of death for people with diabetes within a computerized 
disease model used by WHO to assess disease burden, they 
concluded that diabetes is likely to be the fifth leading cause 
of death globally. According to their modelling, “excess 
mortality attributable to diabetes accounted for 2-3% of 
deaths in poorest countries and over 8% in the US, Canada 
and the Middle East.”1

Mortality in  
Diabetes

Preventing Type 2  
Diabetes

CARDIOVASCULAR
DISEASE

RAISED
CHOLESTEROL

MORBID
OBESITY

HYPERTENSION

DIABETES

SLEEP APNEA
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‘ People in the Finnish 
study who were 
exercising more than four 
hours per week were 
80% less likely than 
sedentary controls to 
develop diabetes.’ 7

The Interaction of Glucose and Insulin
The body’s preferred source of energy is 
glucose, which is obtained from foods 
containing carbohydrates (starches and 
sugars). Glucose is absorbed from the small 
intestine into the blood stream and carried 
to either the muscle or brain. Glucose 
from the blood can only enter the muscles 
with the help of insulin (produced in the 
pancreas) although glucose can enter the 
brain without insulin.

In people with normal glucose control, 
blood glucose levels rise after eating and 
the pancreas responds by releasing insulin 
into the blood. This allows the glucose to 
enter the muscles so that blood glucose 
levels return to normal. Excess glucose is 
stored in the liver (either as glycogen or 
fatty acids) and when the body requires 
extra energy, such as during exercise, the 
glycogen is turned back into glucose and 
returned to the bloodstream. 

In diabetes, the pancreas either cannot 
produce insulin, or the insulin that is 
produced cannot work properly. Without 
insulin performing its role, the glucose 
channels remain closed, causing glucose 
to build up in the blood, leading to high 
blood glucose levels (hyperglycemia). It 
is hyperglycemia that causes an increase 
in cholesterol deposition in the arteries 
resulting in both microvascular (eye, kidney) 
and macrovascular (hypertension, coronary 
heart disease, stroke) complications. 

Low levels of blood glucose are equally 
dangerous. Because glucose is the brain’s 
only energy source low levels of glucose 
can lead to fainting, seizures and coma. 

For these reasons it is very important to 
control blood glucose levels within very 
strict limits.
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The AusDiab Report 
 
In 1999, Professors Paul Zimmet and Tim Welborn and the 
International Diabetes Institute assembled a team from 
across Australia to conduct a nationwide survey of diabetes 
and related disorders.13 This was the first national longitudinal 
study to investigate the prevalence and incidence of 
diabetes, heart disease, kidney disease and related risk 
factors such as obesity, hypertension and dyslipidemia in 
Australians. It is the only national study in the developed 
world to incorporate an oral glucose tolerance test. This has 
enabled a comprehensive examination of the impact of all 
levels of abnormal glucose metabolism on the development 
of diabetes, heart and kidney disease.

The original Australian Diabetes, Obesity and Lifestyle 
(AusDiab) study was followed up five years later to assess 
how the disease had developed in the original participants. 
The report from the five year data showed that every day 
there are 275 new cases of diabetes, and 100,000 annually. 
This together with the increasing number of people with 
prediabetes, obesity, the metabolic syndrome and kidney 
disease has demonstrated that abnormal glucose metabolism 
is having a major impact on the health of Australians. This 
is further exemplified by the mortality risk associated with 
diabetes, where people with previously diagnosed diabetes at 
baseline were twice as likely to die compared to those with 
normal glucose tolerance. A further ten-year study is planned.

Some findings from the five-year study:

•  Every year 8 out of every 1,000 people in Australia 
developed diabetes, with slightly more cases per year in 
males than in females. 

•  Compared to those with a normal Body Mass  
Index (BMI), people classified as overweight had an 
almost two-fold increase in the annual incidence of 
diabetes; those classified as obese had an almost four-
fold increase.

•  People who reported sufficient levels of physical activity 
(at least 150 minutes of physical activity in a week) had 
a 0.6 incidence of diabetes annually; those reporting 
insufficient levels of activity had an incidence of 0.9 and 
those reporting their activity levels as ‘sedentary’ had an 
incidence of 1.1.

•  The annual incidence of diabetes was three times greater 
in those with hypertension compared to those with 
normal blood pressure. The incidence of hypertension 
was higher in those who were overweight or obese, and 
higher for males in smokers than in non-smokers.

•  Women with dyslipidemia had an annual incidence 
of diabetes three times greater than those without; 
incidence in men was two times greater.

•  Women with the metabolic syndrome had a four-fold 
increase in annual incidence; men had a three-fold increase.

Because of its chronic nature, the severity of its complications 
and the means required to control them, diabetes is a costly 
disease, not only for the affected individual and his/her family, 
but also for the health authorities and governments.10 

•  Diabetes, its complications and associated premature 
mortality, account for at least 10% of total health care 
expenditure in some countries.

•  The increasing number of children developing Type 2 
diabetes could face 40-50 years of treatment, representing 
a major burden on healthcare systems.11

•  WHO estimates that over the next ten years China will 
lose $558 billion in foregone national income due to heart 
disease, stroke and diabetes alone.

•  The estimated economic cost of diabetes in the US in 2002 
was $132 billion. Of this amount, $92 billion was due to 
direct medical costs and $40 billion due to indirect costs 
such as lost workdays, restricted activity, and disability due 
to diabetes. The average medical expenditure for a person 
with diabetes was $13,243, or 5.2 times greater than the 
cost for a person without diabetes. In addition, 11% of 
national health care expenditure went to diabetes care.12 

•  In WHO’s Western Pacific region a recent analysis of 
health care expenditure has shown that 16% of hospital 
expenditure was on people with diabetes. 

•  Intangible costs (pain, anxiety, inconvenience and generally 
lower quality of life) also have great impact on the lives 
of patients and their families and are the most difficult to 
quantify. 

•  For most countries, the largest single item of diabetes 
expenditure is hospital admissions and outpatient treatment 
of long-term complications, such as diabetic retinopathy, 
heart disease and stroke, kidney failure and foot problems 
that may result in amputation. Many of these are potentially 
preventable given prompt diagnosis and treatment, effective 
patient and professional education and comprehensive 
long-term care. Appropriate action taken at the right time 
improves quality of life, and is cost-effective.

The Cost  
of Diabetes
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‘ Even a minor 
change in diet, 
exercise level or 
smoking can be 
of considerable 
importance when 
extrapolated to an 
entire population.’ 7

Websites of interest

On the home page for each of these 
organizations there is a list of diseases—
you choose the disease you want to 
investigate. The addresses below are 
specifically for diabetes.

World Health Organization
http://www.who.int/topics/diabetes_
mellitus/en/ 

Department of Health and Ageing 
(Australia)
http://www.healthinsite.gov.au/
topics/Diabetes 

Centers for Disease Control  
and Prevention
http://www.cdc.gov/diabetes 

The International Diabetes Foundation 
(http://www.idf.org/home/) has 
developed a Diabetes Atlas that 
graphically demonstrates the spread of 
diabetes around the world over time.  
The Atlas can be viewed at  
http://www.eatlas.idf.org/.
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Recent research 
articles 
1  Association of sleep apnea and Type II diabetes: 

a population-based study. Reichmuth KJ, Austin D, 
Skatrud JB, Young T. American journal of respiratory 
and critical care medicine 2005 Dec;172(12):1590-5. 

RATIONALE: Cross-sectional association has been 
reported between sleep-disordered breathing (SDB) and 
insulin resistance, but no prospective studies have been 
performed to determine whether SDB is causal in the 
development of diabetes. OBJECTIVES: The purpose of 
the study was to investigate the prevalence and incidence 
of Type 2 diabetes in subjects with SDB and whether an 
independent relationship exists between them. METHODS: 
A cross-sectional and longitudinal analysis was performed 
in 1,387 participants of the Wisconsin Sleep Cohort. Full 
polysomnography was used to characterize SDB. Diabetes 
was defined in two ways: (1) physician-diagnosis alone or (2) 
for those with glucose measurements, either fasting glucose 
≥ 126 mg/dl or physician diagnosis. MEASUREMENTS 
AND MAIN RESULTS: There was a greater prevalence of 
diabetes in subjects with increasing levels of SDB. A total 
of 14.7% of subjects with an apnea-hypopnea index (AHI) 
of 15 or more had a diagnosis of diabetes compared with 
2.8% of subjects with an AHI of less than 5. The odds ratio 
for having a physician diagnosis of diabetes mellitus with 
an AHI of 15 or greater versus an AHI of less than 5 was 
2.30 (95% confidence interval, 1.28-4.11; p=0.005) after 
adjustment for age, sex, and body habitus. The odds ratio 
for developing diabetes mellitus within 4 yr with an AHI 
of 15 or more compared with an AHI of less than 5 was 
1.62 (95% confidence interval, 0.67-3.65; p=0.24) when 
adjusting for age, sex, and body habitus. CONCLUSIONS: 
Diabetes is more prevalent in SDB and this relationship 
is independent of other risk factors. However, it is not 
clear that SDB is causal in the development of diabetes. 

2  Sleep-disordered breathing, glucose intolerance, 
and insulin resistance: the Sleep Heart Health Study. 
Punjabi NM, Shahar E, Redline S, Gottlieb DJ et al. 
American journal of epidemiology 2004 Sep;160(6):521-30. 

Clinic-based studies suggest that sleep-disordered 
breathing (SDB) is associated with glucose intolerance 
and insulin resistance. However, in the available studies, 
researchers have not rigorously controlled for confounding 
variables to assess the independent relation between 
SDB and impaired glucose metabolism. The objective of 
this study was to determine whether SDB was associated 
with glucose intolerance and insulin resistance among 
community-dwelling subjects (n=2,656) participating 
in the Sleep Heart Health Study (1994-1999). SDB was 
characterized with the respiratory disturbance index and 
measurements of oxygen saturation during sleep. Fasting 
and 2-hour glucose levels measured during an oral glucose 
tolerance test were used to assess glycemic status. 

Relative to subjects with a respiratory disturbance index 
of < 5.0 events/hour (the reference category), subjects 
with mild SDB (5.0-14.9 events/hour) and moderate to 
severe SDB (≥15 events/hour) had adjusted odds ratios of 
1.27 (95% confidence interval: 0.98, 1.64) and 1.46 (95% 
confidence interval: 1.09, 1.97), respectively, for fasting 
glucose intolerance (p for trend < 0.01). Sleep-related 
hypoxemia was also associated with glucose intolerance 
independently of age, gender, body mass index, and waist 
circumference. The results of this study suggest that SDB 
is independently associated with glucose intolerance and 
insulin resistance and may lead to Type 2 diabetes mellitus. 

3  Obstructive sleep apnoea syndrome, plasma 
adiponectin levels, and insulin resistance. Makino 
S, Handa H, Suzukawa K, Fujiwara M, Nakamura 
M, Muraoka S, Takasago I, Tanaka Y, Hashimoto K, 
Sugimoto T. Clin Endocrinol (Oxf). 2006 Jan;64(1):12-9.

OBJECTIVE: To investigate whether sleep-disordered 
breathing and/or plasma adiponectin levels are associated 
with insulin resistance independent of obesity or fat 
distribution in obstructive sleep apnoea syndrome (OSAS). 
DESIGN: Cross-sectional clinical study. Two-hundred 
and thirteen Japanese patients with OSAS aged 27-80 
years were divided into three groups: 30 with mild OSAS 
[apnoea-hypopnoea index (AHI)=10.3 +/- 0.9 episodes/h, 
minimum oxygen saturation (min SpO2)=87.3 +/- 0.9%], 98 
with moderate OSAS (AHI=28.9 +/- 0.6 episodes/h, min 
SpO2=82.1 +/- 0.7%), and 85 with severe OSAS (AHI=68.1 
+/- 2.8 episodes/h, min SpO2=72.3 +/- 1.6%). Twenty-
one patients undergoing diabetic treatments (two mild, 
nine moderate and 10 severe) were excluded from the 
assessment of insulin resistance and plasma adiponectin 
measurements. MEASUREMENTS: Fat distribution 
[evaluated according to visceral (V) and subcutaneous (S) 
fat areas using computed tomography scanning at the 
umbilical level], blood pressure, metabolic parameters 
and hormones including insulin and adiponectin were 
measured. After full polysomnography, venous blood was 
collected between 0600 and 0700 h. RESULTS: Severe 
OSAS patients were more hypertensive than mild and 
moderate OSAS. Fasting plasma glucose (FPG) and fasting 
plasma insulin and homeostasis model assessment of 
insulin resistance (HOMA-IR) levels were all higher in 
severe OSAS than mild and moderate OSAS patients. 
HOMA-IR was correlated not only with obesity [body mass 
index (BMI), V and S areas] but also with apnoea (AHI, min 
SpO2 and desaturation time). Additionally, HOMA-IR was 
correlated positively with haemoglobin (Hb)A(1c), systolic 
(SBP) and diastolic blood pressure (DBP), triglycerides and 
free fatty acids (FFA), and negatively with high density 
lipoprotein (HDL)-cholesterol, suggesting that insulin 
resistance is a key component of the metabolic syndrome 
in OSAS. Plasma adiponectin levels were not different 
between mild, moderate and severe OSAS groups. Plasma 
adiponectin levels were correlated with HOMA-IR and V 
area, but not AHI or min SpO2. Stepwise multiple regression 
analysis, however, revealed that BMI, AHI and plasma 
adiponectin were independently associated with HOMA-IR. 
CONCLUSION: Sleep-disordered breathing was associated 
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with insulin resistance independent of obesity. Although 
plasma adiponectin was also an independent determinant 
of HOMA-IR in OSAS patients, plasma adiponectin was 
more closely related to obesity than to sleep apnoea. 
Although treatment of sleep-disordered breathing with nasal 
continuous positive airway pressure reportedly improves 
insulin sensitivity, our findings suggest that treatment of 
obesity is also essential in ameliorating insulin resistance at 
least through increased plasma adiponectin levels in OSAS.

4  The effect of continuous positive airway 
pressure on glucose control in diabetic 
patients with severe obstructive sleep apnea. 
Hassaballa HA, Tulaimat A, Herdegen JJ, Mokhlesi 
B. Sleep Breath. 2005 Dec;9(4):176-80. 

Obstructive sleep apnea (OSA) is independently associated 
with glucose intolerance and insulin resistance, and 
recent studies have shown that continuous positive 
airway pressure (CPAP) improves insulin sensitivity. The 
objective of this study was to describe the change in 
glycosylated hemoglobin(HbA1c) after treatment with 
CPAP in patients with Type 2 diabetes mellitus and OSA. 
To test this hypothesis, we performed a retrospective 
analysis of 38 patients seen in the sleep clinic of an 
urban public teaching hospital. All patients had OSA and 
Type 2 diabetes mellitus, and their diabetic medication 
regimen had remained unchanged during the period of 
CPAP therapy. Sixty-one percent were men, body mass 
index was 42+/-9.5 kg/m2, and the Apnea-Hypopnea 
Index was 53+/-36 per hour. HbA1c before therapy with 
CPAP was 7.8+/-1.4% and decreased to 7.3+/-1.3% after 
134+/-119 days of therapy (p<0.001). Treatment with 
CPAP leads to a clinically significant drop in HbA1c in 
patients with Type 2 diabetes mellitus and severe OSA.

5  Differences in polysomnography predictors 
for hypertension and impaired glucose 
tolerance. Sulit L, Storfer-Isser A, Kirchner HL, 
Redline S. Sleep 2006 Jun;29(6):777-83. 

RATIONALE: It is unclear which indexes of physiologic 
stress obtained from polysomnography best predict sleep 
apnea-related outcomes. We assessed the relationships 
between various indexes of sleep-associated physiologic 
stress with two outcomes: hypertension and impaired 
glucose tolerance. METHODS: Three hundred and ninety-
four participants in the Cleveland Family Study underwent 
overnight polysomnography, blood pressure measurements, 
and an oral glucose tolerance test. Graphical techniques and 
generalized estimating equations for logistic models were 
used to quantify the relationship between polysomnography 
indexes and to estimate the odds of each outcome, adjusting 
for age, sex, race, and body habitus. RESULTS: Of the 
sample, 31% had hypertension, and 32% had impaired 
glucose tolerance. The odds of hypertension increased 
approximately 20% per 5-unit increase in arousal index 
(odds ratio 1.22; 95% confidence interval 1.06, 1.41). Weaker 
associations of hypertension with the apnea-hypopnea index 
and oxygen-saturation variables were seen. In contrast, 
the strongest index associated with impaired glucose 
tolerance was time spent at an oxygen saturation of <90%; 
individuals with at least 2% of time spent at a saturation 

level less than 90% had 2.33 times (95% CI 1.38, 3.94) the 
odds of impaired glucose tolerance. CONCLUSIONS: These 
data are consistent with disparate pathways mediating 
hypertension and impaired glucose tolerance. Vascular 
responses may be more directly related to sympathetic 
surges and arousals, whereas metabolic sequelae may be 
mediated more by hypoxic stress. One single index from 
polysomnography may not be adequate to fully predict the 
myriad health outcomes associated with sleep apnea. 

6  Obstructive sleep apnea is independently 
associated with insulin resistance. Ip MSM, 
Lam B, Ng MMT, Lam WK, Tsang KWT, Lam 
KSL. American Journal of Respiratory and Critical 
Care Medicine Mar 2002;165(5):670-6. 

Epidemiological studies have implicated obstructive 
sleep apnea (OSA) as an independent comorbid factor in 
cardiovascular and cerebrovascular diseases. It is postulated 
that recurrent episodes of occlusion of upper airways 
during sleep result in pathophysiological changes that may 
predispose to vascular diseases. Insulin resistance is a 
known risk factor for atherosclerosis, and we postulate 
that OSA represents a stress that promotes insulin 
resistance, hence atherogenesis. This study investigated 
the relationship between sleep-disordered breathing and 
insulin resistance, indicated by fasting serum insulin level 
and insulin resistance index based on the homeostasis 
model assessment method (HOMA-IR). A total of 270 
consecutive subjects (197 male) who were referred for 
polysomnography and who did not have known diabetes 
mellitus were included, and 185 were documented to 
have OSA defined as an apnea-hypopnea index (AHI) ≥ 5. 
OSA subjects were more insulin resistant, as indicated 
by higher levels of fasting serum insulin (p=0.001) and 
HOMA-IR (p<0.001); they were also older and more obese. 
Stepwise multiple linear regression analysis showed that 
obesity was the major determinant of insulin resistance but 
sleep-disordered breathing parameters (AHI and minimum 
oxygen saturation) were also independent determinants of 
insulin resistance (fasting insulin: AHI, p=0.02, minimum O2, 
p=0.041; HOMA-IR: AHI, p=0.044, minimum O2, p=0.022); 
this association between OSA and insulin resistance 
was seen in both obese and nonobese subjects. Each 
additional apnea or hypopnea per sleep hour increased 
the fasting insulin level and HOMA-IR by about 0.5%. 
Further analysis of the relationship of insulin resistance 
and hypertension confirmed that insulin resistance was a 
significant factor for hypertension in this cohort. Our findings 
suggest that OSA is independently associated with insulin 
resistance, and its role in the atherogenic potential of 
sleep-disordered breathing is worthy of further exploration.
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11–14 December 2006 Las Vegas, USA AARC International Respiratory Congress 
(American Association for Respiratory Care)

4–7 February 2007 Bangkok, Thailand WASM 2007 
(World Association of Sleep Medicine)

24–27 March 2007 New Orleans, USA ACC 2007 
(American College of Cardiology)

25–28 March 2007 Auckland, New Zealand TSANZ Annual Scientific Meeting

19–21 April 2007 Nashville, USA Focus on Respiratory Care &  
Sleep Medicine Conference

22–25 April 2007 Budapest, Hungary 15th European Conference on Obesity 
(European Association for the Study of Obesity)

24–26 April 2007 Las Vegas, USA Medtrade Spring 2007

18–23 May 2007 San Francisco, USA ATS 2007 
(American Thoracic Society)

9–12 June 2007 Hamburg, Germany Heart Failure 2007 
(European Society of Cardiology)

9–14 June 2007 Minneapolis, USA APSS 21st Annual Meeting 
(Associated Professional Sleep Societies)

11–16 June 2007 San Diego, USA ASBS Annual Meeting 
(American Society of Bariatric Surgery)

1–5 September 2007 Vienna, Austria World Congress of Cardiology 2007

2–6 September 2007 Cairns, Australia 5th World Congress of the World Federation of 
Sleep Research and Sleep Medicine Societies

15–19 September 2007 Stockholm, Sweden European Respiratory Society Congress 

20–25 October 2007 Chicago, USA Chest 2007

14–17 November 2007 Düsseldorf, Germany Medica 2007

2006-2007 Calendar of events

Global Offices

United States
ResMed Inc. 
Poway CA USA 
Tel: +1 858 746 2400 
or 1800 424 0737 
reception@resmed.com

Australia
ResMed Ltd 
Bella Vista NSW 
Tel: +61 2 8884 1000 
or 1800 658 189 
reception@resmed.com.au

Austria 
Tel: +43 1 803 4800

Finland 
Tel: +358 0 9 8676 820

France 
Tel: +33 4 26 100 200

Germany 
Tel: +49 0 89/99 01-00

Hong Kong 
Tel: +852 2366 0707

India 
Tel: +91 11 4223 5348

Italy 
Tel: +39 0586 503674

Japan 
Tel: +81 3 5840 6781

Malaysia 
Tel: +60 3 6201 7177

Netherlands 
Tel: +31 0 70 79904 00

New Zealand 
Tel: +64 274 737 633

Norway 
Tel: +47 67 11 88 50

Singapore 
Tel: +65 6284 7177

Spain 
Tel: +34 916 393 579

Sweden 
Tel: +46 520 420 110

Switzerland 
Tel: +41 61 564 70 00

United Kingdom 
Tel: +44 1235 862 997

ResMedica clinical 
newsletter publication is 
the subject of copyright 
owned by ResMed Ltd 
2006, all rights reserved.

Requests for permission 
to reproduce contributions 
from ResMedica should 
be addressed in writing to  
the editor.

ResMedica is a trademark 
and servicemark of  
ResMed Ltd.

ResMedica clinical newsletter is intended to serve as a forum for topics of interest to 
healthcare professionals. Contributions by the editor and authors may contain information 
or opinions that have not been verified for accuracy or completeness by their authors or 
the editor.

You should make your own independent inquiries before relying on ResMedica contributions 
and accordingly neither the ResMed Group of companies nor the editor offer to, nor 
will accept liability for, the consequences of any reliance you may place on ResMedica 
contributions. Opinions by authors in ResMedica contributions are not intended to be the 
opinions of, nor are they endorsed by, the ResMed Group of companies or the editor.

While the editor has striven to make correct attributions of authorship and to acknowledge 
ownership of copyright any omission or error is unintentional and the editor invites the 
notice of any suspected omission or error. ResMed publications adhere to the Chicago 
Manual of Style, 15th edition and the ResMed Writing Guide.

S8 AutoScore is a trademark of ResMed Ltd. © 2006 ResMed Ltd. 10930/1 06 11

Global leaders in sleep and respiratory medicine  www.resmed.com

AN IMPORTANT NOTE TO YOU, THE READER

RES108 newsletter_ƒ.indd   16 24/11/06   1:04:25 PM


