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Abstract

Obesity is a major global health issue, and its prevalence is increasing. Obesity is associated with
much comorbidity such as obstructive sleep apnea (OSA), type 2 diabetes mellitus (T2DM), and
cardiovascular diseases (CVD). Obesity is also one of the major causative factors of OSA, and
OSA itself can promote the onset of after T2DM because hypoxic episodes decrease insulin
sensitivity, and activation of the sympathetic pathway leads to the release of inflammatory markers
associated with insulin resistance. Continuous Positive Airway Pressure (CPAP) can be used to
ameliorate both conditions, as CPAP decreased hypoxia episodes and increases insulin sensitivity
and improves glucose metabolism. Weight-loss strategies play an important role in improving
OSA, T2DM, and other associated comorbidities. Lifestyle modification of diet and exercise,
medications or bariatric surgery should be considered weight loss. The purpose of this review is to
describe the relationship between obesity, OSA, and T2DM.
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Introduction

Obesity is now epidemic which has tripled worldwide since 19751 yet it was only recently
recognized as a disease by the United States in 2013.2 With this change in definition came
the ability for physicians to bill for services for obesity counselling and therapy. Obesity is
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the precipitating factor for many diseases such as CVD, OSA, T2DM, Non-alcoholic
steatohepatitis (NASH), osteoarthritis (OA) and some cancers (i.e. colon, prostate and
breast).13 Having obesity as well as one of these co-morbid conditions can increase the risk
of further disease even more. This can be seen in the relationship between obesity, OSA, and
T2DM. The OSA is one of the major causative factors of sleep disturbance and it is also
commonly found in patients diagnosed with T2DM because it’s associated with glucose
intolerance and insulin resistance. This association is even greater when OSA associated
with obesity. In the SLEEP-AHEAD study of lifestyle modification in obese people with
T2DM, increasing waist circumference was the only positive predictor for the diagnosis of
sleep apnea, and BMI was a positive predictor for severe OSA. As a result, weight loss is an
important part of the management of those with obesity, T2DM, and OSA. Physicians need
to be aware of the need to screen for T2DM in obese patients with OSA especially those
with severe OSA, as they are at risk for T2DM regardless of BMI or waist circumference.®

The relationship between obesity, T2DM, and OSAS®

Pathogenesis of obesity and T2DM

Between 2013 and 2014, the prevalence of obesity in the United States was 35% for men
and 40.4% for women.? In a cross-sectional analysis of National Health and Nutrition
Examination Survey (NHANES) data, rural whites and blacks had greater rates of obesity
than their urban counterparts.” The National Health and Nutrition Examination Survey
(NHANES) 111 data has also demonstrated that obesity increases the risk of T2DM amongst
blacks, whites, and Mexican-Americans.® The T2DM is a condition of insulin resistance
leading to hyperglycaemia. Abdominal obesity can predispose to this state of insulin
resistance through the release of pro-inflammatory cytokines and non-esterified fatty acids.8
In a study of incident T2DM, African-American women who were obese were at greater risk
for developing T2DM over time than a White woman; obesity was noted as a modifiable
risk, which could reduce the risk.® Greater BMI can also be associated with increased
morbidity in elderly white people with T2DM.10 This was also seen in East African blacks.
11 Interestingly enough, the connection between obesity and T2DM is different in Asian
populations; as visceral obesity and waist circumference, not body mass index (BMI) are
risk factors for T2DM.

Pathogenesis of obesity and OSA

Obesity contributes to OSA as increased neck fat leads to obstruction of the upper airway
during sleep.13 In addition, lying in a recumbent fashion and increased abdominal girth leads
to a decrease in lung volume thus further worsening hypoxia.14 OSA is also characterized by
neuronal dysfunction of the muscles needed to maintain the upper airway patent during
sleep. It is not clear if obesity plays a role in this.

In an observational study of mostly white older adults, those with a BMI over 30 had a
hazards ratio of 1.48 (1.02 to 2.15) (p<0.05) to have self-reported OSA when compared to
those who were normal weight; however this effect was not significant when the overweight
adults were compared to the normal weight adults.19 Male gender also increases the risk of
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OSA as rates of OSA are greater in men when compared to women, for unclear reasons this
difference decreases in post-menopausal women.15:16

Obesity and OSA can also be independently associated with an increased risk of
cardiovascular disease. In a cohort of an adult cohort of people referred for
polysomnography, the risk of developing atrial fibrillation increases as the severity of the
apnea-hypopnea index worsens or by a greater BMI.17 Other associated co-morbidities
include hypertension, depression and gastric reflux.18

The relationship between OSA and T2DM

Pathophysiology

The relationship between OSA and T2DM is bidirectional: T2DM is a risk factor for OSA
and OSA is a risk factor for T2DM. Even in people with pre-diabetes and morbid obesity,
there is a twofold increased rate of OSA compared to morbid obese controls with
normoglycemia.1® When hypoxic episodes and sleep fragmentation occur in OSA several
hormonal changes occur leading to activation of the sympathetic nervous system and
increased the release of catecholamine, thus leading to glycogenesis and decreased insulin
sensitivity.20 In addition, there is stimulation of the hypothalamic-pituitary-adrenal axis
(HPA axis) leading to increased levels of cortisol which can further impair glucose
metabolism by decreasing insulin release.2l: 22 Oxidative stress and inflammatory markers
(i.e. TNFa, 1L-6),23 play an important role in the cascade of inflammatory processes which
ultimately lead to metabolic syndrome. OSA itself is also associated with increased levels of
free leptinZ4 due to low levels of its soluble leptin receptor (sOb-R). This state of leptin
resistance is also associated with insulin resistance independent of BMI.2> Adiponectin,
secreted by adipose cells increases insulin sensitivity but its levels are decreased in the
milieu of hypoxia.28

In cross-sectional analyses of obese people, severity or frequency of apnea or minimum
oxygen saturation, not BMI as predictors of insulin resistance.2’-29 In a meta-analysis
including 5953patients with OSA over a 2-16 years duration, there were 332 incident cases
of T2DM.30 The risk was greater in those with moderate to severe OSA. In a cross-sectional
analysis of adults, both the normal weight and overweight/obese people with sleep-
disordered breathing (SDB) had greater rates of pre-diabetes or diabetes when compared to
those without SDB.3! Interestingly enough, this link was not always seen in longitudinal
studies examining this association.32 In a prospective study of Swedish men aged 30-69,
OSA was only a risk factor for T2DM in those who were obese, but not in those with OSA
and normal weight.32 The Wisconsin Sleep study found no statistically significant increased
risk of incident diabetes for 8 years at any level of Apnea-Hypopnea Index (AHI) when
results were adjusted for age, sex and body habitus.34

Visceral fat has been associated with increased risk of T2DM in those with OSA.24 In a
study of obese people with T2DM who chronically sleep less than 6.5 hours per night, those
with OSA had greater amounts of visceral fat, as well as increased levels of IL-6, IFN-y and
TNF-a compared to those without OSA.27 In another, waist but not neck circumference was
seen as an associated risk for OSA in obese people with T2DM;* but another observational
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study of people with OSA demonstrated that neck circumference, older age, male gender,
and elevated resting heart rate, prior myocardial infarction or hypertension were associated
with incident T2DM.36 Co-morbid hypertension has also been associated with insulin
resistance in those with OSA3”. It must be noted that there is great heterogeneity in these
studies, as some of them used self-report as opposed to formal testing for the diagnoses of
both T2DM and OSA. Also, many of them mostly enrolled males, so further research needs
to be conducted in women.38

Prevalence and screening

Patients with T2DM have an increased risk of OSA, unfortunately, many are undiagnosed. In
2008 the International Diabetes Federation Task Force on Epidemiology and Prevention
issued a report noting that patients with T2DM should be assessed for snoring, daytime
sleepiness and witnessed apnoeic events.3% Snoring can be used as a screening question, but
it is not perfect as there are people who snore who can have an Apnea-hypopnea Index
(AHI) in the normal range.*% Also, co-morbid pain from conditions such as diabetic
neuropathy can interfere with achieving a good night sleep.#! A study in primary care with
T2DM vyielded a diagnosis of OSA in only 18% of patients which was far less than the 87%
expected from prior studies.#243 High-risk patients, such as those with obesity and pre-
diabetes/diabetes should be considered.1® It must be noted that many of these at-risk patients
may be asymptomatic.#4 Weight or BMI should not be the sole measurements considered as
they do not account for the distribution of body fat or variance in cephalometric
measurements such as the size of the tongue or soft palate.*> Overnight sleep studies at a
sleep center or home devices can be used to diagnose OSA. The advantage of a home
screening device is the ease of use, short set-up time and low cost.*

The other benefit of screening for OSA in this population is that there is evidence that
suggests that in select populations, glycaemic control is associated with abnormalities of
sleep. In severely obese patients, those with T2DM had the lowest oxygen saturation levels
and had the greatest percentage of time with an oxygen saturation of less than 90%
(%TST<90%) during overnight polysomnography.*’ These individuals had higher
Haemoglobin A1C (HbA1C) levels, but AHI did not have an effect on glycaemic control.4’
In a study of men with BMI, less than 40kg/m? referred to a sleep clinic due to snoring, the
severity of AHI was associated with elevated post-load glucose levels and lower insulin
sensitivity*® (Table 1).

The effect of ethnicity on OSA, Obesity, and T2DM

In Asian population, a BMI greater than 23kg/m? is used to distinguish overweight status
and greater than 28 kg/m? to denote obesity. Vats et al.,%0 argue that obesity is a growing
problem in the Middle East, but the scarcity of sleep centres limits data collection.%9 In a
comparison of White Europeans to South Asians, White Europeans had greater rates of OSA
due to greater rates of obesity and central adiposity in White Europeans.®12 In a study of
Korean patients having polysomnography without a history of T2DM, those with the highest
rate of T2DM or IFG(impaired fasting glucose) had a mean BMI of 27kg/m2.53 As a resullt,
Asian patients will be at risk for OSA and T2DM at a lower BMI, suggesting that neck
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circumference, BMI, and central adiposity are not to blame for OSA in Asian populations.
54,55 |t has been suggested that racial differences in craniofacial anatomy may explain the
risk of OSA in Asians who are not obese.33 Craniofacial anatomy may also explain the
greater rate of increased apneics activity in African-Americans as compared to whites due to
tonsillar hypertrophy.®8 In a study of Kenyans in a diabetes clinic, those with older age (age
over 65), larger waist circumference and poor sleep quality were at greater risk for sleep
apnea as determined by their score on the Berlin questionnaire SMR(sensori motor
rhythms).48

Management of OSA and co-morbid T2DM

Lifestyle modification

Lifestyle interventions aimed at decreasing caloric intake and increasing physical activity
can have varying effects on AHI and metabolic indices. A Finnish study of mild OSA
patients randomized to a 1 year intervention of 14 sessions with a clinical dietician and a 12
week very low-calorie diet, demonstrated improvements in weight, AHI, and glycaemic
control when compared to those who had no intervention.>” Two of the four patients in the
intervention arm were able to stop their diabetes medications and two people in the control
arm were initiated on diabetes medications. Lifestyle modifications such as reduction in
caloric intake and 175 minutes of moderate exercise weekly can lead to improved outcomes
in HbA1lc, but not AHI in those with T2DM and OSA.38 This effect of improved HbAlc
was greater in the intensive lifestyle group when compared to those who received 3 sessions
of the group and individual diabetes education. Also, during this four-year study, remission
of OSA was 20.7% in the intervention group compared to only 3.6% in the diabetes
education group.>8 Unfortunately, many regained half of the weight loss between years 2
and 4 as the lifestyle intervention was only promoted in year 1; despite this, the average AHI
did not worsen.58 As a result, improvement in AHI is independent of weight loss. Weight
loss can be difficult if OSA is not well-managed as the daytime sleepiness will deter patients
from increasing physical activity.16

Bariatric surgery

Bariatric surgery has become a management option to cure components of the metabolic
syndrome in obese patients. For obese patients without a diagnosis of OSA, a screening
polysomnography is recommended as 83% of persons (289/349) who scored over 6 on the
Epworth Sleepiness Scale (ESS) had OSA confirmed by polysomnography.? Metabolic
outcomes such as the resolution of T2DM and/or OSA after bariatric surgery are variable. In
a meta-analysis of 136 studies (n=22,094 patients) which looked at co-morbid health
outcomes in those who had bariatric surgery for weight loss, 87.9% (1051/1195) and 76.8%
(1417/1846) had a resolution of OSA and T2DM respectively.61 In a study of obese patients
with moderate-severe OSA, those who were randomized to a laparoscopic lap band lost
more weight than those given a conventional plan of diet and exercise. Despite this greater
weight loss, there was not a significant change in AHI.52 Those with a shorter duration of
diabetes (less than 5-10 years) or those on oral agents had a nearly 2-fold greater chance of
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having a resolution of their T2DM than those with disease greater than 10 years or those
taking insulin.63

Continuous positive airway pressure

There have been mixed results examining the effect of Continuous Positive Airway Pressure
(CPAP) on improving insulin sensitivity in obese individuals without diabetes. 9 patients
with T2DM and moderate to severe OSA had no changes in insulin sensitivity measurements
after 2 nights of CPAP; however, an improvement was seen after 3months of CPAP.54 In a
study of 60 Chinese men with moderate to severe sleep apnea, those who used 1 week of
nasal CPAP had improved insulin sensitivity in obese individuals without T2DM.®® This
effect was even seen 12 weeks later in those who were obese. Interestingly enough in a study
of patients with OSA without diabetes, those who underwent a 2 week withdrawal period
from CPAP had worsening measures and symptoms of OSA, heart rate and blood pressure,
but no changes in insulin resistance.56 The fact that only 20% of patients in the study had
T2DM is likely the reason for this finding. A similar finding was seen in an observational
study from the VA(Veteran Affairs) in which those with the two highest quartiles of OSA
severity had a lower incidence of T2DM if they were compliant with CPAP use.®7

When CPAP was added to lifestyle intervention, there was a significant improvement in
OGTT outcomes after 12 months as compared to those with only lifestyle coaching. There
was no significant difference in weight loss between the 2 groups, but those in the CPAP
with intervention had greater rates of resolution of metabolic indices.58 In a randomized,
parallel 6 month trial examining the effects of CPAP on inflammatory markers, insulin
sensitivity and lipids, there was no clinically significant reduction in CRP after 24 weeks
between the CPAP alone, weight loss intervention or CPAP+ weight loss intervention
groups.89 Insulin sensitivity and triglycerides however significantly improved in the weight
loss and CPAP+ weight loss arms when compared to CPAP alone. Another study showed
greater improvement in leptin levels, but no difference in insulin sensitivity in obese patients
with severe OSA who used their CPAP 6 hours/night or more compared to those who used it
2hours or less.”0

Treatment with CPAP therapy can yield mixed results in improvement of diabetic measures
in those with OSA and pre-diabetes or diabetes. In a study of patients with pre-diabetes and
OSA, use of CPAP for 8hours/night for 2 weeks led to improved responses to OGTT when
compared to those who received a placebo.”* CPAP usage for greater than 4 hours/ for
30-90days led to significantly improved HbA1C and post-prandial glucose measurements in
those with T2DM and newly diagnosed OSA.”2 The presence of a leak around the seal of the
mask can decrease adherence to CPAP therapy.’3~7> Unfortunately, the significance of these
results was limited by the lack of control group. In a small study of patients (n=31) with a
BMI over 35kg/m and T2DM, insulin resistance declined with CPAP use.’®

CPAP use also can potentially affect the outcomes of cardiovascular risk and mortality.
Those in the Wisconsin Sleep study with severe OSA who were not regular users of CPAP
had a 5-fold greater risk of cardiovascular mortality compared to those with severe OSA
who used CPAP.”7 This increased risk occurred in the setting of co-morbid conditions such
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as hypertension, diabetes or known coronary artery disease. This increased risk has been
disputed in a meta-analysis of 10 randomized controlled trials comparing CPAP to sham
use ?? The authors noted that the lack of change in cardiovascular risk factors like blood
pressure or diabetes and the short-term nature of these studies were likely causes of this
result.’®

Discussion

The relationship between disturbed sleep and incident T2DM has a U-shaped relationship, in
which those who get less than 5 hours or greater than 9 hours of sleep are at greater risk.”®
Disturbed sleep is associated with insulin resistance, thus increasing the risk for T2DM.
T2DM itself is associated with obesity and co-morbid pain such as neuropathy. This
increases the risk for disturbed sleep. As a result, those with T2DM should be screened for
OSA, and the converse is also true. Sleep disturbance and obesity are risk factors for the
other components of the metabolic syndrome, thus hypertension, dyslipidemia, and risk for
cardiovascular disease should also be assessed.

Obesity is increasing globally and the associated diseases, OSA and T2DM prevalence is
also increasing globally.80- 81 OSA and T2DM are common findings in patients.82 OSA is a
risk factor for T2DM, metabolic syndrome and cardiovascular diseases.8%81 One more
Cohort study shows moderate to severe OSA is one of the major risk factor in causing
incidental T2DM.83 Moderate to severe OSA increases blood sugar level in T2DM patients,
because hypoxemia triggers hyperglycaemia in patients with T2DM along with OSA.84 OSA
can worsen hyperglycaemia in T2DM patients, and can be the only major causative factor of
T2DM.85 In severe OSA patients hypoxemia increases blood sugar level and can aggravate
pre-existing T2DM. Patient should be screened for DT2M if present with OSA and vice
versa.86 OSA causes hyperglycaemia and it depends on the severity of OSA; severe OSA is
also associated with insulin resistance.87:88 OSA is one of the major leading factors causing,
hypertension, T2DM, metabolic syndrome, and cardiovascular diseases.8?

Patients with obesity and diabetes should be screened for OSA for better health outcomes as
OSA is associated with diabetes and obesity and can lead to metabolic and cardiovascular
complications in these patients.*> CPAP treatment in OSA patients associated with T2DM
can significantly improve hyperglycemia by improving insulin sensitivity and there could be
a significant improvement in T2DM symptoms.?9-92 More long-term studies need to be
conducted to further examine this relationship between OSA and T2DM, as most of the
literature is based on cross-sectional data.*0

Conclusion

Obesity, OSA, and T2DM are associated as they all are associated with alterations of
inflammatory markers and increase the risk of cardiovascular disease. The management
strategy of these conditions includes weight loss. Weight loss can be achieved through
lifestyle modification: increased physical activity and decreased caloric intake and/or
bariatric surgery. CPAP therapy is also a gold standard for the treatment of hypoxia in those
with moderate to severe OSA. More studies need to be done assessing the use of CPAP in
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conjunction with weight loss for improving outcomes in those with T2DM and OSA. In
addition, long-term studies need to be done to see the impact of weight loss and CPAP on
the improvements of AHI and insulin resistance.
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Abbrevations:

OSA obstructive sleep apnea

T2DM Type 2 diabetes mellitus

CPAP continuous positive airway pressure
NASH non-alcoholic steatohepatitis

AHI apnea-hypopnea index

ESS epworth sleepiness scale
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Figure 1.
Interrelated pathophysiology of Obesity, OSA and T2DM.
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Table 1

Correlation of OSA, Obesity, and T2DM
Nature of study Study design N OSA Obesity T2DM References
Quality of sleep and risk for OSA in ambulant conti
individuals with T2DM at a tertiary referral gﬁfsaigfit\;gg?ﬂ’d 223 positive  positive  positive 48
hospital in Kenya P Y
Comorbidities Associated with OSA retrospective study 100 positive  Positive  positive 18
Sleep apnoea in Australian men: disease burden,
co-morbidities, and correlates from the Longitudinal study 13,423 Positive  Positive  Positive 93
Australian males.
Prevalence of diagnosed sleep apnea among . . . .
patients with type 2 diabetes in primary care. Retrospective 16,066 Positive Positive  Positive 42
Prevalence of glucose intolerance and
associated risk factors in rural and urban cross-sectional study 1459 Positive  Positive  positive 11
populations of different ethnic groups in Kenya.
OSA among obese patients with T2DM logistic regressions 306 Positive  Positive  positive 4
Impaired glucose-insulin metabolism in males cross-sectional study 595 Positive  Positive  Positive 49

with OSAS
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