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Abstract
Purpose of the study Type 2 diabetes mellitus (T2DM) and obstructive sleep apnea (OSA) are closely associated diseases with a
significant impact on public health. Both diseases are highly prevalent and the common overlapping risk factors include obesity,
old age, and a generally high preponderance in men. A growing body of evidence suggests a bidirectional association between
OSA and T2DM; both, in turn, constitute as strong risk factors for cardiovascular diseases, the leading cause of premature deaths
and morbidity in India. Several studies have reported a higher prevalence of OSA in Indian patients with T2DM, despite lower
levels of obesity. However, OSA remains an underdiagnosed condition in Indian patients with T2DM due to lack of awareness,
uncertainty about treatment options, and non-availability of diagnostic facilities.
Methods This document embodies evidence-based clinical practice recommendations and outlines an optimized care pathway
for patients with T2DM and OSA, based on consensus multidisciplinary observations and clinical experiences.
Results and conclusions Implementation of screening, diagnosis, and treatment of OSA in patients with T2DM at initial stages
could potentially alleviate the risk of cardiovascular disease and substantially improve their quality of life. The recommendations
emphasize the need for collaborative efforts from diabetologists, endocrinologists, and sleep medicine specialists towards
systematic screening, diagnosis, and treatment of coexisting T2DM and OSA for enhanced patient care.
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Background

The global burden of diabetes mellitus (DM) is rapidly esca-
lating and nearly tripled over the past two decades [1].
According to estimates of the International Diabetes
Federation (IDF) 2017,around 463 million or 9.3% of the
world’s population are living with DM and among these
90% of the cases are type 2 DM (T2DM). India, with over
77 million adults with DM, is ranked second in the world and
the estimated number of affected individuals is expected to
rise up to 134.2 million by 2045 [1].

Obstructive sleep apnea (OSA) is a common form of sleep-
disordered breathing characterized by frequent episodes of
partial or complete upper airway blockage resulting in oxygen
desaturation and sleep fragmentation and non-refreshing sleep
with daytime fatigue and sleepiness [2]. Recent literature-
based evidence estimated that approximately 1 billion adults
aged 30–69 years worldwide suffer from mild to severe OSA
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and of these 425 million are moderate to severe for which
treatment is usually recommended [3]. OSA is also a signifi-
cant public health problem in India with a prevalence ranging
between 3.5% and 19.5%, although a majority of them remain
clinically undiagnosed [4].

A growing body of evidence suggests a positive and bidi-
rectional association between OSA and the development of
T2DM; both, in turn, constitute as strong risk factors for car-
diovascular diseases (CVD), that affect millionsworldwide [3,
5–9]. Both diseases share common determinants such as obe-
sity and increasing age and have a higher predisposition in
men. Several facets of OSA including short sleep duration
and disturbances in the circadian rhythm have recently
emerged as potential risk factors for insulin resistance (IR)
and development of impaired glucose tolerance and T2DM
[10]. Inadequately treated OSA in T2DM is also associated
with higher risk of micro- and macrovascular complications
including neuropathy, retinopathy, nephropathy, and periph-
eral arterial diseases. Despite this, OSA remains an
underdiagnosed and untreated condition in adults with
T2DM due to a general lack of awareness among public and
healthcare professionals [11, 12]. The IDF and the American
Diabetes Association (ADA) guidelines recommend screen-
ing for OSA in all adults with T2DM to reduce diabetes-
associated complications [11, 13].

Epidemiology

The prevalence of OSA in adults with T2DM is challenging to
define due to the lack of multicenter population-based studies
in India. However, several cross-sectional studies across var-
ious geographies in India suggest a high prevalence of OSA in
adults with T2DM, which varies widely between 23.7% and
95% depending on the study population, methods, and criteria
used for diagnosis [14–18]. A hospital-based study from
South India on 203 adults with T2DM showed that OSA is
prevalent among 23.7% of its study population [14]. A similar
prevalence rate for OSA (24.3%) was reported by Ekka et al
among 325 patients with T2DM in north India [17]. In a study
from Central India, among 33patients with T2DM, the preva-
lence rate for OSA was 27% [15]. A clinic-based cross-sec-
tional study from the Western part of India reported a preva-
lence rate of 54% among patients with T2DM,which is almost
double than other geographies across India [18]. Interestingly,
a long-term study byMalik et al reported a prevalence rate of
over 95% for OSA in north Indian patients with T2DM, which
is the highest reported prevalence so far in India [16].
Research studies consistently reported a higher prevalence of
OSA in T2DM among men than in women [14, 17, 18].
Moreover, the prevalence of OSA in patients with T2DM
among the urban population is higher compared with the rural
population [18].

Need for recommendations

The evidence-based Indian initiative on obstructive sleep ap-
nea (INOSA) consensus guidelines stated that the prevalence
of OSA in patients with T2DM is higher than those without
disease and the risk of developing T2DM increases with the
severity of OSA [19]. Existing evidence also suggests that
OSA worsens glycemic control in T2DM and may contribute
to a higher percentage of diabetes-related complications such
as CVD, diabetic neuropathy as well as retinopathy [20].

Given the enormous public health burden, better clinical
practices are needed to ensure that patients presenting with
either OSA or T2DM are assessed for the co-existence of the
other. Both IDF and ADA have already recommended screen-
ing for OSA in patients with T2DM [11, 13]. In India, current
guidelines for the management of patients with T2DM do not
include evaluation for possible OSA. Leading endocrinolo-
gists and diabetologists collaborated with sleep specialists to
develop this clinical recommendation that provides evidence-
based guidance to researchers, patients, clinicians, public
health policy-makers, and all other stakeholders’ for the
screening, diagnosis, and treatment of OSA in patients with
T2DM. These recommendations are convened to enable clin-
ical decision making and should be appropriately amended
based on the individual patient requirements such as comor-
bidities, and other factors based on good clinical judgment and
practices. These are consensus-based recommendations from
the published literature evidence and does not contain any
work on animals or human participants conducted by any of
the authors.

Obstructive sleep apnea

Signs and symptoms

The pathophysiology of OSA is multifactorial, and the signs
and symptomsmay vary among the affected individuals. OSA
can be mainly grouped under two conditions: present during
or around sleep and while the individual is wide-awake [21].
Recurrent collapse of nasopharyngeal and oropharyngeal air-
ways during sleep resulting in substantially reduced
(hypopnea) or completely interrupted (apnea) airflow even
with constant breathing efforts is a hallmark feature of OSA.
Loud snoring is another characteristic manifestation of OSA
and in most cases is associated with a brief revival from sleep
[22]. An autonomic nervous system stimulation that results in
sudden awakening with gasping of air can lead to palpitations,
sweating, or even panic [23]. Once the individual is awake,
this shortness of breath quickly settles. This sudden awaken-
ing can make it difficult to fall asleep again and this is later
diagnosed as an OSA. The fragmented sleep, daytime fatigue,
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and sleepiness are broadly identified as symptoms of OSA
[24].

The classical symptoms of OSA mainly involve snoring,
excessive daytime sleepiness, choking or gasping at night,
night sweats, neurocognitive impairment, heartburn, morning
headaches, maintenance insomnia, erectile dysfunction, and
nocturia (Fig. 1) [25]. The physical examination findings of
OSA mainly comprise obesity, enlarged neck circumference,
crowded upper airway, hypertension, accentuated P2 heart
sounds (pulmonary hypertension), retrognathia/overjet, nasal
obstruction, decreased oxygen saturation, S3 heart sound
(congestive heart failure), and lower extremity edema (heart
failure) [25].

Screening and diagnosis

Over 80% of individuals with moderate-to-severe OSA re-
main undiagnosed [26]. Considering the overwhelming im-
pact of OSA on health and quality of life, it is important to
effectively diagnose patients with OSA and ensure optimal
management [27–30]. Thus, an appropriate screening tool is
essential to categorize patients based on their clinical symp-
toms and physiological risk factors.

The prospective diagnostic strategy mainly includes an as-
sessment of a formal clinical history using screening question-
naires, clinical questionnaire tools, and prediction tools [23].
Screening questionnaires are simple, low-cost tools that can
be used to segregate patients eligible for diagnostic tests. The
US Preventive Services Task Force recommends the Epworth
Sleepiness Scale (ESS) [30], STOP Questionnaire (Snoring,
Tiredness, Observed Apnea, High Blood Pressure) [31],
STOP-Bang Questionnaire (STOP Questionnaire plus body
mass index [BMI], Age, Neck Circumference, and Gender)
[32], the Berlin questionnaire [33], and the Wisconsin Sleep
Questionnaire [34] to screen patients with OSA in primary
care setting [35] (Fig. 2).

In addition to the risk factors, physical examination com-
prising BMI, reduced distance and increased angles from
the chin to the thyroid cartilage, and a narrow oropharyngeal
opening can be predictive of OSA [24, 25]. Individuals
screened positive would have to undergo a diagnostic test
to confirm the presence of OSA. Polysomnography (PSG) is
a noninvasive, sleep laboratory, or home-based testing
using a portable monitor to quantify apnea-hypopnea index
(AHI), calculated by adding all number apnea and hypopnea
events and then dividing it by total sleep time. PSG involves
simultaneous recording of OSA determinant physiologic
sleep variables such as electroencephalogram, electro-
oculogram (eye movements), chin electromyogram (muscle
tone), electrocardiogram, respiratory effort, airflow, and ox-
ygenation [36].

OSA-excess weight-T2DM

Several longitudinal cohort studies and meta-analysis have
reported an increased risk of poor metabolic control and inci-
dent T2DM in patients with severe to moderate sleep apnea
[37–40]. Findings also suggest that self-reported history of
sleep-disordered breathing and snoring are independently as-
sociated with glucose intolerance and insulin resistance in
patients with T2DM [27, 41, 42]. Aggregated with aging
and obesity, OSA has shown to increase the risk and severity
of T2DM [43, 44]. Interestingly, Indian patients with T2DM
with a low BMI are also at risk of developing OSA. In an
Indian study with over 400 T2DM patients from a specialty
diabetes clinic, nearly 28% of patients with BMI ≤ 25 kg/m2

had a high risk of OSA as assessed on the Epworth Sleepiness
Scale [45]. Thus, epidemiologically Indians and South Asians
have a similar risk of OSA as compared with Americans or
Europeans despite lower rates of obesity [46].

Obesity is a predominant risk factor and a 10% increase in
body weight has been correlated with a six-fold increase in the
risk of developing OSA [47]. Sleep fragmentation due to
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failure)
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• Mood changes such as depression

or irritability
• High blood pressure

Fig. 1 Signs and symptoms of obstructive sleep apnea. OSA, obstructive sleep apnea; P2, pulmonary valve; S3, third heart sound
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sudden awakening during sleep leads to activation of the au-
tonomic nervous system. Augmented oxidative stress and
chronic inflammation due to intermittent hypoxia and en-
hanced sympathetic activity dysregulate the glucose metabo-
lism. It is further postulated that hypoxia may have damaging
effect on pancreatic β-cell, liver, and adipose tissue function,
which could further disrupt the glucose homeostasis [48]
(Fig. 3).

Insufficient (≤ 5 h/day) or excessive (≥ 9 h/day) sleep inter-
val is associated with a risk of developing T2DM, which is
comparable with physical immobility or inactivity. The mech-
anism of glycemic dysregulation and obesity with sleep dis-
turbances is mainly linked with overactivity of the sympathet-
ic nervous system that triggers over-eating or binge eating and
commonly reported in patients with T2DM; this is ultimately
linked to excessive weight gain [43]. Dysregulation of neuro-
endocrine control of appetite associated with disturbed sleep
leads to increased circulating levels of hunger promoting hor-
mone (ghrelin) and decreased satiety factor (leptin) [49].
Prevalence of undiagnosed OSA (86.6%) is currently high in
obese patients with T2DM [50].

Earlier studies comparing insulin resistance in total sleep-
deprived individuals versus those with normal sleep condi-
tions demonstrated that insulin resistance was induced by
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Fig. 3 Plausible mechanisms of development of glucose intolerance in
OSA-T2DM patients
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acute sleep deprivation [51, 52]. Findings from a randomized
controlled study suggested that an improvement of sleep pat-
tern in obese patients with T2DM significantly reduced body
weight, BMI, and glycated hemoglobin (HbA1c) as compared
with the control group [53]. Confirming the two-way link, the
Sleep AHEAD randomized controlled study reported clinical-
ly relevant improvements in OSA among obese patients with
T2DM following lifestyle-based behavioral weight loss pro-
gram and increased physical activity [54]. The benefit of
weight loss was observed in men with severe OSA at baseline
and participants with a weight loss of 10 kg or more who
showed the greatest reductions in AHI [48]. Thus, effective
weight loss strategies could produce meaningful improve-
ments in outcomes among patients with OSA and T2DM.

Current treatment options for OSA

There are several options available for the management of
OSA according to disease severity, which include:

& Lifestyle modifications such as weight loss through phys-
ical exercise for all obese people with OSA should be
recommended for regardless of other interventions.
Additionally, risk factors such as alcohol, smoking, and
sedative medications should be avoided.

& Continuous positive airway pressure (CPAP) is regarded as
the gold standard treatment for OSA. Patients with AHI ≥ 5
with symptoms or AHI ≥ 15 are primarily recommended for
treatment with auto-CPAP therapy, as a first line of therapy
[55]. During CPAP treatment, the pressurized air is delivered
into the upper airways, to relieve obstruction during sleep
[56, 57]. Themask is worn over the nose and/or mouthwhile
sleeping, which is connected to the machine that delivers
pressurized air continuously [58]. Despite all benefits, pa-
tient’s intolerance, unacceptance, and non-adherence due to
mask discomfort may limit the use of CPAP. Therefore,
counseling, and open discussion with patients should be en-
couraged to mitigate apprehensions and negative perceptions
about CPAP. Bi-level positive airway pressure (PAP) may
be considered in patients who are intolerant to CPAP and is
suitable for non-obstructive sleep-related hypoventilation
and patients with overlap syndromes leading to
hypoventilation. It works by administering pressure between
inspiratory and expiratory cycles thereby combating the in-
spiratory flow limitation of the upper airway and increasing
the tidal volume. This noninvasive method is considered
more appropriate for obese patients with hypoventilation,
patients with chronic obstructive pulmonary disorder, or al-
veolar hypoventilation associated with neuromuscular disor-
ders [59].

& Oral appliances are widely prescribed as a treatment for
OSA in patients with mild-to-moderate OSA, particularly
in patients who are unable to use CPAP [60]. These are

known to alleviate airway obstruction by enlarging the
upper airway or reducing its collapsibility during sleep
[61]. A dental device can be used to keep the airway open,
which is noninvasive in nature and has emerged as an
alternative treatment for OSA. Oral devices are catego-
rized as tongue-retaining devices and mandibular ad-
vancement devices (MAD) or mandibular advancement
splints (MAS) or mandibular repositioning appliances
(MRA) [62, 63]. The MAD is more widely applied in
clinical practice. MAD appliances enable mandibular pro-
trusion with respect to the resting position by covering the
upper and lower teeth, which in turn advances the tongue
position and subsequently increases oropharyngeal vol-
ume. Accredited sleep specialists may predict an effective
mandibular protrusion position by using polysomno-
graphic evaluation with a remotely controlled mandibular
positioner to help customize the device [64]. In patients
with mild-to-moderate OSA, a > 50% reduction in AHI to
< 5/h was reported in 42.8% of patients using an oral ap-
pliance and 73.2% of patients using CPAP. The odds of
achieving AHI < 5/h was 49 times greater and < 10/h 89
times greater in patients treated with the oral appliance
when compared with the control untreated group [65,
66]. The tongue-retaining devices hold the tongue forward
by suction, thereby avoiding its collapse into airways.
However, these devices have poor tolerance among pa-
tients and have shown inadequate efficacy [60, 66].
Objective tracking of device use and adherence is usually
challenging. However, the difference between the mean
subjective adherence rates for oral appliance users was
0.70 more hours per night than the objective adherence
rates among CPAP users [65, 66].

& Surgery is warranted in few conditions that need anatom-
ical restructuring to reduce the obstruction in nose, oro-
pharynx, or hypopharynx. Such conditions include retro
positioned maxilla or mandible, enlarged pharyngeal fat
pads, soft palate or tongue, narrow posterior airway space,
and upper airway hypotonia. Nasal surgeries, palatal sur-
geries (uvulopalatopharyngoplasty), and tongue-based
surgeries (genioglossus advancement with hyoid suspen-
sion) are performed at level 1 to alleviate OSA
maxillomandibular advancement (MMA) is a more com-
plex procedure and generally reserved for patients with
major OSA and for obstructions that could not be resolved
in level 1 surgeries [63, 67].

Biological links/pathophysiology
between OSA and T2DM

Obesity is a major confounder for the association between
T2DM and OSA [68]. Nearly 60–90% of individuals with
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OSA are overweight, and the relative risk of OSA in obesity
(BMI > 29 kg/m2) is ≥ 10 [11]. Several studies report a sub-
stantial impact of fat accumulation around the abdomen and
neck regions on upper airway size and function. Increasing
neck circumference, reduced pharyngeal lumen size, and com-
promised upper airway muscle force due to fat deposition in
obese individuals leads to occlusion of the upper airway dur-
ing sleep, resulting in OSA [69]. Additionally, reduced lung
volume and upper airway size secondary to increasing mass
effect of central obesity on the chest wall and reduced tracheal
traction worsens hypoxia and contributes to increased risk of
OSA [70]. The relationship between OSA and T2DM is bidi-
rectional: OSA is a risk factor for T2DM and vice versa [9].
The following sections outline the postulated links.

Does OSA play any role in the development of T2DM?

OSA may directly or indirectly play a role in development of
T2DM. The intermittent hypoxia and sleep fragmentation are
postulated to induce metabolic dysfunction and alteration of
glucose metabolism that eventually contributes to the devel-
opment of T2DM [71] (Fig. 4). Episodes of hypoxia also
reduce insulin sensitivity without a compensatory increase in
insulin secretion, potentially suggesting β-cell dysfunction.
Other mechanisms associated with disrupted glucose metabo-
lism include hormonal changes such as activation of the hy-
pothalamic–pituitary–adrenal axis; higher release of catechol-
amines, ghrelin, leptin; and decreased adiponectin in OSA.

Further, recurrent hypoxia and sleep arousals contribute to
increased sympathetic activity leading to dysregulation of glu-
cose and fat metabolism and the development of T2DM.
Oxidative stress in OSA and the elevated levels of inflamma-
tory cytokines such as tumor necrosis factor alpha,
interleukin-6 (IL-6), IL-8, and nuclear factor kappa light chain
enhancer of activated B cells NF-κB also contribute to IR and
β-cell dysfunction [72].

Does OSA have any effect on components of
metabolic syndrome?

Metabolic syndrome is a group term for several metabolic
abnormalities including central obesity, IR or glucose
intolerance, hypertension, and dyslipidemia, and is associated
with an increased risk for T2DM and CVDs [73]. Several
studies identified an independent and bidirectional risk
association between OSA and metabolic syndrome or its
individual components [74, 75]. Moreover, the severity of
OSA is associated with poor control of components of
metabolic syndrome such as hyperglycemia, hypertension
and dyslipidemia [76, 77]. Existing literature evidence sug-
gests that OSA initiates several intermediary mechanisms
such as inflammation, neurohumoral alterations including
sympathetic activation, and oxidative stress that have been
suggested to increase the risk of metabolic syndrome as well
as its components [78].

Intermi nt
hypoxia

Lep

Chronic
inflamma n

IL -6 and IL -8

TNF -α
Ghrelin

Oxida e
stress

↑ Lipid peroxida n

NF -κB

T2DM

sol

Hypoxia-inducible
factor-1

Insulin
resistance

Altered Glucose
metabolism

Catecholamines

Obstruc e Sleep
Apnea

Sleep arousals and
fragmenta n

Sympathe
ac on

Fig. 4 Link between OSA and
T2DM. OSA, obstructive sleep
apnea; IL, interleukin; NF-κB,
nuclear factor kappa light chain
enhancer of activated B cells;
T2DM, type 2 diabetes mellitus;
TNF-α, tumor necrosis factor
alpha
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Does T2DM play a role in the development of OSA?

The role of T2DM as a risk factor for OSA is less explored.
In a study evaluating risk factors (odds ratio [95% CI]) for
OSA in a population of 3565 individuals, waist circumfer-
ence (1.34 [1.19–1.52]), fasting insulin, homeostasis model
assessment of insulin resistance (HOMA-IR) (1.31 [1.13–
1.51] both) and triglycerides (1.24 [1.09–1.41]) were asso-
ciated with a greater risk of observed apnea [79]. Notably,
these risk factors are commonly associated with T2DM. It
is postulated that T2DM can contribute to the development
or exacerbated progression of pre-existing OSA. Increasing
body weight in T2DM is the most common determinant of
OSA that has a higher preponderance in men [80]. Among
other possible mechanisms, loss of upper airway innerva-
tion and reduced neuromuscular response due to autonomic
neuropathy in diabetes explains the abnormal control of
breathing and frequent sleep apnea in these patients
[80–82].

Does OSA have any effect on glycemic control of
existing T2DM patients?

Several cross-sectional studies have suggested that OSA has a
significant impact on the glucose metabolism and glycemic
control in both patients with or without T2DM [83, 84]; how-
ever, data from long-term prospective longitudinal studies are
lacking. Existing literature shows that both presence and se-
verity of untreated OSA independently associate with poor
glycemic control (increased HbA1c levels) in patients with
T2DM; despite adjusting for relevant confounding factors
such as age, sex, race, BMI, diabetes duration, lipids, exercise,
blood pressure and insulin therapy [83, 85, 86]. Moreover,
both duration and quality of sleep were also correlated with
worse glycemic control; necessitating the need for treatment
of OSA in patients with T2DM [87]. However, the effect of
CPAP therapy on glycemic control or IR have had mixed
results in patients with T2DM (Table 1).

Public health implications of OSA and T2DM

Both OSA and T2DM are closely associated diseases with
high prevalence and having major impact on public health.
There is increasing evidence that OSA is associated with risk
of both T2DM and CVD complications; resulting in signifi-
cant socioeconomic burden [1, 11, 13, 88]. It is likely that over
half of the people with T2DM suffer from sleep disturbances
and of these, up to one-third who are severely affected may
require treatment [11].

Literature evidence shows that the presence and severity of
OSA in patients with T2DM have been implicated in macro-
and microvascular complications of diabetes mellitus [88].

OSA shares several common molecular mechanisms with hy-
perglycemia which results in microvascular complications in
patients with T2DM [88]. In patients with T2DM, the pres-
ence of OSA was associated with the risk of diabetic retinop-
athy [89], diabetic macular edema [90], diabetic neuropathy
[91], and diabetic nephropathy [92]. It was also well-
established that OSA in patients with or without T2DM was
strongly implicated for CVD in numerous cross-sectional and
longitudinal studies [93, 94]. In both Sleep Heart Health Study
and the Wisconsin Sleep Cohort Study, OSA was strongly
associated with hypertension [7, 95, 96]. Moreover, OSA is
the most common secondary cause of drug-resistant hyperten-
sion and linked to a non-dipping form of hypertension [7, 97].
Though studies in patients with T2DM are lacking, OSA has
been associated with a higher risk of developing coronary
artery disease [5], stroke [98], atrial fibrillation [99], athero-
sclerosis [100], dyslipidemia [101], arterial stiffness [102],
cardiac arrhythmias [103], and heart failure [5]. Other comor-
bidities that have been associated with OSA include cognitive
impairment, depression, decreased quality of life, motor vehi-
cle accidents, psychological social function, and erectile dys-
function [88].

The high prevalence of OSA in T2DM raises the likeli-
hood that some of the morbidity and mortalities linked to
T2DM may be attributable to undiagnosed OSA [50]. This
was clearly evident in the Sleep AHEAD trial where alarm-
ingly 86% of obese patients with T2DMwere found to have
undiagnosed OSA with an AHI of 20.5 events/h [50]. In a
10-year long-term observation study, obese patients with
OSA had higher healthcare resource utilization and associ-
ated costs; interestingly these were increased over time un-
til diagnosis and decreased after treatment [104]. Therefore,
even in the absence of clinical manifestations, physicians
handling obese patients with T2DM should be screened and
treated appropriately as a part of routine clinical practice for
better health outcomes associated with adverse conse-
quences of OSA [50, 105].

Recommendations for screening of patients
for OSA for diabetologists [19, 106–108]

Figure 5 outlines the recommendations for screening, diagno-
sis, and treatment of OSA in patients with T2DM. As
discussed, any of the validated, easy-to-use questionnaires
(STOP, STOP-Bang, Berlin Questionnaire, Epworth
Sleepiness Scale, or Wisconsin Sleep Questionnaire) can be
used for screening. STOP and STOP-Bang are reliable tools
with high sensitivity to detect mild, moderate, and severe OSA
in clinical settings [109]. Patients presenting with the follow-
ing signs and symptoms are considered as high risk and
should be screened for OSA:
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& Patients complaining of sleepiness, non-restorative
sleep, fatigue or symptoms of insomnia, waking up with
gasping or choking, habitual snoring, interruptions in
breathing

& Upper airway evaluation showing retrognathia, high
arched palate, macroglossia, tonsillar hypertrophy, en-
larged uvula, and nasal abnormality

& Patients who demonstrate PSG or level 3 portable sleep
test or home-based cardiorespiratory sleep tests with five
or more obstructive respiratory events per hour of sleep
OR with fifteen or more obstructive respiratory events per
hour of sleep in the absence of symptoms

& Existing comorbidities such as hypertension, prediabetes
or overt T2DM, congestive heart failure, atrial fibrillation,
coronary artery disease, and cognitive dysfunction

& Patients with BMI > 22–25 kg/m2 [119]
& Abdominal obesity (cm) in the range of > 90 for males and

> 80 for females (Asian population) and waist circumfer-
ence men: 78 cm, women: 72 cm

& Neck circumference—women: > 16 in.; men: > 17 in.
& Body fat cut—men: 25%, women: 30%
& Fasting plasma glucose (FPG) ≥ 100 mg/dL
& Hypertension (mmHg) ranging in ≥ 130/≥ 85
& High triglycerides levels of ≥ 150 and low levels of high-

density lipoprotein (HDL)men: < 40; women: < 50

Additionally, patients with congestive heart failure, atrial
fibrillation, treatment-refractory hypertension, nocturnal dys-
rhythmias, hypothyroidism, stroke, and pulmonary hyperten-
sion are also at increased risk of OSA and should be screened
for the same [108]. Notably, candidates for bariatric surgery
and individuals on high-risk jobs (machine operators, pilots,
truck or bus drivers) experiencing excessive daytime somno-
lence should be screened for possible OSA.

Recommendations for diagnosis

Diagnosis of T2DM in patients with OSA

Diagnosis of prediabetes and T2DM is recommended in fam-
ily members of patients with existing T2DM and overweight
children and adolescents at the onset of puberty. Overweight
individuals exhibiting signs and symptoms of OSA especially
habitual snoring, witnessed apnea, and daytime sleepiness
should be diagnosed for the co-existence of T2DM.

Prediabetes can be diagnosed based on the following
criteria [120]:

& Impaired fasting glucose (IFG): FPG 100 mg/dL to
125 mg/dL orT
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& Impaired glucose tolerance (IGT): 2-h plasma glucose
(2-h PG) during 75-g, oral glucose tolerance test
(OGTT) 140 mg/dL to 199 mg/dL or

& HbA1c levels ranging from ≥ 5.7%–6.4%

The diagnosis of T2DM should follow the following
criteria [120]:

& FPG ≥ 126 mg/dL or
& FPG ≥ 126 mg/dL and/or 2-h PG ≥ 200 mg/dL using 75-g

OGTT
& Random plasma glucose ≥ 200 mg/dL in the presence of

classical diabetes symptoms

Diagnosis of OSA in patients with T2DM

Eligible patients (determined using questionnaire-based pre-
diction algorithm) should be subjected to overnight monitor-
ing using PSG by trained personnel [109, 121]. The diagnosis

of OSA is to be confirmed if one of the two conditions exist
[122]:

≥15 events of apnea, hypopnea, or
increased respiratory effort
leading to sleep arousals per hour
of sleep in asymptomatic patient,
with >75% of apnea/hypopnea
events being obstructive

≥5 events of apnea, hypopnea, or
increased respiratory effort
leading to sleep arousals per hour
of sleep in patients with signs
and symptoms of disturbed
sleep, with >75% of
apnea/hypopnea events being
obstructive

The AHI cut-offs for diagnosis of OSA measured on the
PSG are as follows [26]:

& Mild OSA: 5 to 15 episodes/h
& Moderate OSA: 15–30 episodes/h
& Severe OSA: ≥ 30 episodes/h

Do not exclude the diagnosis of OSA based on a negative
or indecisive polysomnogram. It is highly recommended to

Pa nts with prediabetes or T2DM

• Risk factor assessment: obesity es, signs and symptoms
of OSA

• Physical examina on: BMI (>22-25 kg/m2), abdominal obesity (>90
cm, men; >80 cm, women),  waist circumference (78 cm, men; 72
cm, women), neck circumference (>16”, men; >17”, women),
craniofacial abnormali s

• Structured ques onnaire: ESS, STOP, STOP-Bang, Berlin and the
Wisconsin Sleep  Ques onnaires

• Overnight in-clinic PSG
• Home based sleep test using portable monitor

o Alterna e to PSG in pa nts with high likelihood of moderate to
severe OSA, has lower cost ons

• Lifes on: weight loss, healthy habits
• CPAP: first-line therapy
• Oral appliances: in pa nts who are intolerant/unable/unwilling to use

CPAP
• P onal therapy: in pa nts with POSA
• Surgical interv ons: first-line in pa nts with anatomical

abnormality requiring correc n

• Overweight individuals experiencing habitual snoring, witnessed
apnea and da me sleepiness should be diagnosed for T2DM

Pa nts with signs and symptoms of OSA

Sc
re

en
in

g
Di

ag
no

sis
Tr

ea
tm

en
t

• Lifestyle management and pharmacotherapy as recommended by the
RSSDI [111]

Preliminary assessment

• Prediabetes
o IFG: FPG 100 mg/dL to 125 mg/dL or
o IGT: 2-h PG during 75-g OGTT: 140 mg/dL to 199 mg/dL or
o HbA1c levels: ≥5.7%–6.4%

• T2DM
o FPG ≥126 mg/dL or
o FPG ≥126 mg/dL and/or 2-h PG ≥200 mg/dL using 75-g OGTT
o RPG ≥200 mg/dL in the presence of classical diabetes symptoms

Fig. 5 Recommendations for screening, diagnosis, and treatment of OSA
in patients with T2DM. AHI, apnea-hypopnea index; BMI, body mass
index; CPAP, Continuous positive airway pressure; ESS, Epworth
Sleepiness Scale; FPG, fasting plasma glucose; IFG, Impaired fasting
glucose IGT, Impaired glucose tolerance OGTT, oral glucose tolerance

test OSA, obstructive sleep apnea; POSA, Positional obstructive sleep
apnea; PSG, polysomnography RPG, random plasma glucose; RSSDI,
Research Society for Study of Diabetes in India; T2DM, type-2 diabetes
mellitus
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repeat PSG especially in high-risk patients with predisposing
variables [123].

As PSG is an expensive, time-consuming test requiring
trained technicians, portable monitoring may be used as
an alternative to diagnose OSA only in patients screened
as highly probable to manifest moderate to severe OSA
[124]. Testing of sleep-disordered breathing using level 3
portable devices may expedite diagnosis and considerably
lower the costs associated with level 1 in-clinic PSG [19].
Level 3 portable devices have demonstrated adequate di-
agnostic performance compared with level 1 sleep tests in
adult patients with moderate to severe OSA and having a
high pretest probability with no unstable comorbidities
[125]. Home-based cardiorespiratory sleep tests or cardio-
pulmonary may also be an acceptable approach for initial
screening of patients with a suspicion of OSA, especially
children or morbidly obese individuals [126, 127]. If the
portable or home-based test is negative or inclusive, PSG
should be performed for confirmatory diagnosis. Portable
or home-based testing is discouraged in patients with co-
morbid neuromuscular diseases, moderate to severe pul-
monary diseases, congestive heart failure, movement dis-
orders, severe insomnia, history of stroke, sleep seizures,
etc. [109, 121].

Patients diagnosed with OSA and recommended CPAP
should be brought back to the sleep clinic for follow-up
PSG to enable titration of CPAP pressure. If clinically
suitable, a split-night protocol may be followed: part 1-
diagnosis of OSA with at least 2 h of recorded sleep; part
2—titration of CPAP. This is recommended in high-risk
patients with ≥ 20 events/h or ≥ 40 events/h in low-risk
patients in part 1. The split-night protocol is a cost-
effective approach that facilitates timely delivery of treat-
ment [109].

Recommendations for treatment of OSA
in prediabetes and T2DM

The treatment options for OSA in patients with T2DM who
are at CVD risk include lifestyle modification, pharmacother-
apy, and medical management, which include devices such as
positioning therapy, CPAP therapy or dental appliances, and
surgical interventions [128].

Lifestyle modification

& Weight loss: Weight loss achieved from either dietary or
surgical procedures are shown to be associated with im-
provement in OSA severity [129, 130].

– Weight loss is considered as the primary treatment strat-
egy for OSA in individuals who are overweight or obese

and therefore, should be recommended in addition to oth-
er therapies

Exercise and a healthy diet should be adopted for weight
control.
Bariatric surgery is another major option for patients in
which weight loss through diet and exercise has failed.

& Healthy habits: [128]

– Alcohol and smoking cessation should be promoted to
minimize further risk.

– Avoid medications that could aggravate sleep apnea, such
as central nervous system depressants (i.e., opiates and
benzodiazepines).

Pharmacotherapy

Role of pharmacotherapy in the management of OSA is lim-
ited [131].

& Currently, there are no widely effective pharmacother-
apies to recommend for patients with OSA. However,
treatment of chronic or seasonal nasal congestion could
be improved with an appropriate regimen of antihista-
mines, decongestants, nasal steroids, and/or saline
irrigation.

Medical management

Positional therapy
In this therapy, patients are maintained in a non-supine
position during sleep using a positioning device, as it is
associated with a higher reduction in upper airway di-
mension. It was found that over half of all patients with
an AHI >5 events/h have a positional component to
their OSA [132].

& Positional therapy can be used as a supplemental to pri-
mary therapy.

Continuous positive airway pressure

There are conflicting results on the effect of CPAP on
the glucose metabolism in people with prediabetes and
T2DM (Table 1), owing to small sample size and lack
of control subjects. However, CPAP is considered as a
gold standard and first line of therapy due to its
favorable effects on sleep quality and quantity and
subsequent prevention of T2DM and CVDs. Literature
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evidence shows that patients with OSA who are highly
adherent to CPAP therapy may have a greater likelihood
of deriving metabolic benefit and lower risk of all-cause
mortality due to CVDs [133, 134]. Moreover, the CPAP
treatment has beneficial effects on quality of sleep that
improves the fatigue and daytime sleepiness and conse-
quently reduces vehicle accidents and work impairment
[135].

& CPAP should be considered as a first-line of therapy.

Oral appliances

Oral appliances, such as tongue-retaining and mandibular ad-
vancement devices, works by mechanically enlarging the up-
per airway tract; however, these are less efficacious than
CPAP therapy [66, 136].

& Oral appliances are recommended for the treatment of
OSA in patients who are intolerant to or unable or unwill-
ing to use CPAP therapy.

Surgical interventions

Surgery is performed to unblock the obstruction in the upper
airway using different surgical procedures depending on the
anatomic level at which obstruction occurs (nasal, upper pha-
ryngeal, lower pharyngeal, or global upper airway) [128].
Inherent to any other surgical procedures these are limited
by pre and post-operative complications [128].

& Surgery should be considered as a second-line of therapy
for patients with OSA who are intolerant or experience a
poor response to or CPAP therapy. However, it is consid-
ered as a first-line of therapy in pediatric patients and in
those with significant anatomical abnormality requiring
correction [137].

Recommendations of patient care

There is an evident need for healthcare professionals to be
conscious, educated, and well-trained in the area of OSA
and T2DM.

These clinical recommendations endorse IDF consensus
guidelines on OSA in patients with T2DM and recommend
the following:

& Healthcare professionals working on both T2DM and
OSA should adopt adequate clinical practices to ensure

that individual presenting with one clinical condition is
considered for treatment of the other.

& Healthcare professionals should aim to develop routine
interventions that are appropriate for both T2DM and
OSA.

Sleep services

& Individuals with OSA must be routinely screened for
markers of metabolic abnormalities and cardiovascular
risk factors

– At least waist circumference, blood pressure, fasting
lipids, fasting glucose should be included as a part of
the screening process.

Diabetes services

& The possibility of OSA should be considered in the assess-
ment of all individuals with T2DM and metabolic
syndrome.

– All individuals with T2DM should be assessed for symp-
toms of OSA: snoring, apnea during sleep, and daytime
sleepiness.

& Individuals with T2DM should be referred to a specialist
at an early stage so as to diagnose and subsequent therapy
owing to confirmed benefits on hypertension and quality
of life.

– Management of OSA should focus primarily on weight
reduction in overweight and obese people.

– CPAP is the current best treatment for moderate to severe
OSA and should be considered where appropriate.

– Recommend cessation of smoking and alcohol intake.
– Recommend oral appliances or surgery where

appropriate.

Recommendations for promotion of research

Further research is warranted, owing to the direct impact of OSA
in T2DM on the individual’s life and its economic burden on
both individuals as well as society, in the following areas:

& Epidemiological studies

– All data in patients with T2DM are limited with
cross-sectional studies; hence, long-term nationwide
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prevalence studies of OSA in adults with T2DM are
warranted.

Studies in children with obesity, different ethnic groups,
and adults with gestational diabetes and pre-eclampsia
are of more interest.

& Mechanistic studies
It is recommended that all healthcare professionals who
are involved in T2DM or OSAmust be educated about the
links between the two conditions and trained appropriately
for patient care.

– Further studies are required to better understand the bio-
logical links between OSA and T2DM, and to improve
treatment and patient care, in the following areas.

& Effect of OSA on insulin secretion, IR, mitochondrial
function, and inflammatory markers

& Newer and better biomarkers
& Incidence and severity of micro- and macrovascular

complications of T2DM in patients with OSA
& Bidirectional link between T2DM and OSA

& Intervention studies

– Large randomized controlled trials of CPAP and other
therapies in people with T2DM particularly prediabetes
with special emphasis on CVD risk factors and outcomes
and glycemic control are required.

& Additional outcomes should also include oxidative
stress, inflammation markers, and lipid metabolism.

– Studies on the weight loss interventions including the use
of anti-obesity agents in people with OSA and T2DM
should be investigated.

– Studies on combination therapies are also warranted.
– Therapies for OSA that are easier to use and cheaper than

CPAP could be evaluated.

& Economic analysis studies: Studies evaluating the eco-
nomic impact of OSA in patients with T2DM are warrant-
ed in terms of:

– Cost-effectiveness of OSA screening in T2DM-related
outcomes.

– Cost-effectiveness of OSA treatment with CPAP on
T2DM-related outcomes.

& Resource development
Although PSG is the gold standard in the diagnosis of
OSA, these studies are frequently limited by high costs
and available resources such as hospital beds, waiting

times, unwilling to stay overnight in the hospital for diag-
nosis, and labor requirements. In resource-limiting coun-
tries like India:

– A reliable but inexpensive diagnostic technique for OSA
is needed in primary care settings.

– A precise and easy to handle clinical screening tools (i.e.,
home monitoring devices) are required to better diagnose
and predict the severity of OSA, and for better risk strat-
ification and to facilitate the efficiency of patient
management.
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