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Abstract
Background: Nocturnal hypoxia occurring in obstructive sleep apnea (OSA) is associated with different metabolic
disturbances. The present study aims to correlate between nocturnal oxygen desaturation and levels of glycemic
control in patients with type 2 diabetes mellitus (T2DM) and undiagnosed OSA.
Results: The present study included 107 patients with T2DM referred for assessment of sleep-related breathing
disorder, there were 62 males (57.94%) and 45 females (42.05%), and their age ranged from 42 to 72 years with an
average age of 61.29 ± 6.68 years. The patients were divided into 2 groups according to the results of overnight
pulse oximetry (OPO) and apnea-hypopnea index (AHI) detected by polysomnography. Group 1 included 68
patients, they had moderate to severe OSA and significant nocturnal desaturation, and group 2 included 39
patients with no or mild OSA. The baseline characteristics of the two groups were not significantly different. Group
1 patients showed significantly higher mean Epworth score and more symptoms related to OSA. There was
statistically significant difference between the values of ODI (24.88 ± 9.21 versus 8.94 ± 2.38), AHI (27.10 ± 7.68
versus 9.02 ± 3.90), and hemoglobin A1c levels (8.04 ± 0.64 versus 6.79 ± 0.38) between the two groups. A positive
correlation was found between nocturnal oxygen desaturation and levels of HbA1c in group 1 patients reflecting
worse glycemic control in patients with moderate to severe OSA.
Conclusion: Nocturnal oxygen desaturation occurring in obstructive sleep apnea is associated with poor glycemic
control in patients with type 2 diabetes mellitus.
Trial registration: ClinicalTrials.gov, Protocol ID: OPO10-18. Trial registry number: NCT04711083. Date of registration:
14 January 2021, retrospectively registered.
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Background
Obstructive sleep apnea (OSA) is a prevalent illness with a
heterogeneous clinical presentation ranging from mild
symptoms to severe limitations in the quality of life. This
clinical variability may be related to its potential association
with major concomitant diseases including diabetes mellitus and a variety of cardiovascular diseases [1].
Obstructive sleep apnea is identified as an important
risk factor for many comorbid disorders, leading to resistance to conventional therapies and increase in the
risk of mortality [2, 3].
Nocturnal hypoxia has also been suggested to be associated with the development of worsened glycemic control in individuals with T2DM. In support of an
association between apnea and glycemic control, a recent pilot study found that the combination of different
respiratory events and nocturnal awakenings could predict variability of fasting blood glucose in T2DM patients [4].
Moreover, T2DM individuals with OSA have been
shown to exhibit peaks in circulating glucose levels temporarily following oxygen desaturation. Taken together,
these studies demonstrate that OSA, and in particular
nocturnal hypoxemia, likely leads to elevated glucose
levels [4–6].
Polysomnography is the gold standard test for the
diagnosis of sleep-related breathing disorders, yet, it is
an expensive test with considerable waiting lists and is
not available at all care levels. In this respect, overnight
pulse oximetry (OPO) was proposed as a simple technique for determining peripheral oxygen saturation
(SpO2) during sleep [7].
During a routine OPO, one can get an idea about the
mean overnight SpO2 and lowest SpO2 during the entire night recording. In general healthy controls, the normal overnight mean oxygen saturation is 96%. A
decreased value points to an underlying cardiopulmonary problem [8].
The use of OPO has emerged substantially as a costeffective tool to screen for OSA [9].
The present study aims to correlate between nocturnal
oxygen saturation levels and levels of glycemic control in
T2DM patients with undiagnosed obstructive sleep
apnea.

Methods
This study is conducted on patients with T2DM referred
to pulmonary clinic for assessment of sleep-related
breathing disorders in Mouwasat Hospital in Riyadh,
Saudi Arabia, in the period between April 2018 and February 2020.
Written informed consent was collected from all patients. The study was approved by the ethical committee
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of the hospital and registered in ClinicalTrials.gov
(NCT04711083).

Inclusion criteria

Inclusion criteria include patients ≥ 18 years diagnosed
with T2DM and referred to the respiratory clinic for assessment of sleep-related breathing disorder.

Exclusion criteria

Exclusion criteria include patients < 18 years old, those
receiving treatment for sleep-disordered breathing
(SDB), patients with unstable cardiopulmonary or neurological diseases, and patients who refused to sign the
consent.
All patients will be subjected to the following:
 Complete medical history.
 Demographics, measurements of weight, height,






body mass index (BMI) in kg/m2, and neck
circumference (NC) in cm.
Epworth Sleepiness Scale (ESS).
Measurements of overnight pulse oximetry (OPO).
Hemoglobin A1c (HbA1c) 1 day before OPO.
Full night polysomnography study.

Overnight pulse oximetry

Wrist-worn overnight oximetry was performed using
portable Nonin 2500 (Nonin Medical Inc., USA) pulse
oximeters with built-in data memory. Overnight recordings were downloaded via cable with nVision data management software (Nonin Medical Inc.). Graphical and
tabulated automated oximetry trend reports were generated for each study [9].
The test was explained to the patients and their caregiver by experienced healthcare staff from the sleep unit.
The recording was done at home and started just before
going to bed and ended on awakening; the recommended duration was a minimum of 5 h. The following
day, the caregiver sent the pulse oximeter to the sleep
unit for automatic and manual analysis by the medical
staff. The test was valid if at least 4 h of sleep had been
recorded without artifacts in the SpO2 signal.
Analysis of the recorded data in order to calculate the
overnight minimum SpO2, mean SpO2, dip frequency
(defined as a fall in SpO2 of > 4%), the percentage of oximetry sleep time spent with a SpO2 of < 90%, and the
total oximetry time. Based on the oxygen desaturation
index values, recordings were classified as “normal” (<
4.9 desaturation events/hour), “equivocal” (5 to 14.9 desaturation events/hour), or “abnormal” (≥ 15 desaturation events/hour) [10].
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Table 2 Clinical presentation of the study population

Polysomnography

Full night diagnostic polysomnography is done using
Alice 6 Diagnostic Sleep system (Philips Respironics
Inc., Murrysville, PA, USA). The study was attended by
a sleep technician and included electroencephalogram
with two frontal derivations, two central derivations and
two occipital derivations, right and left eye derivations,
nasal pressure, nasal-oral airflow (thermal device), snore
sensor, respiratory effort (abdominal and thoracic effort),
oxygen saturation with pulse oximetry, submental electromyogram (EMG), and right and left anterior tibialis
EMG. Manual interpretation and scoring of the results
according to the American Academy of Sleep Medicine
Manual for the scoring of sleep events defining apnea
events as the cessation of airflow by ≥ 90% for at least
10 s and hypopnea events as a reduction in airflow by ≥
30% for at least 10 s and oxygen desaturation of ≥ 4%.
Apnea-hypopnea index (AHI) was calculated as the total
number of apneas (central, mixed, or obstructive) and
hypopneas per hour of sleep. Arousal index (AI) was the
total number of arousals per hour of sleep [11]. Based
on the values of apnea-hypopnea index (AHI), we applied the diagnostic criteria of OSA according to the
Third edition of the International Classification of Sleep
Disorders and then categorized into normal (AHI < 5),
mild (AHI 5–15), moderate (AHI 15–30), and severe
(AHI > 30) [12].
Statistical analysis

Quantitative data were represented as mean (±SD), and
Qualitative data were represented as number and percentage. Data entry and statistical analysis were

Total patients (n = 107) Group1 (n = 68) Group 2 (n = 39)
Snoring, n (%)
Yes 77 (71.96%)

58 (85.29%)

11 (28.20%)

No

10 (14.70%)

28 (71.79%)

30 (28.03%)

Daytime sleepiness, n (%)
Yes 69 (64.48%)

61 (89.70%)

8 (20.51%)

No

7 (10.29%)

31 (79.48%)

Yes 75 (70.09%)

60 (88.23%)

15 (38.46%)

No

8 (11.76%)

24 (61.53%)

38 (35.51%)

Nocturia, n (%)
32 (29.90%)

Witnessed apneas, n (%)
Yes 52 (48.59%)

44 (64.70%)

8 (20.51%)

No

24 (35.29%)

31 (79.48%)

Yes 80 (74.76%)

64 (94.11%)

16 (41.02%)

No

4 (5.88%)

23 (58.97%)

55 (51.40%)

Morning Headache, n (%)
27 (25.23%)

performed using (SPSS for Windows, version 20.0; SPSS
Inc., Chicago, IL, USA).

Results
The present study included 107 patients with T2DM, 62
males (57.94%) and 45 females (42.05%), and their ages
ranged from 42 to 72 years with an average age of 61.29
± 6.68 years (Table 1). The mean body mass index of the
study population was 33.47 ± 3.15 kg/m2 (Table 1). The
mean neck circumference of the patients was 42.14 ±

Table 1 Demographic and baseline characteristics of all study population
Total patients (n = 107)

Group1 (n = 68)

Group 2 (n = 39)

Mean ± SD

61.29 ± 6.68

60.45 ± 6.84

62.76 ± 6.13

Range

42–72

42–72

48–72

Male, n (%)

62 (57.94%)

41 (60.29%)

21 (53.84%)

Female, n (%)

45 (42.05%)

27 (39.70%)

18 (46.15%)

Mean ± SD

33.47 ± 3.15

33.36 ± 3.25

33.65 ± 2.98

Range

25.46–43.50

25.46–43.50

27.99–41.52

Mean ± SD

42.14 ± 4.75

42.07 ± 4.82

42.25 ± 4.62

Range

32–50

32–50

33–50

Mean ± SD

14.70 ± 4.62

17.5 ± 2.47

9.82 ± 3.23

Range

2–21

13–21

2–14

Age (years)

Gender

2

BMI (kg/m )

NC (cm)

ESS*

BMI body mass index, ESS Epworth Sleeping Scale, NC neck circumference, SD standard deviation
*P < 0.00001
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Fig. 1 Clinical presentation of the study population

4.75 cm. Epworth sleeping scale (ESS) showed a mean
score of 14.70 ± 4.62 (Table 1).
Different clinical presentation of the study population
related to SDB is shown in Table 2 and Fig. 1.
Overnight pulse oximetry results of the study population showed a mean ODI (desaturation events/hour) of
19.07 ± 10.71, polysomnography done for all patients
found a mean AHI (events/hour) of 20.51 ± 10.90. Mean
HbA1c of all patients was 7.57 ± 0.83 (Table 3).
According to overnight pulse oximetry and polysomnography results, patients were divided into 2 groups,
those with confirmed moderate to severe obstructive
sleep apnea (AHI > 15) or ODI ≥ 15 desaturation events/
hour (group 1), and those with no or mild obstructive
sleep apnea (AHI ≤ 15), or oxygen desaturation index <
15 desaturation events/hour (group 2).
Group 1 included 68 patients, 41 males (60.29%) and
27 females (39.70%), and their age ranged from 42 to 72
years old, with a mean age of 60.45 ± 6.84 years (Table
1). The mean body mass index of group 1 patients was
33.36 ± 3.25 kg/m2, mean neck circumference was 42.07
± 4.82 cm, and mean Epworth score was 17.5 ± 2.47
(Table 1). The mean duration of diabetes in group 1 patients was 10.80 ± 3.35. The mean HbA1c was 8.04 ±
0.64, ODI detected by OPO in group 1 showed a mean

of 24.88 ± 9.21 (desaturation events/hour), and mean
AHI (events/hour) detected by polysomnography was
27.10 ± 7.68 (Table 3). Positive correlation was found
between AHI values and HbA1c values (R is 0.0282).
Group 2 included 39 patients, 21 males (53.84%)
and 18 females (46.15%), and their age ranged from
48 to 72 years old, with a mean age of 62.76 ± 6.13
years (Table 1). The mean BMI of group 2 patients
was 33.65 ± 2.98 kg/m2, mean NC was 42.25 ± 4,62
cm, mean Epworth score was 9.82 ± 3.23 (Table 1).
The mean duration of diabetes in group 2 patients
was 12.89 ± 3.81. The mean HbA1c was 6.79 ± 0.38,
ODI detected by OPO in group 2 patients showed a
mean of 8.94 ± 2.38 (desaturation events/hour), and
mean AHI (events/hour) detected in polysomnography
was 9.02 ± 3.90 (Table 3).

Discussion
The present study was performed on T2DM patients
who were referred to assess sleep-related breathing disorder, and the results provide evidence that untreated
OSA and nocturnal desaturation are associated with impaired glycemic control in type 2 diabetic patients.
Multiple studies have detected a high prevalence of
OSA in patients with T2DM [13–15]. The relationship

Table 3 Overnight oximetry, polysomnography, and glycemic control results
Total patients (n = 107)

Group1 (n = 68)

Group 2 (n = 39)

P

ODI measured by OPO

19.07 ± 10.71

24.88 ± 9.21

8.94 ± 2.38

< 0.00001

AHI (events/h)

20.51 ± 10.90

27.10 ± 7.68

9.02 ± 3.90

< 0.00001

HbA1c (%)

7.57 ± 0.83

8.04 ± 0.64

6.79 ± 0.38

< 0.00001

AHI apnea-hypopnea index, HbA1c hemoglobin A1c, ODI oxygen desaturation index, OPO overnight pulse oximetry
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between OSA and T2DM may be bidirectional in nature.
The occurrence of repeated intermittent hypoxemia and
sleep fragmentation are characteristic features of OSA,
and these events have been linked to abnormal glucose
metabolism in laboratory-based experiments [16].
Our study population was 107 patients with T2DM, 68
(63.55%) patients (group 1) were found to have moderate
to severe OSA associated with significant oxygen desaturation (≥ 15 desaturation events/hour), and 39 (36.44%)
patients (group 2) had less ODI (< 15 events/hour) and
no or mild OSA with AHI (< 15 events/hour).
In 2017, the American Diabetes Association recognized OSA as an important comorbidity in T2DM, and
the benefits of its management on the quality of life
were well reported in those patients [17].
However, the majority of OSA cases in patients with
T2DM remain undiagnosed [18].
In the present study, there was no significant difference between the results of the two groups as regards
the baseline characteristics. Patients in group 1 were significantly more symptomatic with snoring, morning
headache, witnessed apneas, nocturia, and daytime
sleepiness. The Epworth score was significantly higher in
group 1 patients.
We found a significant difference between the 2
groups as regards HbA1c levels; patients in group 1 with
higher ODI and moderate to severe OSA showed significantly higher levels of HbA1c compared to patients in
group 2 with no or mild OSA and ODI < 15 desaturation
events/hour.
Multiple studies [13, 19–22] have reported an association between obstructive sleep apnea and HbA1c levels
in patients with T2DM. The results of these studies are
in accordance with our findings. Polysomnography or respiratory polygraphy have been used in these studies [13,
19–21] to assess the presence and severity of OSA, while
in the present study, OPO was used to detect oxygen desaturation index and polysomnography was done to confirm and quantify the severity of OSA.
Overnight pulse oximetry has been proposed as an
easy, accessible, cost-effective, and reliable tool for the
screening of OSA [1].
Another study done on 162 patients with T2DM and
OSA showed results different from our results, there
was no independent association between AHI and
HbA1c levels. However, in this study, the adjusted
HbA1c was not compared among the various OSA severity categories [22].
It is a fact that T2DM is more prevalent among
OSA patients compared to those without OSA. A
substantial proportion of patients with T2DM suffer
from undiagnosed OSA. Thus, the role of OSA in the
management of T2DM needs further rigorous assessment [23].
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Conclusion
Nocturnal oxygen desaturation occurring in obstructive
sleep apnea is associated with poor glycemic control in
patients with type 2 diabetes mellitus.
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