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Normal and elevated HbA1C levels correlate with severity
of hypoxemia in patients with obstructive sleep apnea
and decrease following CPAP treatment
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Abstract
Purpose Sleep apnea is associated with higher HbA1C
levels in patients with and without diabetes but whether its
severity correlates with HbA1C levels ranging from normal
to abnormal is less clear. Also, the effect of continuous
positive airway pressure (CPAP) treatment on HbA1C
levels in patients with sleep apnea is controversial.
Methods Thirty consecutive patients with obstructive sleep
apnea were studied. None of the patients was previously
diagnosed with diabetes. All patients underwent overnight
polysomnography and HbA1C levels were determined.
Patients were subdivided into three groups according to their
HbA1C levels: <6% (n=10), 6–6.5% (n=10), and ≥6.5% (n=

10). Polysomnography and determination of HbA1C level
were repeated in patients with severe sleep apnea (n=12)
following 3–5 months of CPAP treatment.
Results HbA1C levels across the spectrum from normal to
abnormal correlated with severity of hypoxemia (average
SpO2, r=−0.43, p=0.019 and percent time with SpO2<
90%, r=0.48, p=0.007). HbA1C levels decreased from a
mean of 6.47±0.67% to a mean of 6.28±0.51%, p=0.038
in 12 patients with severe sleep apnea following 3–5 months
of CPAP treatment.
Conclusions The severity of hypoxemia in patients with
sleep apnea correlates with HbA1C levels ranging from
normal to pre-diabetes and diabetes. CPAP treatment for 3–
5 months decreases HbA1C levels in patients with severe
sleep apnea.
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Introduction

Obstructive sleep apnea (OSA) is a state characterized by
repetitive episodes of upper airway obstruction during
sleep. It is accompanied by frequent arousals and repeated
drops in oxygen saturation. OSA has been reported in
recent years as part of the metabolic syndrome and is
associated with obesity, dyslipidemia, and hypertension [1,
2].

Several studies have shown that OSA correlates with
glucose intolerance and type 2 diabetes mellitus [3–5]. For
example, it was demonstrated, using an oral glucose
tolerance test, that the degree of OSA and the severity of
hypoxemia are associated with glucose intolerance and
increased risk of diabetes independent of BMI [6, 7]. It was
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also found that the strongest parameter associated with
impaired glucose tolerance in patients with OSA is the time
spent at an oxygen saturation of <90% [8]. HbA1C levels
were recently found to be similarly associated with a risk of
diabetes and more strongly associated with a risk of
cardiovascular disease or death of any cause compared to
glucose intolerance [9]. This increased risk is evident at
HbA1C levels equal to or greater than 6% and increases
with levels equal to or greater than 6.5%. It is therefore of
interest to examine the association between glycated
hemoglobin and OSA. Several investigators found a
correlation between OSA severity and HbA1C levels in
patients with and without diabetes [10–13]. However,
whether OSA correlates with HbA1C at levels ranging
from normal to those posing increased risk of diabetes and
cardiovascular disease is unknown. Our goal was to
examine the correlation between OSA severity and a
continuum of HbA1C levels. Therefore, we focused on
patients without a previous diagnosis of diabetes whose
HbA1C levels ranged from normal to abnormal.

Continuous positive airway pressure (CPAP) is the
treatment of choice for most patients with sleep apnea but
its effect on glucose metabolism in patients with OSA is
controversial. While some authors have found that 3 months
of CPAP has a beneficial effect on glucose levels measured
continuously in diabetic patients and on HbA1C in a subset
of these patients, others could not demonstrate a similar
effect [14, 15]. A recent study did not find improvement in
glucose metabolism after 6 weeks of CPAP in nondiabetic
patients [16]. These conflicting results may be due to the
fact that multiple factors other than sleep apnea can affect
HbA1C levels and raise the question whether CPAP could
improve glucose control in a subset of patients with OSA.
In the current study, we examined the effect of 3–5 months
of CPAP on HbA1C levels in patients with severe OSA. We
speculated that in patients with a more severe disease, the
effect of sleep apnea on HbA1C levels would be maximal,
and therefore, the effect of CPAP would be substantial.

Methods

Patients

In a prospective cohort study, consecutive patients diag-
nosed with obstructive sleep apnea at Assaf Harofeh
Medical Center’s Sleep Laboratory during the years 2005–
2007 were identified. Patients were included based on age
(30–60 years old) and the presence of obstructive sleep
apnea (apnea–hypopnea index >5/h). This study is part of a
larger scale study examining the metabolic effects of sleep
apnea. Overall, 47 patients entered the study. Fifteen
patients with previously diagnosed diabetes or treated with

hypoglycemic medications were excluded. Two additional
patients were excluded because of difficulties in drawing
blood. The remaining 30 patients were analyzed. Informed
consent was obtained from each patient included in the
study and the study protocol was approved by the
institution's human research committee. The study was
registered as a clinical trial NCT00730873 at “clinicaltrials.
gov”.

Study protocol

All patients underwent a standard in-laboratory, overnight
polysomnography, using a computerized polysomnography
system (Embla; Flaga Medical; Reykjavik, Iceland), with
the following channels: electroencephalography (C3-A2
and O2-A1), electrooculogram (right and left), chin
electromyogram, arterial oxygen saturation, nasal pressure,
electrocardiogram, chest and abdominal wall motion,
bilateral tibialis electromyogram, and body position. The
polysomnography recordings were scored manually for
REM sleep stages, non-REM stages (stages 1, 2, 3, and 4),
and for respiratory events (apnea/hypopnea), according to the
American Academy of Sleep Medicine criteria [17–19].
Hypopnea was defined as a 10-s airflow reduction >50%
of baseline or a reduction >30% with ≥4% oxygen
desaturation. Scoring was performed by a single blinded
experienced scorer. Following polysomnograhy, routine
laboratory tests were performed. Patients with severe sleep
apnea (apnea–hypopnea index (AHI) ≥30) were treated with
CPAP. Auto-titration was performed during overnight poly-
somnography using a portable system (Autotest, ResMed,
Sydney, Australia). Optimal pressure was determined by
analyzing the pressure that included 90% of the events with a
leak lower than 0.4 l/s. CPAP usage time was electronically
downloaded to assess adherence to treatment (defined as the
average of at least 4 h of CPAP per night during the study
period). After 3–5 months, these patients underwent repeated
evaluation. The analysis of HbA1C levels both at baseline
and following CPAP treatment was performed at the end of
the study. Patients were divided, based on their baseline
HbA1C levels, into three groups: nondiabetic (n=10) with
HbA1C <6%, pre-diabetic (n=10) with HbA1C level
between 6.0% and 6.5%, and undiagnosed diabetic patients
(n=10) with HbA1C levels equal to or greater than 6.5%.

Statistical analysis

Analyses were performed using SPSS 16.0 for Windows.
Fisher's exact test was used to analyze the relationship
between categorical variables, and the unpaired Student’s t
test was used to analyze the relationship between continuous
variables. Pearson’s correlation coefficient was used to
analyze the correlation between continuous variables. Values
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are expressed as means ± standard deviation unless otherwise
stated. A p value<0.05 was considered significant.

Results

Elevated HbA1C levels are commonly found in patients
with OSA

None of the 30 patients consecutively recruited to the study
was previously diagnosed as a pre-diabetic or diabetic
patient. Nevertheless, only a third of these patients had
HbA1C levels at the normal range, i.e., less than 6%, and
the other two thirds had abnormal HbA1C levels posing
increased risk for diabetes or cardiovascular disease and
death. Of these, 10 had levels between 6% and 6.5% and 10
patients had levels equal to or greater than 6.5%. There
were no significant differences in BMI or in biochemical
parameters between the three groups (Table 1). Severe sleep
apnea was found in 80% of the patients with HbA1C levels
greater than 6.5% compared to 50% and 60% in patients
with HbA1C <6% and those with HbA1C levels between
6% and 6.5%, respectively, but differences in OSA severity
between the three groups were not statistically significant.
There was a trend towards worse indices of hypoxemia
with increasing levels of HbA1C but statistical significance
was not met.

Hypoxemia correlates with HbA1C levels ranging
from normal to abnormal in patients with sleep apnea

We next used Pearson’s correlation to examine whether an
association could be found between OSA severity and the
continuum of HbA1C levels from normal to abnormal. A

significant correlation was found between parameters of
hypoxemia, specifically the average SpO2 (r=0.65, p=
0.019) and the time spent with oxygen saturation <90% (r=
0.69, p=0.007), and HbA1C levels (Fig. 1a, c). Because
each of the two parameters, average SpO2 and time spent
with SpO2<90% is predicted by the other (they have
collinearity), no significant correlations are found on
multiple regression analysis, although the time spent with
SpO2<90% seems to be the important one (p=0.12)
compared to the average SpO2 (p=0.36) in predicting
HbA1C levels. Two additional parameters of hypoxemia,
namely, the lowest SpO2 reached during hypoxic episodes
(p=0.075) and the average drop in SpO2 during a desatura-
tion event (p=0.068), showed similar trends in correlation to
HbA1C levels but did not reach statistical significance
(Fig. 1b, d). In contrast, HbA1C levels were not found to
be in correlation with age (p=0.19), BMI (p=0.26), or lipid
profile—triglycerides (p=0.54) and cholesterol (p=0.41).

CPAP improves HbA1C levels in patients with severe OSA

The effect of CPAP on HbA1C levels in patients with
severe sleep apnea was then evaluated. Of the 30 patients
included in the study, 19 had severe sleep apnea (AHI≥30).
These patients were followed for 3–5 months following the
administration of CPAP. Five patients did not return for
follow-up, and two patients who were followed were not
compliant with CPAP and were therefore excluded. The
remaining 12 patients were compliant with at least 4 h of
CPAP per night. Three patients had normal HbA1C levels at
the beginning of the study, three patients had levels between
6% and 6.5%, and six patients had HbA1C levels equal to or
greater than 6.5%. When examined 3–5 months following the
administration of CPAP, nine patients had lower HbA1C

Table 1 Comparison of patients based on HbA1C levels

Parameter HbA1C<6 (n=10) 6≤HbA1C<6.5 (n=10) HbA1C≥6.5 (n=10) p value

Demographic Age 53.7±6.3 54.5±8.5 52.1±9.7 0.8

Male gender 9 (90%) 9 (90%) 9 (90%) 1.0

BMI 31.5±5.0 32.5±4.9 34.8±5.0 0.32

Biochemical HbA1C% 5.7±1.7 6.1±0.1 6.9±0.4 <0.001

Triglycerides 165.9±116.1 158.5±60.4 178.1±65.5 0.87

Cholesterol 195.5±38.1 157.3±32.7 178.5±31.2 0.06

Sleep-related OSA severity Mild 1 (10%) 2 (20%) 2 (20%) 0.39
Moderate 3 (30%) 3 (30%) 0

Severe 6 (60%) 5 (50%) 8 (80%)

AHI 43.1±23.6 44.6±30.9 57.3±25.7 0.45

Average SpO2% 92.8±2.5 92.0±3.0 89.8±4.1 0.14

Lowest SpO2% 69.2±12.4 72.3±12.0 61.1±8.9 0.09

SpO2<90% (% time) 15.7±14.4 19.2±20.0 38.6±29.2 0.06

Average desaturation % 8.3±2.7 8.0±4.0 11.0±2.9 0.09
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levels, one patient (with a baseline HbA1C level of 6.1%) had
an unchanged HbA1C level, and two patients had higher
HbA1C levels compared to baseline (5.6% and 6.2% at
baseline vs. 5.8% and 6.4%, respectively, at the end of the
study). Average HbA1C levels of the entire group declined
from a mean of 6.47±0.67% to a mean of 6.28±0.51% (p=
0.038) (Fig. 2). During the same time, there was no
significant change in the patients’ lipid profile or their BMI
(data not shown).

Discussion

In the present study, we demonstrate that hypoxemia in
patients with sleep apnea correlates with HbA1C levels
ranging from normal to pre-diabetic and diabetic range. A
significant reduction in HbA1C levels was found in patients
with severe sleep apnea who were compliant with 3–
5 months of CPAP.

We found that two major parameters of hypoxemia,
namely, the average SpO2 and the percent time spent with
SpO2<90%, were significantly associated with HbA1C
levels in the entire group of patients. Data derived from
animal models indicate that a correlation exists between
parameters of hypoxemia and glucose intolerance [20, 21].
Clinical studies have shown that the prevalence of diabetes
is markedly higher in patients with sleep apnea compared to
controls [4, 5] and that sleep apnea is independently
associated with insulin resistance in patients without known
diabetes [22, 23]. However, only a few studies examined
the association between sleep apnea and HbA1C levels.
HbA1C levels in patients with type 2 diabetes were found
to be associated with sleep apnea severity and with indices
of hypoxemia [12, 13]. In patients without diabetes,
increased HbA1C levels were associated with higher AHI.
However, HbA1C levels were below 6% in all patients,
even in those with more severe sleep apnea. In addition, a
simplified rather than a full polysomnography was used in
this study to determine OSA severity [10]. Another study

Fig. 1 Hypoxemia correlates with HbA1C levels in patients with
OSA. Patients underwent overnight polysomnography and HbA1C
levels were measured. Pearson correlation coefficient was used to

determine the correlation between the average SpO2 (a), lowest SpO2

(b), percent time with SpO2<90% (c), and average desaturation % (d)
and between HbA1C levels

Fig. 2 HbA1C levels improve significantly in patients with severe
OSA following 3–5 months of CPAP. HbA1C levels were measured in
patients with severe OSA (AHI≥30) who were compliant (≥4 h of
CPAP per night) with 3–5 months of CPAP. A paired Student’s t test
was used to compare the change in HbA1C levels before and after
treatment
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that demonstrated a correlation between HbA1C levels and
the severity of sleep-disordered breathing included males
only and excluded patients with HbA1C >6.5% [11]. We
extend these observations as we examined patients across a
continuum of HbA1C levels. We demonstrate that HbA1C
levels ranging from 5.6% to 8.1% correlate with the degree
of hypoxemia. These findings are of particular importance
as HbA1C levels ≥6%, and to a greater degree ≥6.5%, were
recently shown to be similarly associated with a risk of
diabetes and to be better predictors of cardiovascular
disease and death in nondiabetic adults compared with
fasting glucose [9].

We found that more than two thirds of the patients in our
study, who were not previously diagnosed as pre-diabetic or
diabetic, had HbA1C levels ≥6% and a third had levels ≥6.5%.
These findings match descriptions elsewhere. In one study
that examined glucose intolerance using a 2-h OGTT, type 2
diabetes was diagnosed in 30.1% and impaired glucose
tolerance in an additional 20% of 595 men with sleep apnea
that were not previously diagnosed with diabetes [23]. In
another study, in 24 patients with OSA and without diabetes,
79.2% were found to have glucose intolerance and 25% had
diabetes [24]. Our findings extend these observations by
demonstrating poor glycemic control over time in patients
with OSA.

In addition, we demonstrate that adherence to 3–
5 months of CPAP significantly reduces HbA1C levels in
patients with severe OSA. CPAP is the treatment of choice
for most patients with obstructive sleep apnea, but the effect
of CPAP therapy on insulin resistance and on the levels of
glycated hemoglobin in patients with OSA is controversial.
West et al. have demonstrated no significant improvement
in glycemic control and in insulin resistance in diabetic
patients with OSA following 3 months of CPAP [14]. In
contrast, Steiropoulos et al. were able to show a significant
decline in HbA1C levels in sleep apnea patients without
known diabetes following 6 months with CPAP [25]. Our
study group is different from the above in that it contains
patients with abnormal baseline HbA1C levels and severe
OSA but without a previous diagnosis of diabetes. It could
be that HbA1C levels are affected by CPAP only in a
subgroup of patients with severe sleep apnea, and this may
account for the contradictory findings in different studies.
Furthermore, the improvement in HbA1C levels in these
patients suggests that CPAP may be a valuable treatment
modality equivalent to lifestyle changes or addition of
metformin which are usually indicated in these circumstances
[26].

This study has several limitations. We used a single night
of PSG to determine sleep apnea severity. As there may be
night-to-night variability, this may affect our results [27].
There is no reason to assume, however, that this effect
would be in a direction not in favor of our results. In

addition, as the study was performed from 2005 to 2007,
patients were diagnosed by the AASM 1999 criteria. Due to
difficulties in blinding the studies once they were open to
the scorers, we did not score them again based on the
AASM 2007 criteria. Regardless, the new scoring system
would not have changed parameters of hypoxemia and
therefore would not have altered the main findings of the
study, namely, the association between hypoxemia and
HbA1C levels.

In summary, in this study, we demonstrate that in
patients with OSA, hypoxemia correlates with HbA1C
levels across a continuum ranging from normal to levels
posing increased risk for diabetes, cardiovascular disease,
and death. Elevated HbA1C levels, in patients with severe
OSA, improve following 3–5 months of treatment in those
who are compliant with CPAP. Future studies will deter-
mine the efficacy of this treatment modality in improving
long-term glucose control in these patients.
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