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Severity Indices for Obstructive Sleep Apnea Syndrome
Reflecting Glycemic Control or Insulin Resistance
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Abstract:
Objective We aimed to identify obstructive sleep apnea syndrome (OSAS) severity indices reflecting the

anthropometric and metabolic characteristics of patients with OSAS.

Methods A total of 76 patients with OSAS underwent nasal continuous positive airway pressure (nCPAP).

We also investigated the effects of nCPAP on OSAS-associated muscle sympathetic nerve activity (MSNA),

risk for cardiovascular diseases, and insulin secretion and sensitivity.

Results Among the OSAS severity indices, HbA1c was significantly correlated with the apnea-hypopnea in-

dex, whereas HOMA-beta, HOMA-IR, and hepatic insulin resistance were significantly correlated with %

SpO2<90%, independent of age, gender, and body mass index (BMI). Burst incidence of MSNA was inde-

pendently associated with only a 3% oxygen desaturation index. nCPAP therapy significantly lowered the

OSAS severity indices and reduced the burst rate, burst incidence, and heart rate.

Conclusion The OSAS severity indices reflecting apnea/hypopnea are associated with glycemic control,

whereas those reflecting hypoxia, particularly % SpO2<90%, are associated with hepatic insulin resistance in-

dependent of obesity. Both types of OSAS severity indices, especially the 3% oxygen desaturation index (re-

flecting intermittent hypoxia), are independently associated with MSNA, which is dramatically lowered with

the use of nCPAP therapy. These findings may aid in interpreting each OSAS severity index and understand-

ing the pathophysiology of OSAS in clinical settings.

Key words: obstructive sleep apnea syndrome, nasal continuous positive airway pressure, muscle sympathetic

nerve activity
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Introduction

Obstructive sleep apnea syndrome (OSAS) is defined as

repetitive episodes of decreased or total loss of respiratory

airflow during sleep due to collapse of the upper airway

during inspiration and is accompanied by strenuous breath-

ing. In addition, it is associated with changes in glucose and

lipid metabolism, leading to cardiovascular risks. OSAS pa-

tients with high OSAS severity indices have a higher risk of

developing diabetes (1, 2), nonalcoholic fatty liver dis-

ease (3-5), and cardiovascular diseases (6-9) than those with

lower indices. Regarding OSAS and glucose metabolism, it

was reported that increasing OSAS severity is associated

with poor glycemic control (2) and development of type 2

diabetes (10). However, what pathophysiological aspects of

OSAS affect glucose homeostasis, including the secretion

and action of insulin, remain unclear.

In addition, sustained hypoxemia causes a continuous in-

crease in sympathetic nerve activity and blood pressure,

which largely persist following the return to nor-

moxia (7, 9, 11). To assess sympathetic nerve activity, mus-

cle sympathetic nerve activity (MSNA), a direct recording of

efferent sympathetic nerve activity, is still recognized as the
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gold standard method (12, 13). Numerous studies on OSAS

patients have used the apnea-hypopnea index as an OSAS

severity index. Furthermore, various OSAS severity indices

are clinically available and can be classified into two catego-

ries: those reflecting apnea/hypopnea [apnea index, hy-

popnea index, apnea-hypopnea index (AHI), and arousal in-

dex] and those directly reflecting hypoxia (3% oxygen de-

saturation index, and % SpO2<90%). Previous studies have

suggested an inconsistent association of each OSAS severity

index with indices of glucose homeostasis. Makino et al. re-

ported that both the AHI and % SpO2<90% are associated

with higher insulin resistance index HOMA-IR (14). Tanno

et al. reported that a 3% oxygen desaturation index is asso-

ciated with a higher HOMA-IR and lower insulin sensitivity

Matsuda index (15). In contrast, Otake et al. reported that

the AHI is not independently associated with HOMA-

IR (16). However, the pathophysiological features of OSAS

that are uniquely associated with each category of the sever-

ity indices have not yet been comprehensively investigated.

The conventional choice for treating OSAS is nasal con-

tinuous positive airway pressure (nCPAP) (17). Theoreti-

cally, nCPAP ameliorates OSAS-associated pathophysiology;

however, whether or not nCPAP has beneficial effects on in-

sulin secretion, insulin resistance, and glucose and lipid me-

tabolism is debatable (18, 19). Specifically, the pathophysi-

ology of OSAS has not been adequately investigated in

Japanese subjects who are less obese but have more severe

OSAS due to micrognathia than white male sub-

jects (20, 21).

In the present study, we tested our hypothesis that apnea/

hypopnea and hypoxia exert different pathological impacts

on energy metabolism and the sympathetic nervous system.

In addition, we investigated the effects of nCPAP on OSAS-

associated increases in MSNA and energy metabolism.

Materials and Methods

Participants and study design

Between 2005 and 2011, we enrolled a total of 76 pa-

tients with OSAS (63 men and 13 women) who were outpa-

tients at Kanazawa Municipal Hospital (Ishikawa, Japan).

OSAS was diagnosed using overnight polysomnography

(PSG). Patients with >5 central sleep apnea events per hour

who could not undergo nCPAP therapy were excluded from

the study. nCPAP therapy was indicated for subjects with

moderate to severe OSAS, defined as an AHI �20 (events/

hour) with strong subjective symptoms, such as excessive

daytime sleepiness and morning headache (International

Classification of Sleep Disorders-Second Edition).

The study was approved by the ethics committee at Ka-

nazawa Municipal Hospital and was registered with the Uni-

versity Hospital Medical Information Network Clinical Tri-

als Registry (UMIN000017612). Because this was a retro-

spective study, potential participants had the opportunity to

opt out of the research.

Biochemical and anthropometric parameters

Blood samples were collected from all subjects following

an 8-hour fast. The samples were centrifuged, and plasma

and serum samples were stored at -20℃ until future analy-

ses. Glucose was measured using a standard glucose oxidase

method. Low-density lipoprotein (LDL) cholesterol, high-

density lipoprotein (HDL) cholesterol, and triglycerides were

measured enzymatically with a chemical analyzer (AV680;

Beckman Coulter, Tokyo, Japan). Subjects with triglyceride

levels >400 mg/dL were excluded. The Friedewald formula

was used to calculate total cholesterol levels. Fasting serum

levels of insulin were determined using chemiluminescence,

and glycosylated hemoglobin was measured using immuno-

turbidimetry.

Insulin resistance was estimated using the homeostatic

model assessment of insulin resistance (HOMA-IR), which

was calculated as:

[fasting insulin (pmol/L) × fasting glucose (mmol/L)] /

22.5 (22).

The quantitative insulin sensitivity check index (QUICKI),

a measure of insulin sensitivity, was calculated by logarith-

mic transformation using the following formula:

1 / [log fasting insulin (U/mL) + log fasting glucose (mg/

dL)] (23).

The Matsuda index, an index of whole-body (mainly

skeletal muscle) insulin sensitivity, was calculated from oral

glucose tolerance test (OGTT) data using the following for-

mula (24, 25):

Matsuda index = 10,000 / √ (fasting plasma glucose ×

fasting insulin) × (mean glucose × mean insulin during

OGTT).

The hepatic insulin resistance index was defined as the

product of the total area under the curve (AUC) for glucose

and insulin during the first 30 minutes of an OGTT and was

calculated using the following formula:

hepatic insulin resistance = (AUC[glucose] 0-30) × (AUC[insulin]

0-30).

The BMI was calculated as the weight (kg) divided by the

height (m) squared. The waist circumference was measured

at the umbilical level. Body composition was assessed using

a multifrequency bioelectrical impedance analysis with an

X-SCAN PLUS Body Composition Analyzer (Owa Medical,

Fukuoka, Japan), as described previously (26).

PSG measurements

Overnight PSG was performed using multichannel moni-

toring, including neurophysiological variables (electroen-

cephalogram, electrooculogram, and chin electromyogram)

and cardiorespiratory variables (thermistor, chest wall mo-

tion, abdominal wall motion, arterial oxygen saturation, and

electrocardiogram). Continuous recordings were obtained us-

ing a computerized diagnostic system (Alice 3™ or Alice 4

™; Respironics, Pittsburgh, USA). The data were recorded

during the examination from 21:00 to 6:00. PSG measure-

ments were taken before and after nCPAP therapy.
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OSAS severity indices

Apnea was defined as a cessation of airflow for at least

10 seconds, and hypopnea was defined as having a signifi-

cant decline (>50%) in airflow for at least 10 seconds ac-

companied by 3% oxygen desaturation or arousal. The AHI

was determined as the number of apnea and hypopnea epi-

sodes per hour. The arousal index was the total number of

arousals on electroencephalogram per hour of total sleep

time. The 3% oxygen desaturation index was defined as the

number of dips in oxygen saturation (SpO2) �3% per hour

of total sleep time. In addition, we recorded PSG parame-

ters, and the lowest O2 saturation (minimum SpO2) and per-

centage of sleep time with SpO2<90% (% SpO2<90%) were

also recorded.

MSNA measurements

MSNA recordings were taken of patients who had been

diagnosed with OSAS after undergoing PSG. Patients with

significant neuropathy were excluded from the MSNA meas-

urements. All data were collected in the morning (9:00-12:

00). All participants abstained from alcohol and caffeine for

24 hours and were tested after fasting for at least 12 hours.

Postganglionic MSNA was measured at the right peroneal

nerve at the fibular head using a high-impedance (10 MΩ)

tungsten microelectrode. As previously described (27-30),

the common peroneal nerve was detected by palpation and

electrical stimulation of the skin surface. A tungsten micro-

electrode was inserted percutaneously into a motor fascicle

of the peroneal nerve and adjusted until spontaneous pulse-

synchronous, multi-unit bursts of sympathetic nervous activ-

ity could be validated. Multi-unit MSNAs were recorded si-

multaneously from the same microelectrode. Data were ac-

quired over at least 1 minute after a 2-min stabilization pe-

riod.

The electrodes were connected to a preamplifier at a gain

of 1,000 and to an amplifier at a gain of 70. The signal was

fed through a band-pass filter (500-3,000 Hz) and a

resistance-capacitance integrated circuit with a time constant

of 0.1 seconds in order to produce a mean voltage neuro-

gram on a Power Lab recoding system (Model 8/30; ADI

Instruments, Bella Vista, Australia). The raw nerve signal

was acquired at 12 kHz; other signals were obtained at

1,000 Hz. Experienced investigators identified multi-unit

MSNA peaks in the integrated nerve recording based on

their relationship with cardiac activity in a blinded fashion.

Multi-unit MSNA was expressed as the number of bursts per

minute (burst rate) and the number of bursts per 100 heart-

beats (burst incidence). The amplified and filtered nerve ac-

tivity was full-wave rectified and passed through a

resistance-capacitance integrated circuit with a time constant

of 0.1 seconds and connected to an audio speaker in order

to produce a mean voltage neurogram for analyzing multi-

unit MSNA. Multi-unit integrated nerve activity was digit-

ized at a sampling rate of 1,000 Hz. Both the raw nerve sig-

nals and the mean voltage neurogram were displayed on a

personal computer (CF-F10: Panasonic, Osaka, Japan).

Statistical analyses

Normally, distributed data are presented as means±stan-

dard deviations, and the differences between the two groups

were analyzed using Student’s t-test; the paired t-test was

used for paired samples. Irregularly distributed data were

presented as medians and ranges, and the differences be-

tween groups were assessed using the Mann-Whitney U test.

Relationships were determined using regression analyses,

and a P value <0.05 was considered statistically significant.

Multivariate logistic regression analyses (forced entry

method) were performed using MSNA and metabolic pa-

rameters as explanatory factors and OSAS severity indices

as dependent variables. All of the explanatory variables were

tested for collinearity, and only those that could be con-

firmed to have no collinearity by the values of variance in-

flation factor (VIF) and tolerance were used as independent

explanatory variables in the multivariate logistic regression

analyses. All statistical analyses were performed using SPSS

software, version 16.0 (IBM, Armonk, USA).

Results

OSAS severity indices correlated with clinical pa-

rameters

Table 1 shows the baseline anthropometric and biochemi-

cal characteristics of the study subjects. The median BMI

was 25.6 kg/m2, fasting plasma glucose (FPG) was 94 mg/

dL, and hemoglobin A1c (HbA1c) was 5.9%. Medications

for hypertension, diabetes, and dyslipidemia were prescribed

to 40.8%, 10.5%, and 18.4% of the patients, respectively.

The AHI ranged from 6.8 to 141.4.

Many of the pre-nCPAP OSAS severity indices except for

the arousal index were correlated with age, BMI, waist cir-

cumference, fat mass, fat-free mass, burst rate, burst inci-

dence, and heart rate but not with systolic/diastolic blood

pressure (Table 2), and some were correlated with liver en-

zymes, HDL cholesterol (data not shown), FPG, insulin se-

cretion indices (HOMA-beta, insulinogenic index), or insulin

sensitivity/resistance indices (HOMA-IR, Matsuda index,

and hepatic insulin resistance index).

OSAS severity indices correlated with glucose me-

tabolism indices

After adjusting for age and gender, multiple linear regres-

sion analyses revealed that HbA1c was significantly corre-

lated with the AHI, which remained significant even after

adjusting for the BMI (Model 2 in Table 3). Insulin secre-

tion indices (HOMA-beta, insulinogenic index) and insulin

sensitivity/resistance indices (HOMA-IR, QUICKI, and he-

patic insulin resistance index) were significantly correlated

with % SpO2<90%, independent of age and gender. Of

these, HOMA-beta, HOMA-IR, and hepatic insulin resis-

tance remained significantly correlated with % SpO2<90%
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Table　1.　Anthropometry and Biochemical Characteristics of the Study Subjects before and after Nasal Continuous Pos-
itive Airway Pressure Therapy.

before after

p
N

Mean±SD/Median 

(minimum-maximum)
N

Mean±SD/Median 

(minimum-maximum)

age (year) 76 62.0 (25-88)

gender (M/F) 76 63/13

body weight (kg) 62 74.5±16.1

BMI (kg/m2) 62 25.8 (16.9-44.7)

waist circumference (cm) 62 94.9±12.2

fat mass (kg) 62 19.0 (7.5-47.6)

fat-free mass (kg) 62 52.6 (5.5-73.1)

nCPAP therapy period (day) 62 123 (10-1,662)

nCPAP mounting time (hours/day) 75 4.8±1.9

Epworth sleepiness scale test (point) 76 7 (0-24)

apnea index (events/hour) 75 18.9 (0.0-138.7) 67 0.3 (0.0-8.7) <0.001

hypopnea index (events/hour) 75 17.6 (0.0-76.7) 67 2.3 (0.2-23.1) <0.001

apnea-hypopnea index (events/hour) 75 45.0 (6.8-141.4) 76 2.6 (0.3-23.1) <0.001

3% oxygen desaturation index (events/hour) 73 30.9 (4.3-97.6) 66 1.0 (0.0-17.2) <0.001

% SpO2<90% (% of total sleep time) 74 7.29 (0.00-76.91) 67 0.00 (0.00-14.0) <0.001

SpO2 minimum (%) 75 76 (38-90) 67 90 (73-97) <0.001

arousal index (events/hour) 74 39.7 (12.5-120.2) 64 16.8 (0.0-52.3) <0.001

burst rate (bursts/minute) 58 62 (24-101) 38 44 (23-74) <0.001

burst incidence (bursts/100 heartbeats) 58 88 (42-100) 38 58 (42-100) <0.001

systolic blood pressure (mmHg) 73 131 (98-165) 63 130 (107-174) 0.645

diastolic blood pressure (mmHg) 73 80 (39-117) 63 76 (56-109) 0.071

heart rate (beats/minute) 58 71±11 38 69±11 0.017

fasting plasma glucose (mg/dL) 63 94 (79-159) 20 94 (86-150) 0.663

HbA1c (%) 76 5.9 (4.6-9.4) 19 6.0 (5.2-8.8) 0.360

HOMA-beta 57 55 (6-241) 20 67 (7-285) 0.296

insulinogenic index 58 0.4 (0.0-1.9) 20 0.3 (-0.6-1.8) 0.224

HOMA-IR 57 1.2 (0.1-3.9) 20 1.5 (0.6-5.9) 0.931

QUICKI 57 0.37 (0.31-0.61) 20 0.36 (0.30-0.42) 0.849

Matsuda index 56 7.1 (1.3-89.0) 20 8.8 (1.2-21.7) 0.058

hepatic insulin resistance index 56 2.2×106 (2.5×104-1.3×107) 20 1.6×106 (1.0×105-1.2×107) 0.157

nCPAP: nasal continuous positive airway pressure, HOMA-beta: homeostatic model assessment beta cell function, HOMA-IR: homeostasis model as-

sessment of insulin resistance, QUICKI: quantitative insulin sensitivity check index

even after adjusting for the BMI (Model 2 in Table 3). The

% SpO2<90% was significantly correlated with all of the in-

sulin secretion and insulin sensitivity/resistance indices, in-

dependent of MSNA (Model 4 in Table 3).

OSAS severity indices correlated with MSNA

Multiple linear regression analyses showed that both the

burst rate and burst incidence were significantly correlated

with the apnea index, AHI, 3% oxygen desaturation index,

and % SpO2<90%, independent of age and gender. However,

after adjusting for the BMI, only the burst incidence showed

a significant correlation-with the 3% oxygen desaturation in-

dex (Models 1 and 2 in Table 3). These findings suggest

that the OSAS severity indices are associated with muscle

sympathetic activity, independent of age and gender, but are

largely dependent on obesity.

It was previously reported that glycemic control decreases

MSNA in patients with type 2 diabetes (31). However, in

the present study, there was no significant association be-

tween MSNA and HbA1c (Table 2).

Next, we conducted experiments to determine whether or

not the associations between glucose metabolism indices and

MSNA and OSAS severity indices were affected by HbA1c

(Model 3 in Table 3). A multiple linear regression analysis

revealed that MSNA was significantly correlated with the

AHI, 3% oxygen desaturation index, and % SpO2<90%, af-

ter adjusting for age, gender, and HbA1c in Model 3. After

further adjusting for the BMI, the burst incidence remained

significantly correlated with the 3% oxygen desaturation in-

dex (data not shown).

Changes in clinical anthropometrics and biochemi-

cal characteristics before and after nCPAP therapy

Table 1 summarizes the observed changes in clinical an-

thropometric and biochemical characteristics before and after

nCPAP therapy. The median period of nCPAP therapy was

123 days. As expected, nCPAP therapy significantly reduced

the OSAS severity indices, including the apnea index, hy-
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popnea index, AHI, 3% oxygen desaturation index, % SpO2

<90%, and arousal index, to normal values.

nCPAP therapy dramatically reduced the burst rate, burst

incidence, and heart rate (Table 1); however, it did not

change the blood pressure, triglycerides, HDL cholesterol, or

parameters for insulin secretion (HOMA-beta and insulino-

genic index) or insulin resistance (HOMA-IR, QUICKI,

Matsuda index, and hepatic insulin resistance index).

Discussion

How each category of the severity index is uniquely asso-

ciated with the pathological features of OSAS remains un-

clear. In the present study of Japanese patients with OSAS,

we found that different OSAS severity indices were associ-

ated with unique metabolic parameters. The OSAS severity

indices reflecting apnea/hypopnea (apnea index, hypopnea

index, AHI, and arousal index) were associated with glyce-

mic control, independent of obesity. It is possible that the

electroencephalogram bursts caused by apnea/hypopnea led

to deteriorated glycemic control, possibly via perturbation of

the neural networks modulating glucose metabolism. In con-

trast, the OSAS severity indices reflecting hypoxia (3% oxy-

gen desaturation index and % SpO2<90%) were associated

with glucose-induced insulin secretion and insulin resistance.

These findings are consistent with those of a previous report

stating that insulin resistance is associated with BMI, but

not the AHI, in Japanese OSAS patients (16). Because the

association of % SpO2<90% with insulin sensitivity/resis-

tance indices was significant after adjusting for MSNA, hy-

poxia may cause insulin resistance independent of activating

the sympathetic nervous system. In addition, it is interesting

that % SpO2<90% was associated with insulin resistance in-

dices in the liver (HOMA-IR and hepatic insulin resistance

index) rather than insulin sensitivity indices in skeletal mus-

cle (QUICKI and Matsuda index) (32). Although hypoxia it-

self may lead to insulin resistance due to deterioration of the

microcirculation in the skeletal muscle, future studies should

investigate the causal link between hypoxia and insulin re-

sistance in the liver.

The present study also revealed that the OSAS severity

indices reflecting apnea/hypopnea and decreased SpO2 are

associated with MSNA, independent of age and gender. In

particular, the 3% oxygen desaturation index was associated

with the burst incidence, even after adjusting for age, gen-

der, BMI, and HbA1c. Although there is a significant asso-

ciation between a decreased SpO2 and obesity, whether the

BMI is associated with MSNA (33, 34) or not (35, 36) re-

mains controversial. The current findings suggest that a de-

crease in SpO2, especially intermittent hypoxia reflected by

the 3% oxygen desaturation index, is associated with sympa-

thetic hyperactivity, independent of obesity.

We previously reported that switching from alpha-

glucosidase inhibitors to pioglitazone treatment for 3 months

significantly decreased MSNA in patients with type 2 diabe-

tes (31). In addition, a decreased insulin resistance index

(HOMA-IR), but not BMI or HbA1c, was significantly cor-

related with a decreased burst incidence (31). Indeed, hyper-

insulinemia can lead to increased sympathetic activity (37).

However, the current investigation into the effects of nCPAP

on metabolic dysregulation and MSNA associated with

OSAS found that nCPAP therapy dramatically lowered

MSNA without affecting glycemic parameters or insulin re-

sistance indices, suggesting a dissociation of OSAS-

associated sympathetic hyperactivity and insulin resistance.

The present study has some limitations. First, because it

was a retrospective observational study, nCPAP therapy was

not randomized, and therapy durations varied. Therefore, fu-

ture randomized controlled studies are needed in order to

confirm the present findings. Second, there was insufficient

information regarding the changes in medication uses to

treat hypertension and/or diabetes due to a lack of clinical

information for some patients who were followed by local

general physicians, which might have affected the results re-

garding the effects of nCPAP on blood pressure and glyce-

mic control.

Conclusion

In summary, we identified specific OSAS severity indices

that are distinctively associated with the pathophysiological

features of OSAS patients. The OSAS severity indices re-

flecting apnea/hypopnea are associated with glycemic con-

trol, whereas those reflecting hypoxia, particularly % SpO2

<90%, are associated with the hepatic insulin resistance in-

dependent of obesity. MSNA is independently associated

with both types of OSAS severity indices, particularly the

3% oxygen desaturation index (reflecting intermittent hy-

poxia). nCPAP therapy lowered all OSAS severity indices

and MSNA without ameliorating insulin resistance. These

findings suggest that hypopnea and hypoxia make distinct

contributions to the pathophysiology of OSAS and can help

us interpret each OSAS severity index in a clinical setting.
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