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ORIGINAL INVESTIGATION

Type 2 Diabetes, Glycemic Control, and Continuous
Positive Airway Pressure in Obstructive Sleep Apnea

Awnbika R. Babu, MD; James Herdegen, MD; Leon Fogelfeld, MD; Susan Shott, PhD; Theodore Mazzone, MD

Background: Sicep-disordered breathing (SDB) is a
prevalent condition associated with significant comor-
bidities, including hypertension, cbesity, cardiovascu-
lar disease, and insulin resistance. It has been previ-
ously shown that the severity of insulin resistance is related
to the severity of SDB.

Methods: Using a 72-hour continuous glucose moni-
toring system, we studied changes in interstitial glucose
levels and measured hemoglobin A, levels in 25 pa-
tients with type 2 diabetes mellitus before and after con-
tinuous positive airway pressure (CPAP) treatment for
SDB.

Results: With a mean+SD CPAP treatment period of
83 =50 days, the mean+5D 1-hour postprandial glucose
values were significantly reduced for breakfast (191 268
mg/dL to 130+41 mg/dL [10.6+3.8 mmol/L 0 7.2+2.3

mmol/L]), lunch (19670 mg/dl. to 138249 mp/dL
[10.9+3.9 mmol/L to 7.7+2.7 mmol/L]), and dinner
(199 +66 mg/dL to 137 48 mg/dL [11.0£3.7 mimol/L to
7.6+2.7 mmol/L]). In the 17 patients with a baseline he-
moglobin A, level greater than 7%, there was a signifi-
cant reducticn in hemoglobin A, level (9.2%=2.0% to
8.6%=x1.8%). Furthermore, in subjects who used CPAP
for more than 4 h/d, the reduction in hemoglobin A, level
was significantly correlated with days of CPAF use. There
was no such correlation in subjects who used CPAP for
4 h/d or less.

Conclusions: These lindings suggest that SDB is patho-
physiologically related to impaired glucose homeosta-
sis, and that CPAP can be an important therapeutic ap-
proach for diabetic patients with SDB.

Arch Intern Med. 2005;165:447-452

Author Affiliations:
Departments of Medicine
(Drs Babu, Herdegen, and
Fogelfeld) and Obstetrics and
Gynecology (Dr Shott), Rush
University Medical Center,
Chicago, 111; Department of
Medicine, john H. Stroger, Jr,
Hospita! of Cook County,
Chicago {Drs Babu and
Togelfeld); and Department of
Medicine, Univessity of llinois,
Chicago {Dr Mazzone).
Financial Disclosure: None.

{REPRINTED} ARCH INTERN MED/VOL 165, FEB 28, 2005

BSTRUCTIVE SLEEP APNEA
syndrome is a common
disorder, estimated to oc-
cur in 4% of men and 2%
of women.' Recently
published data from large studies indi-
cate that sleep-disordered breathing (SDB)
is an independent risk factor for the de-
velopment of hypertension and other car-
diovascular diseases, including strokes and
ischemic heart disease.>® The association
between SDB and diabetes mellitns was
noted several decades ago. More than 20
years ago, Rees et al” reported the pres-
ence of obstructive sleep apnea in pa-
tients with type 1 diabetes. Shortly there-
alter a report appeared of a high incidence
of breathing disorders in diabetic pa-
tients with autonomic neuropathy.®
Recently, there has been increased in-
terest in the metabolic effects of SDB and
the association of SDB with impaired glu-
cose tolerance, insulin resistance, and type
2 diabetes. One study found a 2-{old in-
creased visk of developing type 2 diabetes
in subjects with habitual or regular sner-
ing who were followed up for a 10-year pe-
riod.® Two recent reports indicated that SDB
is independently associated with glucose in-
tolerance and insulin resistance.’®" In pa-
tients with established type 2 diabetes, there

is a significant relationship between SDB
and fasting insulin, glucose, and hemoglo-
bin A;, (HbA, ) levels, that is independent
of obesity as determined by the waist-hip
ratio.”?

Several studies have examined the ef-
fects of SDB treatment with continuous
positive airway pressure (CPAP) on insu-
lin sensitivity. One study of 10 patients
treated with CPAP for 4 months found an
Improvement in insulin responsiveness as
measured by hyperinsulinemic englyce-
mic clamp analysis.”® A larger sample of
40 patients that used the euglycemic clamp
technique also found that insulin sensi-
tivity was improved with CPAP treat-
ment.” Insulin sensitivity in nonobese pa-
tients improved within 2 days, while a
significant change in the obese group was
not identified vniil the 3-month follow-
up. This improvement in insulin sensitiv-
ity occurred without any change in body
mass index. However, in another study
measuring glucose tolerance, HbA,, level,
and insulin resistance, no significant im-
provement was cbserved after 2 months
of CPAP treatment.’® A recent review re-
ported that in 8 of 9 published studies,
CPAP treatment did not produce a con-
sistent improvement in metabolic values
in patients with SDB.1
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The sirong association between insulin resistance and
SDB'*" suggests that treatment of SDB should lead to im-
proved glucose control in patients with diabetes. Al-
though controversial, published data suggest that insu-
lin responsiveness improves with CPAP treatment of
SDB.*" However, the clinical significance of these find-
ings for patients with diabetes requires farther investi-
gation. The aim of this study was to assess the effects of
CPAP treatment of SDB on glycemic control in a group
of obese patients with type 2 diabetes. Important as-
pects of our study included the ability to monitor CPAP
treatment adherence and 24-hour glucose levels,

— T

SUBJECTS

Subjects were recruited from a sleep clinic studying patients
for the presence of SDB. Potential subjects were those with type
2 diabetes meilitus, on a stable medication regimen, who were
referred for evaluaiion of sleep apnea based on clinical crite-
ria. To detect an improvement in glucose control, the primary
intent was 1o focus our analysis on patients with an ITbA,, level
greater than 7%. However, subjects with an HbA,, level of 7%
or less were not excluded. Forty-two subjects were initially
screened and enrelled; 3 subjects did not require CPAP on the
basis of polysominography, 4 subjects refused to initiate CPAP
wreatment, 8 subjects refused to return for repeat glucose moni-
wring after CPAP, and 2 subjects had incomplete glucose moni-
toring data. A sample size of 25 was available for final analysis.
Of these 25 subjects, 24 used CPAP machines that allowed for
weatment adherence monitoring, No medication adjustiments
were permitted during the study period.

Subjects underwent baseline testing of glucose and HbA,,
levels and 72-hour continuous glucose monitoring with comple-
tien of a food diary before initiation of CPAP treatment. Pa-
tients were asked to return for repeat blood analysis and 72-
hour continuous glucose monitoring with a {ood diary after 30
10 90 days of CPAP treatment. This protocol was approved by
the Instmtional Review Board for Protection of Human Sub-
jects. Wriiten consent was obtained from subjects by one of us
(A.R.B.orJ.H.).

CONTINUQCUS GLUCOSE MONITORING SYSTEM

The continuous glucose monitoring system (CGMS) {Guard-
ian; Medtronic-MiniMed, Northridge, Calif} is a device used
to measure interstitial glucose levels.'” The CGMS records sen-
sor signals every 5 minutes, providing 288 glucase level read-
ings per day. The typical measurement period is up to 3 days
(72 hours). The average dilference between glucose sensor and
glucose meter is 5.4 mg/dL (-0.3 mmol/L). It has a daily me-
dian correlation coelficient of 0.92 and a coefficient of varia-
tion of 5%. The sensor is calibrated with fingerstick bloed glu-
cose measurements 3 1o 4 times per day.

After a complete history was obtained and physical exami-
nation performed, the glucose sensor was inserted subcutane-
ously with aseptic precautions. All sensor insertion, removal,
and troubleshooting were performed by a single physician
(A.R.B.). The patients recorded a diet diary while they weve un-
dergoing glucose monitoring, Patients entered 3 to 4 blood glu-
cose readings from their glucometer to the CGMS to mainiain
calibration. At the conclusion ol the monitoring period, the sub-
jects returned to the clinic for removal of the sensor. After the
data from the CGMS were downloaded, the manufacturer's soft-
ware was used for analysis.

POLYSOMNOGRAPIY

Laboratory-based 16-channel polysomnography was performed
with 1 of 2 sleep monitoring systems (Telefactor or Sandman Elite;
Nelleor Puritan Bennett, Ouawa, Omario). Fach study included
standard placement of electrodes for continuous monitoring of
the central and occipital electroencephalograms, electro-
oculogram, submental electromyogram, and one chest lead for
cardiac rlythm; nasal and oral respiration measured with a therm-
istor; and bilateral leg {anterior tibialis) electromyograms. Each
polysomnaography recording was scored manually in 30-second
epochs according to standard criteria."® Patients demonstrating
significant SDB who were thought to be best treated with CPAP
underwent laboratory-based CPAP titration.

MONITORING OF CPAP USAGE

Microchip downloadable CPAP machines were used during the
study (ResMed 56 Elite [Resmed Corp, San Diego, Calif] or Rem-
starPre [Respironics Inc, Pittsburgh, Pa]). Both machines al-
low recording of CPAP use for at least 3 consecutive months,
based on time the mask was actually applied te a subject’s face
(not machine-run time). Data collection by the machine is not
influenced by the type of mask used by the subject as long as
leakage in the systeim is not excessively high. Compliance with
CPAP treatment was prospectively defined as an average use
ol CPAP [or more than 4 hours per night. Twenty-four of the
25 patients available for analysis used CPAP equipment that
allowed for monitoring of compliance.

QUESTIONNAIRES

Subjects were provided questionnaires assessing daytime sleepi-
ness {Epworth Sleepiness Scale) and eating behavior (food di-
ary). The Epworth Sleepiness Scale is an 8-question scale, scored
from 0 1o 3, that measures sleepiness as a reflection of a subject’s
tendency to fall asleep during specific, nonstimulating sitna-
tions, as assessed during an interval of time. This scale has been
validated and correlated with disease severity and change over
dme with CPAP use.”®? The food diary was validated by com-
parison with glucose peaks detected with the contnuous glu-
cose monitoring sensor and used to monitor dietary intake.

STATISTICAL ANALYSIS

SPSS for Windows, version 11 (SPSS Ine, Chicago, Il1), was used
{or data management and statistical analysis. Because the mea-
surements of interest had statistically nonnormal distribu-
tions that could not be transformed to statistical normality, non-
parametric statistical methods were used. The Mann-Whimey
tesi was done to compare independent groups with respect 1o
noncategorical variables. The Friedman test was used 1o con-
pare pretreatment and postireatment glucose measurements.
Seatterplats and Spearman rank correlation coefficients were
obtained to investigate relationships between noncategoricat
variables. A .05 significance level was used {or all statistical 1ests.
No 1-sided statistical tests were done. Results in the text and
tables are presented as mean+5D.

— S

Touble 1 gives the patient characteristics for the entire
patient population, patients compliant or noncompli-
ant with CPAP, and patients with a baseline HbA;, level
greater than 7%. Of the 25 total patients, compliance in-
formation was available for 24. Eight patients had a base-
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Tahie 1. Baseline Patient Characteristics

Insulin and oral 4

.~ Patienls With ~-- - Palients With Patiens With

) : i All Patients ) CPAP Use >4 hid -~ "GPAP Use =4 hid - HbAy, >T%

" Characteristic : {N=25) Cvon=12) T T =12 C In=17)
Age, mean + 5D,y - A07+80 522401 oL 40495 - 49572
Sex, No. (%) M : 16 {64) 9 (75) S . BBy 11485}

BMI 42787 45.2:10.8 ooi. 40860 © 429479
Duration of diabetes, mean + 80, v 83+6.8 118 : - - B3 99467
Baseling HbA,, mean + 8D, % B3x2.2. 7920 . T U B7425 ] 9220
Diabetes freatment, No, : ' S L
Oral : 17 7 .10 ISR (1
Insufin 4 2 N AP | ) 3
3 ' :': Y 211 . . 4

HbA,;, hemagiobin A,

Abbreviations: BMI, body mass index (expressed as weight in kilograms divided by the square of height in metars); CPAR, continuous positive airway pressure;

Table 2. Patient Sleep Characteristics '

A Patients

- Characlaristic: {N=25). 0

+. Epworth score;:mean:+ 5D CA4EEe

“Sleep hours, mean « 5D D L R
" Sleap efficiency, mean.+ 8D, %7 75£15 :

- Aphea +hypopnea index, mean 8D | 5B%:37

- Lawest oxygen saturation; mean+ 8D %. . i .0 TEwE. .

- Effective CPAP pressuire, mean £5D, emi B0« 0 1 124%24

Abbreviations: CPAP, continuous positive airway pressure; HbAy., hamoglobin A4

Talile 3. SI:e_e‘p'Apnéa Tréa!maﬁl'char'aléleri'sii;':s i

Al Patien

' B s U GPAP Use 4
. Characteristic” o Rt S (N=25) '

o patients Wil

12y =17y

" AHt at CPAP tragtment prassure, meanz S0
.+ CPAP treatment period, mean+ 8D, d . ... 8350 . :
-* Dally.CPAP use, mean 8D, f/d - o

-8 £10 (metian, 4} ¢

L _ 4.2::!_:;2.9 e v =;:

TR 0218,
T4x37 S . 94.x58:
[ 432330

Abbreviations: AHI, apnea + hypopnea index; CPAP, continuous positive airway pressure; HbA,,, hemoglobin A...

*P<_001 between high and low CPAP users.

line HbA,. level of 7% or less afier initial enrollment but
were included in the study. The entire patient popula-
tion (N=25) had a mean age of 50.7+9.0 years, and 16
{64%} were men. The patient group was very obese, with
a body mass index (calculated as weight in kilograms di-
vided by the square of hieight in meters) of 42.7+8.7, and
had a diabetes duration of 8.3x6.8 years and baseline
HbA,, level of 8.3%+2.2%. Of the 25 patients, 17 were
taking oral hypoglycemic agents, 4 were taking insulin,
and 4 were using both insulin and oral agenis. Patients
with CPAP use greater than 4 h/d tended to be male, be
heavier, and have a longer duration of diabetes. How-
ever, there were no significant differences in character-
istics between high and low CPAP users.

Table 2 pives the baseline sleep characteristics of the
entire patient population and subgroups of interest. The
Epworth score was 146 (normal, <10}, consistent with
significant daytime sleepiness. The degree of SDB was

somewhat variable but, in general, was moderate to se-
vere, with an apnea-hypopnea index of 36+37. No sig-
nificant differences were found between high and low
CPAP users for these sleep characteristics.

Table 3 gives the sleep apnea treatment character-
istics for the entire group and subgroups. In the entire
group, the apnea-hypopnea index was significantly re-
duced at the effective treatment pressure to a mean of 8
and a median of 4. Nineteen patients (76%) had an apnea-
hypopnea index less than 11 at their prescribed CPAP
pressure. Patients with CPAP use greater than 4 h/d tended
to have a higher apnea-hypopnea index with treatment
and fewer days of CPAP use at the time of analysis. How-
ever, the only significant difference in patient sub-
groups was the daily CPAP use in compliant compared
with noncompliant patients (6.6+2.0 vs 1.8x1.1 h/d).

Diabetes control was measured by means of the CGMS
and HbA,, values at the beginning and end of the study pe-
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 Table 4. Pastprandial Gihp@seﬂqhtrpl Before and Aﬂ:er_:l:'l;h ‘

G l_if._nsn. fean + SO, ma/dL:

* Al Paliénts

[ Pali ents Wilh GPAP Use >4 Iyd. . - Palienis With CPAP Use =4 i
_ b N =25) Son=12) ' {n=12) :
‘ " 1 ; — - "
i Variahle . Pretheérapy .. Posliherapy .- |4 Postiherapy ‘Pretherapy Posttherapy
* Breakfast 191468’ 1802 41% ' 123 £ 34 166253 138+ 49
“ Lungh- 196 £70° 0 138 + 49 136+ 56 195 +.47 144 242
© Dinner. 199466 [ . 137448 15047

130+49 197 + 43

Abbreviation; CPAP, continuous pasitive alrway pressure.
Sl conversion factor: To coavert plucose to millimoles per liter, multialy by 0,0555,
* P05 for within-group pre-CPAP vs post-CPAP treatment valuas.

a5- [2] Al Patients
’ = 02 W Faients With HbA¢, »7
9.0
P=02

EEE
£
T 8.0

754

70

Befora GPAP After GPAP

Figure 1. Mean hemoglobin A, (HbA,.) levels before and after continuous
positive airway pressure (CPAP) ireatment in the entize study population and
patients with a baseline HbA,. level greater than 7%. Groups were campared
by Friedman test.

riod. Fasting glucose analysis was performed with values
obtained by CGMS between 4 and 6 AM. For this period,
the mean glucose level was 137 mg/dL (7.6 minol/L) he-
[ore CPAP treatment and 122 mg/dL (6.8 mmol/L) after
CPAP treatment. Although all subgroups demonstrated a
reduction of fasting glucose level after CPAP treatment,
this reduction did not reach statistical significance for the
entire group or any of the subgroups.

Table 4 gives the postprandial CGMS data cbtained
for all patients and patients with high and low CPAP com-
pliance. The data represent the mean glucose values ob-
tained by the CGMS for 1 hour after each meal (12 data
points) before and after CPAP treatment. On the basis of
correlation with the food diary, these were the highest post-
meal glucose values. As shown, mean 1-hour postmeal glu-
cose values were significantly reduced after use of CPAP.
For the entire study population, the mean posthreak{ast glu-
cose value decreased from 191 +68 mg/dL to 130241 mg/dL
(10.6+3.8 mmol/L 1o 7.222.3 mmol/L}, the postlunch glu-
cose level decreased from 196+ 70 mg/dlL to 138 £49 mg/dL
(10.9£3.9 mmol/L 10 7.7+2.7 mmol/L}, and the postdin-
ner glucose level decreased from 19966 mg/dL to 137+48
mg/dL {11.0£3.7 mmol/L 1o 7.6+2.7 mmol/L).

Subgroup analysis also demonstrated significant post-
meal glucose reduction for all 3 meallimes in subjects us-
ing CPAP greater than 4 h/d. In patients using CPAF for
4 h/d orless, postineal glucose values were generally lower
aLall 3 meals after CPAP use, but only the breaklast meal-
time demonstrated a significant reduction in glucose level.

Figure 1 presents the HbA,, values before and after
CPAP treatment. For the entire patient population, the
HbA,, level was 8.3%= 2.2% at baseline and 7.9%x1.8%
after CPAP treatment (P=.06). However, in the analysis
of the 17 patients with an initial HbA,, level greater than
7% at enrollment {our prespecified analysis), the base-
line HbA,. level was 9.29%+2.0%, and this was reduced
t0 8.6%=1.8% alter CPAP treatment {P=.02).

Figure 2 presents the absolute change in the number
of glucose values greater than 200 mg/dL. (11.1 mmeV/L)
before and after CPAP in the entire study group and in pa-
tients with an HbA,, level greater than 7%. A value of 200
mg/dL was chosen because this represents unequivocal hy-
perglycemia irrespective ol dietary intake. In this analysis,
glucose values before and after CPAP were compared by
means of an identical number of glucose values matched
for the same period. This was done to maintain an ident-
cal number of meal and fasting periods belore or after CPAP
treatment. The figure illustrates that there was a signifi-
cant reduction in the number of glucose values greater than
200 mg/dL in the entire study population (baseline,
148+ 200; after CPAP, 83+ 117; P=.003, Friedman test).
There was also a reduction in the number of glucose val-
ues exceeding 200 mg/dL in the subgroup of patents with
HbA,, levels greater than 7%; however, this did not reach
statistical significance.

Figure 3 relates the improvement (reduction) of
HbA, levels to the number of days of CPAP usage among
patients with either high or low CPAP treatment com-
pliance. For this analysis, the change in HbA,, level was
calculated as the baseline value minus the post-CPAP
value, so that a positive result represents an improve-
ment in HbA,, during CPAP treatment. In the high-
compliance CPAP group (average use, >4 W/d; n=12},
there was a highly significant correlation between HbA,,
improvement and the number of days of CPAP use
{Figure 3A; Spearman correlation, r=0.74, P=.006}. In
the low-compliance CPAP group (average use, =4 h/d;
n=12}, there was no correlation between b4, improve-
ment and the munber of days of CPAP use (Figure 3B;
Spearman rank correlation, r=0.28, P=.32).

B COVMENT e

The results in this report demonstrate that effective treat-
ment of SDB (e, the CPAP pressure that best eliminated
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Figure 2. Number of glucose values greater than 200 mg/dL (11.1 mmoliL)
before and after continuous positive airway pressuse {CPAP) treaiment for
the entire study population and patients with an initial hemoglobin A,
(HDbA,) level greater than 7%, Glucose values before and after CPAP were
matched for number and lime of day for each patient. Groups were
compared by Friedman test.

SDB) led to improved glycemic control in a group of
very obese subjects with type 2 diabetes mellitus. Im-
provement in overall glycemic control was documented
by measuring interstitial glucose levels every 5 minutes
and by observing changes in HbA,, level. Treatment
with CPAP significantly reduced postprandial hyper-
glycemia and the total number of glucose values that
were greater than 200 mg/dL (11.1 mmol/L). In a group
of patients with baseline poor glycemic control, CPAP
treatment also significantly reduced HbA,, level. Fi-
nally, the strong correlation between HbA,. improve-
mient and days of CPAP use among compliant CPAP us-
ers, but not noncompliant CPAP users, supports an
important CPAP treatment effect.

We were able to study the effect of CPAP on 24-hour
glucose control in subjects during routine daily activi-
ties by using CGMS. Accuracy studies for the CGMS have
been reported in healthy volunteers, as well as in pa-
tients with type 1 and type 2 diabetes. ™ The CGMSac-
curately tracked acute changes in plasma glucose level
across a wide range of plasma glucose and insulin val-
ues in healthy volunteers. In patients with diabetes, con-
cordance between self-monitored blood glucose levels and
CGMS results were reported to be as high as 96.2%. The
validity of the CGMS in our study is supported by con-
cordant changes in HbA,. level.

Snoring (a clinical marker for SDB) and SDB have been
associated with the development of diabetes in several
population studies.®*' Sleep-disordered breathing has
been associated with the development of insulin resis-
tance and its related metabolic and cardiovascular risk
factors. '3 However, the effect of CPAP treatment on
glucose control in subjects with SDB and diabetes has heen
inconsistent.’™*** In published studies, however, objec-
tive measures of compliance with CPAP were not in-
cluded. Qur results demonstrate the importance of com-
pliance for metabolic improvement with CPAP therapy.
These results provide support for use of CPAP as a thera-
peutic approach in patients with type 2 diabetes and SDB,

| /
£
£
I
£
&
S ~054
) r=0.74
P=005
-10 T T - T T T 7
20 40 g0 a0 100 120 140 160
Days ol CPAP Use
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24
2
g1 < .
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T . .
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& .
=2 . .
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~14 .
r=0.28
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Figure 3. Ghange in hemogiobin Aw. (HbA,.) levels by number of days of
continuous positive airway pressure (GPAP) use in patienis who used CPAP
more than 4 h/d (A) or 4 h/d or less {B). Pre and Past refer to values baiore
and after CPAP treatment. A positive change in HbAy, rapresents an
improvement (reduction). The patients using CPAP more than 4 h/d
damonstrated a significant correlation between number of days of CPAP use
and impravement in HhA, level (r=0.74, P=.006, Spearman rank
corzelation).

and are consistent with the previously reported associa-
tion between SDB and glucose intolerance. In addition,
the current results provide support for a causal relation-
ship between SDB and impaired glucose homeostasis. We
believe that failure to account for poor compliance may
have masked a positive treatment effect of CPAP in pre-
vious studies of diabetic subjects with SDB.

Because we monitored blood glucose every 5 min-
utes for several days, we were able to document a much
larger CPAP treatment effect on postprandial compared
with fasting blood glucose levels, This result could re-
flect the Fact that our subjects had more substantial ¢l-
evation ol postprandial than {asting glucose values. This
would make a reatment effect easier to detect fora given
sample size. Alternatively, these results could also re-
flect the effect of CPAP treatment on insulin resistance
and sympathetic activity. " Increased sympathetic ac-
tivity caused by frequent sleep arousals and hypoxemia,
with release of counterregulatory stress hormones, may
be one mechanism for increasing insulin resistance in
SDR. -0

The interpretation of our study is limited by the ab-
sence of a placebo group, ie, we did not randomize sub-
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jects to sham CPAP treatment. We used patients as their
own controls and compared them before and after CPAP
treatment. However, the ability to monitor compliance,
and to identify patients with low CPAP compliance, al-
lowed a direct comparison between high- and low-use
groups. This comparison helps to address the issue of re-
gression to the mean as an explanation of our results.
There was a strong and significant correlation between
days of CPAP use and HbA,, improvement in compliant
CPAP users but not in noncompliant users (Figure 3).
There was also a larger impact on postprandial blood glu-
cose values in compliant than noncompliant CPAP us-
ers (Table 4). These results are consistent with a signifi-
cant treatment effect. Although it remains possible that
patients compliant with CPAP may also be more com-
pliant with their medication regimen, our design did not
allow medication adjustment during the study period, and
it is unlikely that new compliance issues arose during the
study to affect our results.

In view of the high prevalence of obesity and SDB in
diabetic patients, our results suggest that treatment of SDB
in these patients will have important therapeutic ben-
efit. The degree of HbA, . reduction that we observed with
treatment of SDB counld have important implications for
development of diabetic complications. Even more pro-
vocatively, the efficacy of CPAP treatment of SDB in im-
proving glucose homieostasis suggests an important patho-
physiologic role for SDB in producing, or worsening,
impaired glucose homeostasis. The results of our study,
therelore, also support the hypothesis that treatment of
significant SDB in patients with impaired glucose toler-
ance, or impaired fasting glucose levels, might prevent
or delay progression to diabetes. Evaluating this hypoth-
esis could have significant implications {or reducing car-
diovascular risk in the large number of patients with SDE,
obesity, and insulin resistance.
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