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SUMMARY

-Obstructive sleep apnoea is common in patients with diabetes. Recently,

it was reported that short sleep duration and sleepiness had deleterious
effects on glucose metabolism. Thereafter, several reports showed
relationships between glucose metabolism and obstructive sleep
apnoea, sleep duration or sleepiness. But the interrelationships among
those factors based on recent epidemiological data have not been
examined. We analysed data on 275 male employees (age,
44 + 8 years; body mass index, 23.9 = 3.1 kg m™2) who underwent a
cross-sectional health examination in Japan. We measured fasting
plasma glucose, sleep duration using a sleep diary and an actigraph
for 7 days, and respiratory disturbance index with a type 3 portable
meonitor for two nights. Fifty-four subjects (19.6%) had impaired glucose
metabolism, with 21 having diabetes. Of those 21 (body mass index,
25.9 = 3.8 kg m™3), 17 (81.0%) had obstructive sleep apnoea (respi-
ratory disturbance index > 5). Regarding the severity of obstructive
sleep apnoea, 10, four and three had mild, moderate and severe
obstructive sleep apnoea, respectively. The prevalence of obstructive
sleep apnoea was greater in those with than without diabetes
(P = 0.037). Multiple regression analyses showed that the respiratory
disturbance index independently related to fasting plasma glucose
only in the diabetic subjects. In patients with diabetes, after adjust-
ment for age, waist circumference, efc. sleep fragmentation had a
greater correlation with fasting plasma glucose than sleep duration,
but without significance (P = 0.10). Because the prevalence of
obstructive sleep apnoea is extremely high in patients with diabetes,
sufficient sleep duration with treatment for obstructive sleep apnoea,
which ameliorates sleep fragmentation, might improve fasting plasma
glucose.
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INTRODUCTION

Sleep and glucose metabolism have long been known to
have a complex interrelationship (Spiegel et al., 2009). As
the prevalence of obesity, diabetes, sleep apnoea and
habitual sleep restriction continue to rise together, accumu-
lating laboratory and epidemiological evidence suggests that
sleep restriction and sleep apnoea may be partially respon-
sible for the epidemic of obesity and diabetes (Spiegel et al.,
2009). In addition, sleepiness is said fo be a marker of insulin
resistance, independent of obesity (Barcelé et al., 2008).
Diabetes is now a global health priority, as the International
Diabetes Federation (2010) estimates that 285 million people
worldwide have diabetes and that this total will rise to
438 million in 20 years. However, the epidemiology and
pathophysiology of diabetes are apparently different among
races. A recent report indicated that diabetes in Asia is
characterized by rapid rates of increase over short periods,

onset at a relatively young age and a low body mass index

(BMI), and that specific strategies for the prevention and
control of diabetes in Asia are essential (Chan et al., 2009).

Obstructive sleep apnoea (OSA) is a highly prevalent sleep
disturbance, with its severity increasing with the degree of
obesity. The prevalence of OSA among patients with diabe-
tes reported in the four studies that used the gold standard
method of full polysomnography (PSG) for OSA assessment
and that defined OSA as an apnoea—hypophoea index (AHI)
>5 events h™' was consistently higher than 50% (average
73%; Aronsohn et al., 2010; Einhorn et al.,, 2007; Foster
et al., 2009; Resnick et al., 2003). Thus, studies in Western
populations revealed very high rates of OSA among
individuals with diabetes, but diabetic individuals in Asian
populations have a lower average BMI than those in Western
populations. Because obesity is a strong risk factor for OSA,
it is important to examine whether there are similar associ-
ations between the respiratory disturbance index (RDI) and
diabetes in Asian populations. However, there have been few
reports of population-based studies from Asia, where
the prevalence of diabetes as well as that of OSA is
interestingly compatible to that in the West (Chan et al,
2009; Ramachandran et al., 2010).

In addition to the relationship between diabetes and OSA,
the relationship between diabetes and sleep duration is
gaining considerable attention. However, no previous studies
have simultaneously examined the inter-relationship
among diabetes, sleep duration and OSA using objective
assessments of sleep duration rather than self-reported
assessments. Thus, we hypothesized that the prevalence
of diabetes was high in patients with OSA in Japan despite
the lower BMI in Japan as well as in other East Asian
countries. The hypothesis that sleep duration has a signifi-
cant association with fasting plasma glucose (FPG) in
patients with OSA was also considered. Moreover, we not
only tested the impacts of sleep duration on FPG, but also
those of sleep quality assessed by sleep fragmentation. To
test these hypotheses, we used information from a cross-

sectional epidemiological health survey of 275 middle-aged
male employees in Japan (Chin et al, 2010; Nakayama-
Ashida et al., 2008). Although most epidemiological studies
used subjective self-reported sleep duration, such self-reports
may be inaccurate and cause misclassification of sleep
duration (Van Den Berg et al., 2008). The actigraphic mea-
surements used in this study would ensure greater accuracy
of sleep duration and sleep quality than in previous reports.

MATERIALS AND METHODS
Subjects

We performed a cross-sectional epidemiological health
examination of male employees of an urban wholesale
company in Japan. Male subjects only were chosen for the
study, as the number of female employees was very small. Of
the 322 male employees who recorded their breathing during
sleep using a home monitoring system (Nakayama-Ashida
et al., 2008), 275 were investigated further by determining
their clinical characteristics and comorbidities (Chin et al.,
2010). Forty-seven of the 322 employees were excluded
because blood parameters or waist circumferences were not
measured. The relative proportions of the degrees of severity
of OSA were similar in these 47 excluded subjects as in the
275 subjects. The study protocol was approved by the IRB
Committee, which is associated with the Kyoto University
Graduate School and Faculty of the Medicine Ethics Com-
mittee. The committee follows the principles of the Declara-
tion of Helsinki. The study approval number was E-37.
Written informed consent was obtained from all subjects.

Measurements of body weight and waist circumference,
and diagnosis of diabetes

Trained research staff measured body weight and waist
circumference. Fasting blood samples were taken in the
morning after an overnight sleep. Measurements of FPG
levels were obtained retrospectively from the company’s
periodic examination data (Chin et al, 2010). For these
measurements, all subjects were told not to eat and drink
anything after 20:00 hours except water, and their blood was
sampled the following morning after 09:00 hours. Thus, all
subjects had undergone a more than 12-h fast. In accor-
dance with guidelines of the American Diabetes Association
and World Health Organization, diabetes was considered
present when the FPG level was 126 mg dL™" (7.0 mm) or
greater, or hypoglycaemic medication (insulin or oral hypo-
glycaemic agent) was being administered. Impaired fasting
glucose (IFG) was considered present when the FPG level
was 110mgdL™ (6.1 mm) or greater but lower than
126 mg dL™" (7.0 mwm; Hayashino et al., 2008).

Analysis of data from actigraph and a portable monitor

Each participant was asked o wear an actigraph (Morgent-
haler et al., 2007; Actiwatch AW-Light: Mini Mitter, Bend, OR,
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USA) for seven consecutive days (five workdays and two
weekend days) to estimate sleep/wake time and a type 3
portable monitor (PM; Morpheus; Teijin, Tokyo, Japan, which
is the same as Somté; Compumedics, Vic., Australia;
Chesson et al., 2003), an alternative to PSG in the diagnosis
of OSA (Kushida et al., 2005), for two nights at home. The
PM recorded chest and abdominal respiratory movements,
nasal pressure, oxygen saturation, heart rate and body
position.

We estimated sleep duration at night by analysing the
actigraph tracings in conjunction with information from a
sleep diary kept by the subjects (Nakayama-Ashida et al.,
2008). Sleep duration was assessed separately for an entire
week, which included both workdays and weekend days. The
RDI (number of apnoea and hypopnoea episodes per hour of
the analysed time length) was calculated from PM data using
the sleep durations obtained from the actigraph. PM records
were visually inspected and scored by at least two medical
doctors specialized in respiratory medicine. Apnoea is
defined as cessation of breathing for at least 10's, and
hypopnoea as a more than 50% reduction in the amplitude of
nasal pressure or respiratory effort associated with a more
than 3% reduction in oxyhaemoglobin saturation for at least
10 s. Apnoea and hypopnoea were scored blinded to other
information except for the sleep/wake time estimated by
actigraphy. Data without oxygen saturation values, illegible
recordings and data for <2 h were excluded from the
analysis. When data from both recorded nights were avail-
able, PM records from the second night were analysed.
Subjects with an RDI of 5-14.9, 15-29.9 and 230 were
considered to have mild, moderate and severe OSA,
respectively. We also assessed average sleep fragmentation
from data obtained by the actigraph for seven consecutive
nights. Sleep fragmentation, an index of restlessness during
sleep expressed as a percentage, was calculated by sum-
ming two percentages: (i) the percentage of the sleep period
spent moving (epoch with >2 activity counts is considered
moving); and (i) the percentage of immobile phases {con-
secutive epochs with no movement) that are only <1 min long
(Knutson et al., 2011).

Assessment of sleepiness

The modified Japanese version of the Epworth Sleepiness
Scale (ESS) was used to assess subjective sleepiness
(Takegami et al., 2009). Subjects also filled out a sleep diary
during the survey period.

Statistical analysis

Results are expressed as mean + SD. Unpaired ftests or
exact chi-square tests were used to compare the back-
grounds of participants. One-sample Kolmogorov—Smirnov
tests were used to check whether the data had normal
distribution. The relationships between two sets of data were
analysed by Pearson correlation coefficient tests. P-values
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<0.05 were considered to be statistically significant. Stepwise
multiple regression analyses were performed to identify those
variables that could predict the FPG level and ESS scores.
Specifically, age, waist circumference, RDI, average sleep
fragmentation, ESS scores and sleep duration were analysed
to identify those variables that could predict FPG indepen-
dently. In the same way, age, waist circumference, RDI,
average sleep fragmentation, sleep duration and FPG were
analysed to identify those variables that could predict ESS
scores independently. Statistical analyses were performed
using Statview 5.0 (SAS Institute, Cary, NC, USA).

RESULTS
Characteristics of the subjects

Table 1 shows the characteristics of the subjects. Of the 275
subjects, 21 (7.6%) had diabetes; among these, six (2.2%)
were being treated with hypoglycaemic medication. Further
examination proved that all 21 had type 2 diabetes. Subjects
with diabetes were older, more obese, had a larger waist
circumference and waist-to-hip ratio, and were more likely to
have OSA than those with normal fasting glucose (P = 0.036)
and than those without diabetes (P = 0.037). Thirty-three
subjects (12.0%) had IFG. Subjects with IFG were also older,
more obese, and had a larger waist circumference and waist-
to-hip ratio than those with normal fasting glucose. But the
prevalence of OSA in those with IFG did not differ signifi-
cantly from those with normal fasting glucose (P = 0.71).

Among the 21 subjects with diabetes, 17 (81.0%) had OSA
(RDI = 5). Regarding the severity of OSA, 10 (47.6%), four
(19.0%) and three (14.3%) had mild, moderate and severe
OSA, respectively. Among the 33 subjects with IFG, 20
(60.7%) had OSA, with nine (27.3%), nine (27.3%) and two
(6.1%}) having mild, moderate and severe OSA, respectively.
When considering the 221 subjects with normal fasting
glucose, 124 (56.1%) had OSA, with 84 (38.0%), 29 (13.1%),
and 11 (5.0%) having mild, moderate and severe OSA,
respectively.

Association between diabetes, sleep apnoea and sleep
duration

Firstly, we analysed the relationships between FPG and
OSA. There was a significant relationship between FPG and
RDI in the entire subject population [correlation coefficient
(n=0.19, P=0.0019]. Then, when that population was
divided into two groups, that is, those with and without
diabetes, FPG and RDI had a significant relationship in both
groups before adjustment; however, the relationship was only
significant in subjects with diabetes after adjustment (sub-
jects with diabetes: r=0.45, P=0.042, and r=0.49,
P =0.040 after adjustment for age, waist circumference,
which was a marker of visceral adiposity, average sleep
fragmentation, ESS scores and sleep duration; subjects
without diabetes: r = 0.14, P = 0.030 and r = 0.009, P = 0.89
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Table 1 Characteristics of the subjects

Number of subjects (%)
Age (years)

BMI (kg m™2)

Waist circumference {cm)

Waist-to-hip ratio

RDI (h™")

OSA* n

Average sleep
fragmentation (%)

ESS score

Average sleep duration (h)

Workday sleep duration (h)

Weekend sleep duration (h)

FPG (mg dL™")

Subjects
All subjects with diabetes
275 (100.0) 21 (7.6)
44 + 8 50+ 5
239+ 3.1 259 + 3.8
83.6 + 8.5 89.7 £ 8.8

0.88 + 0.05 0.92 £ 0.05
10.2 £ 10.7 13.9 £ 10.5

161 17
32.0 + 10.4 31.8+94
82+ 43 82+49
6.0+ 0.8 57+09
5.6 £ 0.9 54+ 009
6.9+ 15 62+13

103.7 £ 22.0 156.5 + 48.1

Subjects Subjects Subjects
with NFG P-value  with IFG with NFG P-value
221 (80.4) 33 (12.0) 221 (80.4)
43+ 8 <0.001 47 £ 6 43+ 8 0.0039
23529 <0.001 255+ 3.5 235+29 <0.001
824 +7.9 <0.001 88.3+x9.2 824+79 <0.001
0.87 +0.05 <0.001 0.1+ 0.06 0.87 = 0.05 <0.001
9.4+ 102 0.054 128+ 136 9.4 +102 0.090
124 0.036 20 124 0.71
32.3+ 102 0.81 302+11.9 323102 0.27
8.0+4.3 0.84 9.1+ 37 8.0 +4.3 0.21
6.0+08 0.068 6.0+ 0.7 6.0+0.8 0.60
57 +09 0.26 57=x0.9 57 +09 0.85
69=+15 0.040 6.8+ 1.0 6.9+15 0.55

96.8 £ 7.1 <0.001 116.0 £ 4.8 96.8 + 7.1 <0.001

Values are presented as mean = SD or n (%) unless stated otherwise.
*OSA was defined as having RDI of more than & h™'.

BMI, body mass index; ESS, Epworth Sleepiness Scale; FPG, fasting plasma glucose; IFG, impaired fasting giucose; NFG, normal fasting
glucose; OSA, obstructive sleep apnoea; RDI, respiratory disturbance index.

after adjustment for age, waist circumference, average sleep
fragmentation, ESS scores and sleep duration; Fig. 1a,b).
When we divided the subjects without diabetes into two
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glucose, to analyse the relationship between FPG and RDI,
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Secondly, as to the relationship between FPG and sleep
duration, we found a significant inverse relationship between
FPG and sleep duration in the entire subject group
(r=-0.13, P = 0.041). However, when separately analysing
subjects with and without diabetes, FPG was not related to
sleep duration (subjects with diabetes: r= -0.24, P = 0.30;
subjects without diabetes: r= 0.005, P = 0.93). After adjust-

Jd). ment for age, waist circumference, RDI, average sleep
PM IFG
1@ x - 10
= 404 [e)
° £
£
° 3 30
Oo g 80% o
o £ 2
- & 4
) [ %8
3 £ 104
o~ © k] g o
o © & o 7=045 Ar=049 g © 8 r=od
| P=0.042 *P=0.040 2 B, B P=045
80 100 120 140 160 180 200 220 240 100 110 120 130 140

Fasting plasma ghacose (mg/dl)

(b) NDM

80 9 100 10 120 130
Fasting plasma glucose (mg/dl)

8 F=0.04 Ar=0.009
B B p-9.030 *P=089

Fasting plasma glucose (mg/dl)

Normal fasting glucose
(d) ¢
[e]

40 - o
o e]

304

Respiratery disturbance index (/h)

80 90 100 11¢
Fasting plasma glucose (mg/dl)

Figure 1. Relationship between FPG and RDI in the subjects with diabetes (DM) (a), those without diabetes (NDM) (b), those with impaired

fasting glucose (IFG) (c) and those with normal fasting glucose (d). *rand *P were values after adjustment for age, waist circumference, average
sleep fragmentation, ESS scores and sleep duration.
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fragmentation and ESS scores, FPG also was not related to
sleep duration (subjects with diabetes: r=-0.30, P = 0.27;
subjects without diabetes: r= 0.009, P = 0.88). Although the
relationships were not significant, both before and after
adjustment, the correlations between FPG and sleep duration
tended to be stronger in the subjects with diabetes than in
those without diabetes.

With regard to the relationship between FPG and average
sleep fragmentation, we did not find a significant relationship
in the entire subject group (r= 0.036, P = 0.57). However, a
tendency toward a significant relationship in the subjects with
diabetes (r=0.37, P=0.10) was found. In the subjects
without diabetes, FPG was not related to sleep fragmentation
(r=-0.050, P =0.44). After adjustment for age, waist
circumference, RDI, ESS scores and sleep duration, those
results did not differ (subjects with diabetes: r=0.38,
P = 0.10; subjects without diabetes: r= —-0.057, P = 0.34).
Although the relationships were not significant, the correla-
tions between FPG and average sleep fragmentation tended
to be stronger in the subjects with than without diabetes.
Moreover, in the subjects with diabetes, correlations with
FPG and average sleep fragmentation after adjustment
tended to be stronger than those with FPG and sleep
duration.

Lastly, multiple regression analyses to predict FPG were
performed in the entire subject group and in subjects with and
without diabetes adjusted for age, waist circumference, RDI,
average sleep fragmentation, ESS scores and sleep dura-
tion. In the entire subject group, age and waist circumference
independently explained FPG [contribution rate (R?) = 4.5
and 3.5%, respectively; Table 2a]. The rates of the contribu-
tion were small, which in part was because the subjects were
considered as a single group regardless of the presence of
diabetes. We then divided the subjects into two groups (with
and without diabetes) to examine whether the effects of the
RDI would differ between the two groups. These analyses
revealed that in the subjects with diabetes, only RDI
independently explained FPG (R? = 19.9%; Table 2b). In
contrast, age and waist circumference, but not RDI, inde-
pendently explained FPG in the subjects without diabetes
(R2 = 7.1 and 3.5%, respectively; Table 2a,b). When consid-
ering subjects with IFG and those with normal fasting
glucose, only age independently explained FPG
(F?2= 6.3%, both). Those results did not differ when we
replaced sleep fragmentation by sleep duration in the
analysis (Table 2a,b).

Furthermore, we performed an additional analysis replac-
ing waist circumference by BMI. Pearson correlation coeffi-
cients tests showed that there was no significant relationship
between FPG and BMI in the subjects with diabetes
(r=-0.037, P = 0.88), while there was a significant relation-
ship between FPG and BM! in subjects without diabetes
(r=0.15, P=0.019). Multiple regression analyses showed
that after adjustment for age, BMI, RDI, average sleep
fragmentation, ESS scores and sleep duration, only the RDI
independently explained FPG in the subjects with diabetes
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(R? = 19.9%), a result similar to that with the use of waist
circumference. In the subjects without diabetes, age and BMI
(alternative to waist circumference) independently explained
FPG (R? = 8.2 and 2.9%, respectively).

Association between diabetes and sleepiness

As to relationships between FPG and sleepiness and
between RDI and sleepiness in the subjects with and without
diabetes, as well as in all subjects taken together, no
significant relationships were found. Only sleep duration
was significantly related to sleepiness in subjects with
and without diabetes (subjects with diabetes: r=—0.67,
P < 0.001; subjects without diabetes: r = -0.17, P = 0.0067).
Multiple regression analyses adjusted for age, waist circum-
ference, RDI, average sleep fragmentation, sleep duration
and FPG showed that in the subjects with diabetes, only
sleep duration independently contributed to sleepiness
(R? = 44.9%), while in the subjects without diabetes,
although sleep duration also independently contributed to
sleepiness, the contribution rate was much lower (R? = 3.0%)
than in those with diabetes.

DISCUSSION

Among the 275 male workers who underwent a health
examination in an urban company in Japan, the prevalence
of diabetes was 7.6%, which is the same as in the general
population in that age group in Japan as reported in 2008
(Ministry of Health, Labor and Welfare, 2008). The preva-
lence of OSA in patients with diabetes is high in Japan as
well as in Western countries. In this study, RDI and sleep
duration were significantly related to FPG, as has already
been reported (Aronsohn efal, 2010). However, after
adjustment for the confounders of age, waist circumference,
average sleep fragmentation, sleepiness and sleep duration,
RDI was significantly related to FPG only in subjects with
diabetes. Sleep fragmentation was more closely correlated
with FPG than sleep duration in patients with diabetes, but
without significance (P = 0.10).

In this study, OSA was highly prevalent in subjects with
diabetes, which is compatible with findings of recent
Western studies (77 and 86%; Aronsohn et al., 2010; Foster
et al., 2009) and a Japanese study (78%; Kashine et al.,
2010); however, subjects in the Japanese study were not
from the general population. Although the mean BMI
(25.9 kg m™) in subjects with diabetes in the present study
was lower in comparison with subjects in the Western
studies (33.8 and 36.5 kg m™; Aronsohn et al., 2010; Foster
etal, 2009) and in the Japanese study (28.3 kgm™2;
Kashine et al.,, 2010), a low BMi is characteristic of persons
with diabetes in Asia (Chan et al., 2009). This finding is
similar to those showing that the prevalence of OSA is
as high in Asian populations as in Western populations
even though Asian subjects with OSA have a lower BMI
than Western subjects. The mean BMI in our study was
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Table 2 (a) Relationships with FPG; (b) stepwise multiple regression analyses to predict FPG

r P-value 95% CI
(a)
In the entire subject group
Age (years) 0.23 <0.001 0.11-0.34
Waist circumference (cm) 0.20 <0.001 0.084-0.32
RDI (W1 0.19 0.0019 0.072-0.31
Average sleep fragmentanon (%) 0.036 0.57 -0,086 to 0.16
ESS scores 0.043 0.49 -0.0791t0 0.16
Sleep duration (h) -0.13 0.041 -0.25 to 0.005
In the subjects with diabetes
Age (years) ~0.23 0.32 -0.60 to 0.22
Walst circumference (cm) 0.016 0.85 -0.42 1o 0.45
RDI (") ) 0.45 0.042 0.017-0.74
Average sleep fragmentation (%) 0.37 0.10 ~0.075 to 0.69
ESS scores -0.10 - 0.66 -0.51 10 0.35
Sleep duration (h) -0.24 0.30 -0.61100.22
In the subjects without diabetes
Age (years) 0.28 <0.001 0. 16——0 39
Waist circumference (cm) 0.21 0.0011 0.083-0.32
RDI (") 0.14 0.030 0.013-0.28
Average sleep fragmentation (%) -0.050 0.44 -0.17 to 0.076
ESS scores 0.066 0.30 —-0.060 to 0.19
Sleep duration (h) 0.005 0.93 -0.12 10 0.13
Model 1 Model 2
B R(%) B R (%)
(b)
In the entire subject group
Age (years) 0.20 4.5 0.20 4.5
Waist circumference {cm) 0.17 35 0.17 3.5
RD! (h™") NA NA NA NA
Average sleep fragmentatxon (%) NA NA - -
ESS scores'” - NA NA NA NA
Sleep duration (h) - - NA NA
Cumulative A* , 8.0 8.0
In the subjects with diabetes s
Age (years) NA NA NA NA
Waist c:rcumference {cm) NA NA NA NA
RDI (h~") 0.45 19.9 0.45 19.9
Average sleep fragmentation (%) NA NA - -
ESS scores NA NA NA NA
Sleep duration {h) - ~ NA NA
Cumulative R2 19.9 ' o * 19.9
In the subjects without diabetes i .
Age (years) 0.26 74 0.26 71
Waist circumference ( cm) 0.17 3.5 017 3.5
RDI (h71y NA NA NA NA
Average sleep fragmentation (%) NA NA - -
ESS scores NA NA NA . NA
Sleep duration {h) - - NA NA
Cumulative A2 e 10.6 : - 10.6

Cl, confidence mterva(l ESS, Epworth Sleepiness Scale; FPG, fasting plasma glucose; RDI, respiratory disturbance index; 8, standard
regression coefficient; 7, correlation coefficient; P, contribution rate; NA, not applicable.

Model 1 was adjusted for age, waist circumference, RDI, average sleep fragmenténon and ESS scores.

Model 2 was adjusted for age, waist circumference, RDI, ESS scores and sleep duration.
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comparable to that in normal Japanese males. Also the
prevalence of diabetes and IFG in Japanese males in their
40 s was reported to be 7.6 and 11.0%, respectively, in
2007 (Ministry of Health, Labor and Welfare, 2008), similar
to findings of this study (7.6 and 12%, respectively).
Therefore, our data that reflect the current background in
Japan might be applicable to Western populations, although
further studies are required to confirm this.

The proportion of OSA among our subjects, especially of
mild OSA, was higher than that previously reported (Young
et al., 1993). We suspect as one reason that we defined
hypopnoea as a more than 50% reduction in the amplitude of
nasal pressure or respiratory effort associated with a more
than 3% reduction in oxyhaemoglobin saturation, while
Young et al. {1993) defined hypopnoea as a discernible
reduction in respiratory airflow accompanied by a decrease of
4% or more in oxyhaemoglobin saturation. In addition, to
detect hypopnoea, we used a nasal pressure sensor, while
Young et al. (1993) used a thermo sensor. The American
Academy of Sleep Medicine (1999) reported that a pressure
sensor was much more effective and sensitive than a thermo
sensor to detect hypopnoea, especially slight hypopnoea. In
addition, the sampling time of the percutaneous arterial
saturation was 1 s in our study. The sampling time, which
means constant intervals to convert the amplitude of
analogue signals to numbers, might have become shorter
and more accurate in the 2000s than in the 1990s owing to
advances in technology. However, Young et al. (1993) did
not describe the sampling time in their methods. Also, our
findings might have been influenced by the fact that we could
make assessments under usual circumstances, where
more than half of the subjects took alcohol before sleep
(Nakayama-Ashida et al., 2008).

Some relationship between diabetes and OSA was indi-
cated by the following findings: (i) subjects with diabetes had
a higher prevalence of OSA than those without diabetes
(P = 0.037); (i) there was a significant relationship between
FPG and RDI (P=0.042); and (iii) multiple regression
analyses showed a significant association between FPG
and RDI only in persons with diabetes. Diabetes has been
linked to OSA in many studies. However, obesity, which is a
common condition predisposing persons to both OSA and
diabetes, is a main confounder, and causalily remains to be
determined (Tasali et al., 2009). Among our study subjects
with diabetes, waist circumference and BMI were not inde-
pendently related to FPG, but RDI was. Cross-sectional
analyses in an American cohort (Punjabi et al., 2004) and an
Australian cohort (Marshall et al, 2009) also showed a
significant relationship between diabetes and OSA. However,
the Australian study showed that after adjustments for patient
characteristics, the association was not significant. Thus, the
independent relationship between OSA and diabetes needs
further study.

As it was said that short sleep duration induced poor
glucose metabolism (Spiegel ef al,, 2009), in our study, a
significant relationship between FPG and sleep duration was
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noted when the entire subject group was considered,
although that relationship disappeared when subjects were
divided according to having and not having diabetes. One
reason might be the small number of subjects in each group
after the division. The use of the actigraph might be another
reason. Most previous epidemiological studies examined the
relationships between diabetes and sleep duration as
assessed by subjective self-reported measures (Tasali et al.,
2009). Objective actigraph-measured sleep duration is more
accurate than self-reported sleep duration (Van Den Berg
et al., 2008). Moreover, total sleep time and sleep efficiency
do not always significantly differ from those determined by
PSG data and the combined data from actigraphy and
subjective reports (Kushida et al., 2005). Thus, our study
design differed from that of previous studies on this
issue, and sleep duration could have been assessed more
accurately.

Associations between FPG and sleep fragmentation were
reported (Knutson et al., 2011). In this study, we found only a
tendency toward a significant relationship between FPG and
sleep fragmentation in the subjects with diabetes. One
reason might be the small number of subjects, another might
be that we used average sleep fragmentation for 7 days, and
the PM was attached to the subjects for two of the 7 days.
Sleep fragmentation on the days that PM recordings were
made might have been overestimated as the PM might have
disturbed sleep. In addition, in subjects with OSA, sleep
fragmentation might fluctuate widely day by day, and deter-
mining sleep fragmentation might be more difficult than in
those without OSA. Although sleep fragmentation might
significantly affect FPG in subjects with OSA as well as
the recent report (Knutson et al.,, 2011), further studies are
needed.

Previously, we reported the effects of the presence of
hypertension on the relationship between OSA and sleepi-
ness. We showed that sleepiness was related to the severity
of OSA in hypertensive subjects but not in non-hypertensive
subjects, although sleepiness was related to short sleep
duration in both groups (Harada et al, 2011). Thus, we
thought that the effects of sleepiness would differ between
subjects with and without diabetes. Then we assessed the
effects of the presence of diabetes on the relationship
between OSA and sleepiness. Barcel6 et al. (2008) reported
that sleepiness in OSA was associated with higher FPG and
insulin resistance and might be a risk factor for diabetes.
However, in this study, we did not find such an association.
Perhaps this was because the ESS scores used in our study
were subjective assessments of sleepiness and might differ
from objective measurements. In addition, our study subjects
in this study had short sleep durations, which might have
significant effects on the relationships between sleepiness
and FPG. Although only sleep duration was independently
related to sleepiness in both study groups, the influence of
short sleep duration on sleepiness was much greater in
the subjects with diabetes (R? = 44.9%) than in those
without diabetes (R? = 3.0%). Therefore, ensuring sufficient
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sleep duration could ameliorate sleepiness in subjects with
diabetes.

The present study has some limitations. First, this is a
cross-sectional study and it was difficult to completely
exclude the influence of confounders such as age, obesity,
medication, etc. Second, the number of subjects was small,
and further studies with a larger number of subjects are
needed to clarify this issue. Third, we did not perform PSG,
parlly because we wanted to assess sleep under usual
lifestyle conditions. However, the non-attached type 3 moni-
toring was reported to be reliable under the specific condi-
tions in which our study was conducted (Collop et al., 2007).
in addition, as to the reliability of the PM used in this study,
Cunnington ef al. (2003) stated AHI measured by PSG and
by the PM highly correlated (r= 0.94), and also stated the
median difference (AHI by PSG-AH! by the PM) was
—-0.5 events h™' (95% confidence intervals —4.4 to 5.4,
P = 0.83). Further, they indicated that the same PM as we
used could correctly evaluate OSA that had been defined by
PSG with a sensitivity of 96% and specificity of 83%
(Cunnington et al., 2009). In addition, as we previously

- reported, inter-scorer and night-to-night reliability of RDI were
excellent (interclass correlation coefficient of 0.98 and 0.95,
respectively; Nakayama-Ashida et al., 2008). Also, laboratory
tests on blood samples of the study subjects were performed
yearly in accordance with the rules of the company. There-
fore, subjects were advised yearly not to eat and drink
anything after 20:00 hours except water and, of course, they
were given the same instructions when this study was
performed. Although the blood studies were performed after a
longer than 12-h fast, we did not assess the exact time when
the last meal or drink was consumed. Therefore, some
subjects might have taken food or drink after 20:00 hours.
We did not measure haemoglobin Aic values and we could
not examine insulin resistance as we did not measure fasting
insulin. Also, actigraphy seemed to have some limitations as
it could not identify specific sleep stages like rapid eye
movement sleep, although we did not consider this a problem
because we only assessed awake time and sleep time during
the night. We did not administer the Multiple Sleep Latency
Test to estimate sleepiness objectively. ESS scores used in
our study reflected subjective sleepiness and might differ
from objectively measured sleepiness. Lastly, our partici-
pants did not include women because there were few female
employees in the company.

In conclusion, OSA and sleep duration were related to FPG,
and RD| was independently related to FPG in the subjects with
diabetes. From results of this study, in addition to those of
other studies (Aronsohn et al.,, 2010; Punjabi et al., 2004,
Spiegel et al., 2009), patients with diabetes should be exam-
ined for the presence of OSA. If OSA is present, it should be
treated intensively, which will possibly have a favourable
effect on plasma giucose control. Although the association
between FPG and sleep duration in this study was weak,
patients with diabetes should be advised to get sufficient sleep
with less sleep fragmentation through the treatment of OSA.
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Abstract

Introduction Congenital adrenal hyperplasia (CAH) is a
group of autosomal recessive disorders in humans. The
most frequent CAH variant is 21-hydroxylase deficiency.
Patients with 21-hydroxylasedeficiency require long-term
glucocorticoid replacement treatment. Although sleep dis-
turbance is frequently observed under glucocorticoid
replacement treatment, a case of obstructive sleep apnea
(OSA) in patients with CAH has not been reported.

Case report A 43-year-old man with CAH who complained
about sleep disturbance and sleep bruxism was diagnosed
as obstructive sleep apnea (OSA) by polysomnography
(PSG). Following the introduction of nasal continuous
positive airway pressure (nCPAP), his sleep disturbance
with symptoms also improved; in addition, he was able to
reduce the dose of glucocorticoid replacementtherapy
without any adverse consequences on his sleep pattern.
Conclusions Physicians who treat a patient with CAH
should know the possibility in the existence of OSA in
their patients. Because symptoms with OSA in CAH patient
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may increase the dosage of long-term glucocorticoid
treatment for the patient, which may induce several adverse
effects including body weight gain on the patient.

Keywords congenital adrenal hyperplasia - obstructive
sleep apnea - nasal continuous positive airway pressure -
glucocorticoid replacement therapy

Introduction

Congenital adrenal hyperplasia (CAH) is a group of
autosomal recessive disorders in humans, with an estimated
worldwide incidence of 1 in 15,000 live births [1]. The
most frequent CAH variant, accounting for 95% of all
affected patients, is 21-hydroxylase deficiency. This defi-
ciency is caused by inactivating mutations in the CYP2]
gene, presenting as impaired cortisol synthesis and in-
creased corticotrophin secretion. The resulting adrenal
stimulation leads to increased production of androgens. In
healthy individuals, it is well known that there is a marked
circadian rhythm in cortisol release with the lowest levels
occurring shortly after midnight and rising between 0200
and 0300 h, and peaking around 0600 to 0800 h (after
waking). Patients with 21-hydroxylase deficiency require
long-term glucocorticoid treatment to inhibit excessive
secretion of corticotoropin-releasing hormone and cortico-
tropin by the hypothalamus and pituitary, respectively, and
to reduce elevated levels of adrenal sex steroids [2].
Glucocorticoid replacement therapy in adults has to be
adjusted according to individual goals; there is no perfect
regimen [3]. The dosage of glucocorticoid replacement
therapy must be carefully adjusted to mimic this circadian
rhythm. Inadequate levels of glucocorticoid replacement
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Table 1 Polysomnogram analy-
sis of the effect of introducing
CPAP on OSA

Descriptive statistics were cal-
culated and for measurements of
duration of sleep bruxism before
and after nCPAP and compared
by unpaired ¢ tests. Values are +
standard deviation

CPAP Continuous positive airway
pressure, SWS Slow wave sleep,
REM Rapid eye movement, AHI
Apnea hypopnea index, SpO,
Percutaneous oxygen saturation

Before CPAP After CPAP

Sleep duration (min) 478 431.5
Awakenings/h 17.1 99
Micro-arousals/h 9.3 6.5
Arousal index/h 26.4 16.4
Sleep onset (min) 3 4
Sleep efficacy (%) 86.8 86.1
Stage I (%) 6.5 12.6
Stage II (%) 66.1 63.5
SWS (%) 9 0.7
REM (%) 18.4 232
AHI/h 26.2 1.8
Obstructive apnea/h 2 0
Mixed apnea‘h 0 0
Central apnea/h 0.1 15
Hypopnea/h 24.1 0.3
Minimum SpO, (%) 80 89

Fig. 1 A 30-s epoch ofa diagnostic polysomnogram. Sleep bruxism was
present with preceding micro-arousal. Depicted derivations include (from
top to bottom) four electroencephalographic derivations; left and right
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therapy may lead to many adverse effects such as sleep
disturbance, elevated body mass index (BMI), glucose
tolerance, osteoporosis and increased cardiovascular risk
[4-7]. Increase in BMI is a main risk factor for obstructive
sleep apnea (OSA) [8], which often induces sleep distur-
bance. We report here the first case of a CAH patient who
complained of sleep disturbance and was diagnosed to have
OSA and bruxism via polysomnography (PSG), and for
whom nCPAP was prescribed.

Case presentation

The patient was a 43-year-old man who had been diagnosed
with CAH when he was 4 years old. After the diagnosis,
glucocorticoid replacement therapy was started. He suffered
from diabetes mellitus, osteoporosis, hyperlipidemia and
lumbar hernia; there was no family history of congenital

metabolic disorder. His growth was arrested when he was
12 years old. Mutations of the CYP21 gene were detected
in 2001. In 2005, when the patient was 39 years old, he
complained of daytime fatigue, sleep disturbances such as
insomnia with daytime sleepiness, lack of sensation taking
a good sleep the feeling that he was unable to have a “good
sleep”, and sleep bruxism. At that time, his height and
weight were 152.6 cm and 55.0 kg, respectively, and his
BMI was 23.6 kg/m?.

The overnight monitoring of his oxygen saturation by
pulse oximetry was investigated. The oxygen desaturation
index (ODI), defined as the number of 3% oxygen
desaturations per hour of sleep, was 10/h, which indicated
diagnosis of mild to moderate OSA. Oral appliance therapy
was prescribed and his ODI improved to 0.57/h. However,
the patient continued to complain of sleep disturbance.

Four years passed. His sleep disturbance continued. He
gained approximately 2 kg within 1 month when he

O2A1 O1A2 OC4A1 C3A2

fll.f\f‘\l{'" - V’“’,”V“‘Ef*ﬁ”r“‘rv“f‘rﬂ

Fig. 2 A 30-s epoch of a therapeutic polysomnogram, with
continuous airway pressure set. The duration and amplitude of sleep
bruxism was improved. Depicted derivations include (from fop to
bottom) four electroencephalographic derivations; left and right

electrooculogram; chin and both extremities electromyograms; elec-
trocardiogram; CPAP flow; thoracic and abdominal movements by
piezoelectric belts; oxygen saturation; snore; CPAP pressure
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received oral 5.0 mg hydrocortisone at 1200, 1500, and
1800 hours, and oral 0.375 mg dexamethasone at 2200
hours as glucocorticoid replacement therapy. His BMI
increased from 23.6 to 24.6 kg/m?. His blood test analysed
at 0800 hours revealed that adrenocorticotropic hormone
(ACTH) and eosinophil levels were 11 (reference value: 7—
56) pg/ml and 300 (reference value: 96-480)/ul, respec-
tively. The Epworth Sleepiness Scale (ESS) score was 12
(reference value =10) points.

PSG (Somnostar Pro System, Fukuda Denshi, Tokyo,
Japan) was performed without the oral appliance and the
apnea and hypopnea index (AHI) was 26.2/h (Table 1 and
Fig. 1). Apnea was defined as the cessation of airflow
210 s and hypopnea was defined as a >50% decrease in a
valid measure of airflow in association with oxygen
desaturation of >3% or an arousal. Nasal continuous
positive airway pressure (nCPAP) therapy was pre-
scribed and his AHI improved to 1.8/h (Table 1).
Bruxism was measured by activation on an electromyo-
gram, together with sounds of bruxism that could be
heard by the attendant sleep technician. A comparison
between the PSGs recording without nCPAP and with
showed an improvement of in mean durations of bruxism
from 13.4+£7.1 to 9.7£6.0 s (p<0.05 1 Figs. 1 and 2);
however, the number of bruxism events was not changed
significantly, from 40 to 37.

About 10 days following the introduction of nCPAP, the
dose of dexamethasone was reduced from 0.375 to 0.25 mg
because his insomnia and daytime sleepiness improved. He
subsequently continued nCPAP and the level of glucocor-
ticoid replacement therapy was reduced, resulting to
improvements in symptoms of sleep disturbance without
exacerbation of the other symptoms.

Discussion

This study describes a CAH patient with moderate OSA,
whose symptoms were thought to be symptoms of CAH,
which were relieved by nCPAP treatment and which
enabled the dose of glucocorticoids to be reduced. To our
knowledge, this case represents the first report of OSA in a
CAH patient with glucocorticoid replacement treatment.
There has been no report about a CAH patient with OSA.
Too high a level of HRT therapy may worsen the severity of
OSA by cortisol-induced obesity. Our patient gained 2 kg
within 1 month of glucocorticoid therapy. It has been reported
many patients with adrenal insufficiency such as CAH have
indefinite complaints such as daytime fatigue because of
inadequate controlled dosing of glucocorticoid replacement
treatment [9, 10]. Therefore, CAH patients who suffer from
undiagnosed sleep apnea may be prescribed increasing doses
of corticosteroids because of daytime fatigue. The patient in
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this study was able to reduce his dose of dexamethasone
after the introduction of nCPAP treatment. In this way, he
might have avoided higher risks of a worsening condition
because of elevated BMI due to increased use of cortico-
steroids in addition to other side effects of corticosteroids,
such as diabetes mellitus and osteoporosis.

Our patient also complained sleep bruxism in addition to
daytime fatigue and sleep disturbance. The prevalence of
sleep bruxism is approximately 8% in the general popula-
tion. There is no difference in prevalence rates between
men and women, but it decreases with age [11]. In an
epidemiological study, it has been found that OSA was the
highest risk factor for sleep bruxism [12]. Regarding sleep
bruxism, the duration improved after nCPAP treatment,
although the number of bruxism events did not significantly
change. It has been also reported that sleep bruxism is
strongly linked to transient arousal episodes [13] and
follows an increase in autonomic nervous system [14].
Patients with OSA have a high sympathetic activity when
awake, with further increases in sympathetic activity during
sleep and these increases are attenuated by treatment with
CPAP [15]. In this case, we considered that the attenuated
lowered overactivities of sympathetic nerve activity by
introducing nCPAP might improve the duration and
amplitude of sleep bruxism.

Physicians who treat patients with CAH should be aware
of the possibility of OSA in their patients, because
symptoms with OSA in CAH patients may lead to
increased dosage of long-term glucocorticoid treatment for
these patients, which in tum could induce several adverse
effects including body weight gain.
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