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OBJECTIVE—Sleep restriction has been associated with deteriorated insulin sensitivity. The
effects of short sleep duration have been explored little in patients with type 1 diabetes. This
study addresses the question of whether sleep curtailment affects HbA . levels in patients with
type 1 diabetes.

RESEARCH DESIGN AND METHODS —Seventy-nine adult patients with type 1 di-
abetes (median age 40 years [IQR 23-49]; 47% men) were recruited to wear a wrist actimetry
sensor during 3 consecutive days to assess mean sleep duration during normal daily life. A
subsample of 37 patients also performed 24-h ambulatory blood pressure monitoring (ABPM).
Medical history, sleep questionnaires, and diabetes-related quality of life (DQOL) were
assessed.

RESULTS —Patients having shorter sleep duration—less than 6.5 h (n = 21)—had higher levels
of HbA;. (P=0.01) than patients with longer sleep duration, above 6.5 h (n = 58). In a multivari-
able regression model including shorter versus longer sleep duration, diabetes duration, DQOL
score, and daily activity, sleep duration was the only variable independently associated with
HbA, (R* = 10%). In patients who performed 24-h ABPM, patients with a nondipping pattern of
blood pressure exhibited shorter sleep duration than patients with a dipping pattern of blood
pressure.

CONCLUSIONS —Shorter sleep duration is associated with higher HbA;, levels in patients
with type 1 diabetes, as well as with a nondipping pattern of blood pressure, anticipating a long-
term deleterious impact on the risk of microvascular complications. Further studies should test
whether extending the duration of sleep may improve both HbA,. and blood pressure in type 1
diabetes.
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oluntary sleep curtailment is spread-

ing among our societies, particularly

in children and adolescents (1). Such
chronic sleep deprivation is also frequent
among patients suffering from type 1 dia-
betes as well as their families (2). Several
prospective cohorts in the general popula-
tion demonstrate a link between short sleep
duration and incident obesity (3), type 2
diabetes (4-6), and hypertension (7,8).
The main weakness of these studies, which

were conducted with large samples, is that
sleep duration was not objectively assessed
but only estimated subjectively by sleep
questionnaires. Mechanisms underlying
such associations seem to involve down-
regulation of the satiety hormone leptin
and up-regulation of the appetite-stimulating
hormone ghrelin, increasing hunger and
food intake (9). Sleep restriction has been
associated with deterioration of insulin sensi-
tivity (10).
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The effects of short sleep duration
have been poorly explored in patients
with type 1 diabetes. Short sleep duration
has been associated with a nondipping
pattern of blood pressure in patients with
type 1 diabetes (11), which means that
nocturnal blood pressure did not demon-
strate the normal 10% decrease compared
with daytime values. No study has yet ad-
dressed the question of the potential del-
eterious effect of sleep curtailment on
HbA;. in type 1 diabetes. Priou et al.
(12) recently have shown that sleep apnea
syndrome (obstructive sleep apnea
[OSA]) was associated with increased lev-
els of HbA,. in subjects with OSA but
without any diabetes, suggesting that
sleep respiratory disorders could alter
plasma glucose levels; however, this
work did not evaluate the potential asso-
ciation of total sleep time with HbA;..

Strict control of HbA;. and blood
pressure levels, including the normal dip
of nocturnal blood pressure, have been
clearly associated with lower incidence
of microvascular complications in type 1
diabetes (13-15). Thus, this study looked
for the effects of sleep duration on glycemic
control and nocturnal blood pressure pat-
terns in patients with type 1 diabetes.

RESEARCH DESIGN AND

METHODS —Adults with type 1 diabe-
tes (81 men and women) (16) were re-
cruited prospectively and at random
from an outpatient clinic during the pe-
riod ranging from December 2009 until
April 2012. Participants were asked to
wear a wrist actigraphy sensor for 3 con-
secutive days to objectively measure sleep
duration in “real-life” conditions. One pa-
tient dropped out. One patient had in-
valid wrist actimetry values. Thus, 79
patients were included in the analyses.
The exclusion criterion was unstable
type 1 diabetes, that is, severe hypoglyce-
mic events or acidoketosis during the pre-
vious 30 days. A subsample of 37 patients
also performed a 24-h ambulatory blood
pressure monitoring (ABPM) on a separate
day, within 1 month after the actimetric
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measurement. All patients provided in-
formed consent and the study was
approved by institutional ethics commit-
tee (Sud-Est V, France). The protocol
was registered on clinicaltrial.gov
(NCT01017965).

Wrist actimetry

The Actiwatch AW7 (Cambridge Neuro-
technology Ltd., Cambridge, U.K)) is an
actigraph that measures activity by means
of a piezoelectric accelerometer that re-
cords the combination of intensity,
amount, and duration of movement, and
the corresponding voltage produced is
converted and stored as an activity count.
Activity counts were summed over 1-min
intervals, called epochs. The software
(Actiwatch activity and sleep analysis
7.31, Cambridge Neurotechnology Ltd.)
was set to detect activity with “medium”
sensitivity, that is, 40 counts per epoch.
Determination of sleep and wakefulness
by the software relies on an algorithm
that looks at each data point and
calculates a total score based on the activ-
ity counts from each epoch and those sur-
rounding it. The event marker button on
top of the Actiwatch had to be pressed
when the participants went to bed and
when they got up. The sleep analysis soft-
ware determines the start of sleep by
searching for a period of at least 10 min
of consecutively recorded immobile data
after bed time. To determine the end of
sleep, the software analyzed the end of
immobility corresponding to the time
when patients got up. In addition, a self-
reported sleep diary was completed
by participants to determine bedtime,
subjective sleep latency, wake-up and
get-up times, sleep duration, as well as
number of awakenings during the night,
as recommended (17). The Actiwatch-
AW7 was worn to the wrist during 3 con-
secutive days. This small device does not
affect the subject’s movements during
normal activity. The ability of the device
to measure sleep duration accurately and
objectively has been reported previously
(18). In addition to sleep duration, sleep
latency, sleep fragmentation, and sleep ef-
ficiency as well as daily activity were
analyzed automatically by the actimetry
software. These measurements have
been validated to be similar to those mea-
sured by polysomnography, the gold
standard (19,20).

Sleep questionnaires
Pittsburgh Sleep Quality Index. The
Pittsburgh Sleep Quality Index (PSQI)

examined seven components (sleep qual-
ity, sleep latency, sleep duration, habitual
sleep efficiency, sleep disturbances, use of
sleep medications, and daytime dysfunc-
tion). A global score was fulfilled by all
participants. With a total of 19 questions,
participants rated the components on a
scale of 0 to 3, with a possible total range
from O to 21 and with higher scores
indicating worse sleep quality (>5 =
poor sleepers) (21).

Berlin questionnaire. The Berlin ques-
tionnaire evaluated the risk of having a
sleep apnea syndrome (22). It consists of
10 questions on risk factors for OSA, sub-
divided into three symptom categories: 1)
snoring behavior and apnea (six points);
2) wake-time sleepiness or fatigue (three
points); and 3) the presence of obesity or
hypertension (two points). The patient
marks only one response per question
and the ultimate interpretation of the an-
swers suggests whether he or she has high
risk of OSA (positive) or not (negative). If
two or more categories are positive (cate-
gories 1 and 2: two or more points; cate-
gory 3: one or more points), a person is
considered at high risk of having OSA.
Those who denied having persistent
symptoms or who qualified for only one
symptom category were placed in the
lower-risk group.

International restless leg syndrome
severity score. For patients self-reporting
a restless leg syndrome, its severity was
assessed with the international restless
leg syndrome (IRLS) severity score. The
IRLS severity score rating scale comprises
10 questions that assess symptom severity
and frequency on a 40-point scale (0 =
no symptoms; 40 = very severe symp-
toms) (23).

Diabetes quality of life. Quality of life
was determined using the Diabetes Qual-
ity of Life (DQOL) questionnaire, as im-
plemented during the Diabetes Control
and Complications Trial and validated in
French (24). The DQOL questionnaire
was analyzed in five different subscales:
satisfaction with life, impact of diabetes,
social/vocational worry, diabetes-related
worry, and health perception. It is a
multiple-choice tool, with higher scores
indicating higher quality of life.

Biological measurements

HbA,. was measured by high-pressure
liquid chromatography (normal values
4-6%) (Varian II; Bio-Rad, Hercules,
CA). All HbA, . values also were presented
in millimoles per mole according to the
NGSP’s HbA;. converter (available at
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http://www.ngsp.org/convertl.asp). Mi-
croalbuminuria was measured by immu-
noturbidimetry (Nephelometer Analyser
II; Berhing, Marburg, Germany). The
level of microalbuminuria (milligrams
per liter) was assessed using a urine sam-
ple collected at least 6 weeks after any
urinary tract infections or acute hypergly-
cemic events and after exclusion of all
other causes of albuminuria.

24-h ABPM

The Enregistreur MAPA 90207-3Q
(Spacelabs Healthcare, Issaquah, WA)
was used to record 24-h ABPM with an
adapted-sized cuff. Blood pressure mea-
surements were performed every 15 min.
Blood pressure was considered nocturnal
between 10:00 p.m. and 6:00 A.m. Men and
women were considered to be nondippers
if they had a day/night systolic blood pres-
sure decrease of less than 10%. We in-
cluded in the nondipper group four
patients who were “reverse dippers,”
that is, those whose daytime blood pres-
sure was below the nocturnal blood pres-
sure. They were no “extreme dippers”
(nocturnal blood pressure dip >20%)
among our population.

Statistical analysis

Results are expressed as mean (SD) for
normally distributed variables and as
median (interquartile range) for nonnor-
mally distributed variables. Categorical
variables were presented as number (per-
centage). The normal distribution of re-
siduals was verified by stem and leaf plots
and by Shapiro-Wilk tests. Parameters
with skewed distributions (daily insulin
dose, diabetes duration, sleep latency)
were transformed by log or square root.
Age, BMI, and microalbuminuria re-
mained nonnormally distributed.

Patients presenting with sleep dura-
tion less than 6.5 h (first quartile) were
compared with patients with sleep dura-
tion longer than 6.5 h by ANOVA for
normally distributed variables and by the
Wilcoxon test for nonnormally distrib-
uted variables. Categorical variables were
compared by x” test or Fischer test. Sim-
ilar comparison tests were used to com-
pare dippers with nondippers in the
subsample of participants who per-
formed a 24-h ABPM.

Univariate Pearson correlations were
made to identify factors associated with
levels of HbA, .. All variables tending to be
associated with HbA;. (P < 0.2), that is,
short versus long sleep duration, diabetes
duration, DQOL score, and daily level of
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activity, were included in a multivariable
linear regression model to assess the rela-
tive contribution of each factor to HbA;,
levels.

The significance level was set at P <
0.05. All analyses were performed using
the SAS statistical package version 9.2
(SAS Institute, Cary, NC).

RESULTS —Characteristics of the whole
sample of patients and differences between
patients presenting with a shorter versus
longer sleep duration are reported in Table
1. Thirty-eight patients (49%) were full-
time workers; none were shift workers.
Seventeen patients (22%) were students,
11 (14%) were retired, and 12 (15%) did
not work (1 missing data for work activity).
The distribution of working status was not
different between those who slept for
shorter (<6.5 h) and longer (>6.5 h) du-
rations (P = 0.411). Patients with shorter
sleep duration presented with a higher
prevalence of known sleep apnea syn-
drome (19 vs. 5%; P = 0.040) and restless
leg syndrome (30 vs. 9%; P = 0.056) in
their medical history than patients with
longer sleep duration. The severity of rest-
less leg syndrome was also higher in pa-
tients with shorter sleep duration. Beside
known sleep apnea syndrome (8% of the
patients), 27% of all patients presented
with a positive score to the Berlin question-
naire, suggesting a high risk of undiag-
nosed sleep apnea syndrome. This risk
tended to be higher in patients with shorter
than with longer sleep duration (P =
0.060). Among patients with hypertension
(n=26), the use of B-blockers, angiotensin-
converting enzyme inhibitors, angiotensin
1T type 1 receptor blockers, calcium chan-
nel blockers, thiazide, or antihypertensive
therapy with central effect was not different
between the two groups. Finally, HbA.
was higher in patients with shorter sleep
duration than in patients with longer sleep
duration (8.5 [1.2] vs. 7.7 [1.0]% or 70
[13] vs. 60 [10] mmol/mol; P = 0.001)
(Fig. D.

Regression analyses

Univariate Pearson correlations were
computed to determine which variables
were associated with the level of HbA;..
Only the sleep duration dichotomized
(threshold 6.5 h) between shorter versus
longer sleep duration was significantly as-
sociated with HbA,.. Shorter sleep dura-
tion increased the mean level of HbA,. by
0.87% (10 mmol/mol). Diabetes duration,
DQOL score, and daily level of activity ten-
ded to be associated with HbA . levels (P <

0.2). Therefore, these variables were in-
cluded in a multivariable model along
with sleep duration dichotomized between
shorter versus longer sleep duration to as-
sess the relative contribution of each vari-
able to the level of HbA;.. Sleep duration
was the only variable independently asso-
ciated with the level of HbA;., and the
model explained 10% of the HbA;. vari-
ance. In this adjusted model, a 0.64%
(7 mmol/mol) increase in HbA, . level was
associated with shorter sleep duration.
24-h ABPM. In the subsample of patients
who performed a 24h-ABPM (n = 37), 12
patients presented with a dipping blood
pressure pattern, 21 were nondippers,
and 4 were reverse dippers. The four pa-
tients with a reverse dipping pattern were
associated with nondipper patients for the
analyses. The nondipping status of noc-
turnal blood pressure was found in 11 of
13 patients (85%) with shorter sleep du-
ration and in 14 of 24 patients (58%) with
longer sleep duration (P = 0.149, Fischer
test). Of note, in this subsample of pa-
tients, those with shorter sleep duration
also had higher levels of HbA, . than those
with longer sleep duration (8.9 [1.2] vs.
7.8 [0.8]% or 74 [14] vs. 61 [9] mmol/
mol, respectively; P = 0.002).

Compared with dipping patients, non-
dipping patients were more often men and
had shorter sleep duration, higher sleep
latency, and lower sleep efficiency than
dipping patients (Fig. 2). Diabetes dura-
tion, daily insulin dose, HbA; . levels, and
the presence of diabetes complications did
not differ among dippers and nondippers
(Table 2).

CONCLUSIONS —This study as-
sessed the potential role of sleep duration
on glycemic control in patients with type
1 diabetes. Sleep curtailment to less than
6.5 h was independently associated with a
higher level of HbA, .. Sleep duration was
assessed objectively by wrist actigraphy
when the majority of studies in the field
used only sleep questionnaires. In addi-
tion, patients presenting with a nondip-
ping pattern of nocturnal blood pressure
also had shorter sleep duration as well
as longer sleep latency and lower sleep
efficiency than patients with a normal
dipping pattern of nocturnal blood
pressure.

No study to date has specifically ex-
plored the effects of chronic sleep depriva-
tion on glycemic control in patients with
type 1 diabetes. However, several observa-
tions suggest that sleep deprivation may
impact plasma glucose/insulin homeostasis.

First, epidemiological studies (25-27) (see
Spiegel et al. [28] for a review) suggest that
short sleep duration is associated with an
increased incidence of type 2 diabetes.
Second, in patients without diabetes, ex-
perimental sleep deprivation was shown
to alter plasma glucose/insulin homeosta-
sis. Indeed, Spiegel et al. (29) performed a
study of 6 nights of sleep deprivation
(<4 h of sleep) in 11 healthy young
men, followed by 6 nights of sleep recov-
ery. An intravenous glucose tolerance test
was performed at the end of each period.
Sleep deprivation was associated with
40% decrease in glucose clearance and a
30% decrease in acute insulin response
compared with results in the same sub-
jects after sleep recovery. As a possible ex-
planation for the deterioration in plasma
glucose/insulin homeostasis during sleep
restriction, these subjects also showed
higher sympathetic activity and higher
late-afternoon and evening cortisol levels
after sleep restriction than after sleep re-
covery. These alterations were reproduced
in a second study by Spiegel et al. (30) in
which sleep deprivation also was associ-
ated with increased levels of the orexigenic
hormone ghrelin and with reduced levels
of leptin. Thus, sleep deprivation seems
to affect plasma glucose/insulin homeo-
stasis through several mechanisms:
1) sympathetic overactivity, 2) changes
in food intake—related hormones that are
likely to increase appetite, and 3) increa-
ses in hormones that up-regulate glu-
cose. These mechanisms are likely to
alter plasma glucose/insulin homeosta-
sis in patients with type 1 diabetes, and
therefore their glycemic control. Sympa-
thetic overactivity may also participate
to poor blood pressure control.

In a cohort including patients with
type 1 diabetes and their first- and
second-degree relatives, Estrada et al.
(2) showed that 40.9% of these subjects
slept insufficiently according to the U.S.
age-specific recommendations for sleep
duration. However, this study did not
provide an additional analysis of pa-
tients with type 1 diabetes separate
from their relatives without any diabe-
tes. Our group has conducted a pilot
study suggesting that patients with
type 1 diabetes might have an elevated
prevalence of sleep apnea syndrome
(31). Accordingly, the risk of having undi-
agnosed sleep apnea syndrome was high
(27%) in the current study. This risk tended
to be higher in shorter than in longer sleep-
ers, meaning that unknown sleep apnea
syndrome may have participated in the
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Table 1—Characteristics of patients

Total Shorter sleepers (<6.5 h) Longer sleepers (>6.5 h)
Characteristics (n=79) (n=21) (n=58) P value
Age (years) 40 (23-49) 43 (35-48) 38 (21-50) 0.477
Sex, n (%) 0.929
Male 37 (47) 10 (48) 27 (47)
Female 42 (53) 11 (52) 31 (53)
BMI (kg/ml) 23.3(21.9-26.0) 234 (21.9-27.7) 23.3(22.0-25.9) 0.581
Type 1 diabetes disease profile
Duration of disease (years) 16 (8-30) 21 (10-29) 13 (7-30) 0.370
HbA; (%) 7.9(1.1) 8.5(1.2) 7.7 (1.0) 0.001
HbA . (mmol/mol) 63 (12) 70 (13) 60 (10) 0.001
Daily insulin dose (Ul/24 h) 44 (31-62) 39 (32-58) 45 (30-62) 0.869
Type of insulin regimen, n (%) 0.959
Sequential insulin injections 38 (48) 10 (48) 28 (48)
External insulin pump 41 (52) 11 (52) 30 (52)
Retinopathy, n (%) 28 (36) 7 (35) 21 (36) 0.923
Moderate 15 (56) 4 (19) 11 (19)
Severe 5 (6) 1(5) 4 (7)
Proliferative 79 2 (10) 5(9)
Nephropathy, n (%) 16 (20) 6 (29) 10 (17) 0.343
Microalbuminuria 13 (16) 4 (19) 9 (16)
Macroalbuminuria 1(1) 0 (0) 1)
Renal deficiency 23 2 (10) 0 (0)
Microalbuminuria (mg/L) 11 (9-21) 11 (11-29) 11 (8.5-16) 0.181
DQOL score 78 (13) 73 (14) 80 (13) 0.061
Comorbidities
Hypertension, n (%) 26 (33) 10 (48) 16 (28) 0.094
Dyslipidemia, n (%) 16 (20) 7 (33) 9 (16) 0.113
Cardiovascular disease, n (%) 6 (8) 3(14) 3(5) 0.333
Smoking status 0.294
Current 9(12) 4(19) 5 (10)
Former 9 (12) 1(5) 8 (15)
Nonsmoker 55 (75) 16 (76) 39 (75)
Missing data 6 0 6
Known sleep apnea, n (%) 6 (8) 4(19) 203) 0.040
Insomnia, n (%) 6 (8) 2 (10) 4 (7) 0.654
Restless legs syndrome, n (%) 10 (15) 6 (30) 4(9) 0.056
Actimetry
Bedtime (h) 23.6(1.2) 0.2 (1.5) 23.4(1.0) 0.006
Wake-up time (h) 74@1.1) 6.8 (1.1) 7.7 (1.0) 0.001
Sleep duration (min) 423 (61) 353 (43) 449 (44) <0.001
Sleep latency (min) 5(11-17) 11 (4-18) 10 (5-16) 0.983
Sleep efficiency (%) 86.8 (4.7) 86.3(5.2) 87.0 (4.6) 0.588
Fragmentation index 26.2 (9.0) 26.3 (10.3) 26.2 (8.6) 0.980
Daily activity 179 (99) 204 (95) 170 (100) 0.191
Sleep questionnaires
Pittsburgh score 4 (6-8) 6 (3-10) 6 (4-8) 0.304
Positive Berlin questionnaire, n (%) 21 27) 9 (43) 12 21) 0.060
IRLS score 0(0-3) 4 (0-8) 0(0-1) 0.005

For continuous variables, normally distributed data are presented as mean (SD) and nonnormally distributed data as median (interquartile range). Data for categorical
variables are presented as n (%). Comparisons between short vs. normal sleepers have been made by one-way ANOVA for normally distributed continuous variables,
by the Wilcoxon test for nonnormally distributed continuous variables, and by x? or Fisher tests for categorical variables. Bold P values are statistically significant.

reduced sleep duration of these patients. By
contrast, the frequency of insomnia was not
different between shorter and longer sleep-
ers. Insomnia is defined by the difficulty to
initiate and/or maintain sleep but is not

necessarily associated with a reduction in
objectively measured sleep time. Interest-
ingly, Vgontzas et al. (32) have shown
that the risk of incident diabetes among in-
somniac patients was increased only in

patients with an objective sleep duration
of less than 5 h per night. Van Dijk et al.
(33) used questionnaires to assess subjec-
tive sleep characteristics of patients with
type 1 diabetes compared with control
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Figure 1—Distribution of HbA, levels in pa-
tients with shorter (<6.5 h) vs. longer (>6.5 h)
sleep duration. Comparisons between short
vs. normal sleepers were determined using one-
way ANOVA and were statistically significant
(P =0.001).

subjects without diabetes. They found
that subjective sleep quality was im-
paired in patients with type 1 diabetes
in relation to the sleep disturbance and
daytime dysfunction items of the PSQI.
They also presented higher levels of anx-
iety and depression in the Hospital Anx-
iety and Depression Scale than control
subjects.
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However, sleep duration, number of
short sleepers, and number of long sleep-
ers were not different in patients with type
1 diabetes compared with control subjects.
The mean sleep duration in the study by
Van Dijk et al. was 7.2 h/night in patients
and controls, which is comparable to the
mean sleep duration found in the whole
sample of patients in our study. Thus,
symptoms associated with diabetes, such
as thirst, nocturia, extreme glucose excur-
sions, and mood alterations, may interfere
with sleep quality and may contribute to
sleep fragmentation but do not seem to
alter sleep duration. In the present study,
patients with shorter or longer sleep dura-
tions did not present any difference in sleep
quality as assessed by the PSQIL However,
patients with shorter sleep duration had
delayed bedtime and earlier wake-up time
compared with longer sleepers. This trend
was observed at a population level using
the Munich ChronoType Questionnaire, a
simple, Internet-based questionnaire (34).
Indeed, sleep duration has been reduced
over the past decade by delaying bedtime,
whereas get-up time on workdays has not
changed. The sleep debt is often compen-
sated for by oversleeping on free days,
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which induces a “social jetlag,” which is a
chronic change in circadian rhythm every
several days (35). These new paradigms
may participate in glucose variability in
type 1 diabetes. Further studies inquiring
about the reason(s) for shorter sleep dura-
tion (e.g., voluntary sleep curtailment, con-
straints linked to professional status) or
other factors and their specific effect on glu-
cose control in patient with diabetes are
warranted.

Nocturnal blood pressure has a nor-
mal decline of more than 10% compared
with daytime blood pressure, corre-
sponding to the so-called dipping status.
In type 1 diabetes, nondipping status is
more prevalent (36) and is associated
with increased risks for sustained hyper-
tension, retinopathy, and nephropathy
(15,36,37). Our group has previously
shown that shorter sleep duration, as-
sessed by a one-night polysomnography
in a sleep laboratory, was associated
with a nondipping pattern of blood pres-
sure in patients with type 1 diabetes (11).
In this previous study, patients spent the
night in a sleep laboratory while polysom-
nography, 24-h ABPM, and continuous
glucose monitoring were performed

*
H dippers
Onondippers
%
| dippers
Onondippers

Figure 2—Sleep characteristics of patients with a dipping vs. nondipping pattern of nocturnal blood pressure. A: Sleep duration. B: Sleep latency.
C: Fragmentation index. D: Sleep efficiency derived from actimetric measurement. Results are mean (SD). For each patient, the data were the mean
of the 3 consecutive days of measurements. *P < 0.05.
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Table 2—Characteristics of patients with dipping vs. nondipping blood pressure patterns

Total Nondippers Dippers
Characteristics (n=37) (n=25) n=12) P value
Age (years) 44 (13) 42 (12) 49 (13) 0.087
Sex, n (%) 0.046
Male 18 (49) 15 (60) 3(25)
Female 19 (51) 10 (40) 9 (75)
BMI (kg/m?) 259 (4.7) 25.1 (4.0) 275(5.7) 0.150
Antihypertensive drugs, n (%)
B-Blockers 2 (6) 14) 1(8) 1.000
Angiotensin conversion enzyme
inhibitors 10 (29) 7 (30) 3(25) 1.000
Angiotensin Il type 1 receptor
blockers 9 (26) 522) 4 (33) 0.686
Calcium channel blocker 8 (23) 522) 3 (25) 1.000
Thiazide 41D 3(12) 1(8) 1.000
Actimetry
Sleep duration (min) 414 (67) 398 (65) 446 (64) 0.045
Sleep >6.5 h, n (%) 24 (65) 14 (58) 10 (42) 0.149
Sleep latency (min) 5(11-18) 12 (8-24) 6 (4-10)  0.003
Sleep efficiency (%) 86.4 (5.1) 84.6 (4.9) 89.8 (3.6) 0.003
Fragmentation index 28.5(9.9) 30.2 (9.5) 25.1(10.2) 0.144
Daily activity 226 (83) 225 (88) 228 (76) 0.909
Sleep questionnaires
Pittsburgh score 74) 7(5) 72) 0.695
Positive Berlin questionnaire, n (%) 14 (40) 8 (35) 6 (50) 0477
IRLS score 0 (0-3) 0 (0-5) 1(0-1) 0.329
24-h Ambulatory BP (mmHg)
Systolic BP
Mean 129 (12) 129 (14) 129 (8) 0.955
Daytime 132 (12) 131 (13) 136 (8) 0.218
Nighttime 120 (115-128) 121 (117-136) 117 (113-123) 0.108
Diastolic BP
Mean 76 (7) 77 (8) 75 (6) 0.390
Daytime 80 (7) 79 (8) 80 (6) 0.784
Nighttime 69 (66-73) 70 (67-73) 66 (66-71) 0.027

For continuous variables, normally distributed data are presented as mean (SD) and nonnormally distributed
data as median (interquartile range). Data for categorical variables are presented as n (%). Comparisons
between dippers vs. nondippers have been made by one-way ANOVA on normalized data for continuous
variables and by x* or Fisher tests for categorical variables. Bold P values are statistically significant. BP, blood

pressure.

simultaneously. The current study as-
sessed sleep duration using wrist actime-
try at home and over 3 consecutive days
to be closer to the routine sleep habits of
patients. Results were concordant since
patients with a nondipping blood pres-
sure pattern had shorter sleep duration
but longer sleep latency and lower sleep
efficiency than patients with a dipping
blood pressure pattern.

Thus the present results show that
short sleep duration is associated with
deteriorated glycemic control and noc-
turnal blood pressure pattern in patients
with type 1 diabetes. Both conditions are
associated with an increased risk of de-
veloping microvascular complications
(15,37,38). Thus, short sleep duration

could affect the development of retinop-
athy and nephropathy by deteriorating
synergistic glycemic levels and blood
pressure in patients with type 1 diabe-
tes. Further studies should address the
efficiency of educational interventions
aimed at enhancing sleep duration on
glycemic levels and nocturnal blood
pressure.
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