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RESEARCH DESIGN AND METHODSdSeventy-nine adult patients with type 1 diabetes (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.
RESULTSdPatients having shorter sleep durationdless than 6.5 h (n = 21)dhad higher levels
of HbA1c (P = 0.01) than patients with longer sleep duration, above 6.5 h (n = 58). In a multivariable regression model including shorter versus longer sleep duration, diabetes duration, DQOL
score, and daily activity, sleep duration was the only variable independently associated with
HbA1c (R2 = 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.
CONCLUSIONSdShorter sleep duration is associated with higher HbA1c levels in patients
with type 1 diabetes, as well as with a nondipping pattern of blood pressure, anticipating a longterm deleterious impact on the risk of microvascular complications. Further studies should test
whether extending the duration of sleep may improve both HbA1c and blood pressure in type 1
diabetes.
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oluntary sleep curtailment is spreading among our societies, particularly
in children and adolescents (1). Such
chronic sleep deprivation is also frequent
among patients suffering from type 1 diabetes as well as their families (2). Several
prospective cohorts in the general population 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 downregulation 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 sensitivity (10).
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RESEARCH DESIGN AND
METHODSdAdults with type 1 diabetes (81 men and women) (16) were recruited prospectively and at random
from an outpatient clinic during the period ranging from December 2009 until
April 2012. Participants were asked to
wear a wrist actigraphy sensor for 3 consecutive days to objectively measure sleep
duration in “real-life” conditions. One patient dropped out. One patient had invalid wrist actimetry values. Thus, 79
patients were included in the analyses.
The exclusion criterion was unstable
type 1 diabetes, that is, severe hypoglycemic events or acidoketosis during the previous 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
care.diabetesjournals.org
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OBJECTIVEdSleep 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 HbA1c levels in patients with
type 1 diabetes.

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 demonstrate the normal 10% decrease compared
with daytime values. No study has yet addressed the question of the potential deleterious effect of sleep curtailment on
HbA 1c in type 1 diabetes. Priou et al.
(12) recently have shown that sleep apnea
syndrome (obstructive sleep apnea
[OSA]) was associated with increased levels of HbA1c 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 association of total sleep time with HbA1c.
Strict control of HbA 1c 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 patterns in patients with type 1 diabetes.

Borel and Associates
measurement. All patients provided informed consent and the study was
approved by institutional ethics committee (Sud-Est V, France). The protocol
was registered on clinicaltrial.gov
(NCT01017965).

Sleep questionnaires
Pittsburgh Sleep Quality Index. The
Pittsburgh Sleep Quality Index (PSQI)
care.diabetesjournals.org

Biological measurements
HbA1c was measured by high-pressure
liquid chromatography (normal values
4–6%) (Varian II; Bio-Rad, Hercules,
CA). All HbA1c values also were presented
in millimoles per mole according to the
NGSP’s HbA 1c converter (available at

http://www.ngsp.org/convert1.asp). Microalbuminuria was measured by immunoturbidimetry (Nephelometer Analyser
II; Berhing, Marburg, Germany). The
level of microalbuminuria (milligrams
per liter) was assessed using a urine sample collected at least 6 weeks after any
urinary tract infections or acute hyperglycemic 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 measurements 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 pressure decrease of less than 10%. We included in the nondipper group four
patients who were “reverse dippers,”
that is, those whose daytime blood pressure was below the nocturnal blood pressure. 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 nonnormally distributed variables. Categorical
variables were presented as number (percentage). The normal distribution of residuals 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 remained nonnormally distributed.
Patients presenting with sleep duration less than 6.5 h (ﬁrst quartile) were
compared with patients with sleep duration longer than 6.5 h by ANOVA for
normally distributed variables and by the
Wilcoxon test for nonnormally distributed variables. Categorical variables were
compared by x2 test or Fischer test. Similar comparison tests were used to compare dippers with nondippers in the
subsample of participants who performed a 24-h ABPM.
Univariate Pearson correlations were
made to identify factors associated with
levels of HbA1c. All variables tending to be
associated with HbA1c (P , 0.2), that is,
short versus long sleep duration, diabetes
duration, DQOL score, and daily level of
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Wrist actimetry
The Actiwatch AW7 (Cambridge Neurotechnology Ltd., Cambridge, U.K.) is an
actigraph that measures activity by means
of a piezoelectric accelerometer that records 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 activity counts from each epoch and those surrounding 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 software 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 selfreported 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 ActiwatchAW7 was worn to the wrist during 3 consecutive 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 efﬁciency as well as daily activity were
analyzed automatically by the actimetry
software. These measurements have
been validated to be similar to those measured by polysomnography, the gold
standard (19,20).

examined seven components (sleep quality, sleep latency, sleep duration, habitual
sleep efﬁciency, sleep disturbances, use of
sleep medications, and daytime dysfunction). 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 0 to 21 and with higher scores
indicating worse sleep quality (.5 =
poor sleepers) (21).
Berlin questionnaire. The Berlin questionnaire evaluated the risk of having a
sleep apnea syndrome (22). It consists of
10 questions on risk factors for OSA, subdivided 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 answers suggests whether he or she has high
risk of OSA (positive) or not (negative). If
two or more categories are positive (categories 1 and 2: two or more points; category 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 symptoms) (23).
Diabetes quality of life. Quality of life
was determined using the Diabetes Quality of Life (DQOL) questionnaire, as implemented 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.

Sleep duration and HbA1c in type 1 diabetes
activity, were included in a multivariable
linear regression model to assess the relative contribution of each factor to HbA1c
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).

Regression analyses
Univariate Pearson correlations were
computed to determine which variables
were associated with the level of HbA1c.
Only the sleep duration dichotomized
(threshold 6.5 h) between shorter versus
longer sleep duration was signiﬁcantly associated with HbA1c. Shorter sleep duration increased the mean level of HbA1c by
0.87% (10 mmol/mol). Diabetes duration,
DQOL score, and daily level of activity tended to be associated with HbA1c levels (P ,
2904

CONCLUSIONSdThis study assessed 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 HbA1c. Sleep duration was
assessed objectively by wrist actigraphy
when the majority of studies in the ﬁeld
used only sleep questionnaires. In addition, patients presenting with a nondipping 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 explored the effects of chronic sleep deprivation on glycemic control in patients with
type 1 diabetes. However, several observations suggest that sleep deprivation may
impact plasma glucose/insulin homeostasis.
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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, experimental sleep deprivation was shown
to alter plasma glucose/insulin homeostasis. 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 recovery. 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 subjects after sleep recovery. As a possible explanation 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 recovery. These alterations were reproduced
in a second study by Spiegel et al. (30) in
which sleep deprivation also was associated with increased levels of the orexigenic
hormone ghrelin and with reduced levels
of leptin. Thus, sleep deprivation seems
to affect plasma glucose/insulin homeostasis through several mechanisms:
1) sympathetic overactivity, 2) changes
in food intake–related hormones that are
likely to increase appetite, and 3) increases in hormones that up-regulate glucose. These mechanisms are likely to
alter plasma glucose/insulin homeostasis in patients with type 1 diabetes, and
therefore their glycemic control. Sympathetic 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 patients with type 1 diabetes separate
from their relatives without any diabetes. 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 undiagnosed sleep apnea syndrome was high
(27%) in the current study. This risk tended
to be higher in shorter than in longer sleepers, meaning that unknown sleep apnea
syndrome may have participated in the
care.diabetesjournals.org
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RESULTSdCharacteristics 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 fulltime 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) durations (P = 0.411). Patients with shorter
sleep duration presented with a higher
prevalence of known sleep apnea syndrome (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 restless leg syndrome was also higher in patients 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 questionnaire, suggesting a high risk of undiagnosed 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, angiotensinconverting enzyme inhibitors, angiotensin
II type 1 receptor blockers, calcium channel blockers, thiazide, or antihypertensive
therapy with central effect was not different
between the two groups. Finally, HbA1c
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. 1).

0.2). Therefore, these variables were included in a multivariable model along
with sleep duration dichotomized between
shorter versus longer sleep duration to assess the relative contribution of each variable to the level of HbA1c. Sleep duration
was the only variable independently associated with the level of HbA1c, and the
model explained 10% of the HbA1c variance. In this adjusted model, a 0.64%
(7 mmol/mol) increase in HbA1c 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 patients with a reverse dipping pattern were
associated with nondipper patients for the
analyses. The nondipping status of nocturnal blood pressure was found in 11 of
13 patients (85%) with shorter sleep duration and in 14 of 24 patients (58%) with
longer sleep duration (P = 0.149, Fischer
test). Of note, in this subsample of patients, those with shorter sleep duration
also had higher levels of HbA1c 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, nondipping patients were more often men and
had shorter sleep duration, higher sleep
latency, and lower sleep efﬁciency than
dipping patients (Fig. 2). Diabetes duration, daily insulin dose, HbA1c levels, and
the presence of diabetes complications did
not differ among dippers and nondippers
(Table 2).
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Table 1dCharacteristics of patients
Total
(n = 79)

Characteristics

40 (23–49)
37 (47)
42 (53)
23.3 (21.9–26.0)

43 (35–48)

Longer sleepers (.6.5 h)
(n = 58)
38 (21–50)

10 (48)
11 (52)
23.4 (21.9–27.7)

27 (47)
31 (53)
23.3 (22.0–25.9)

16 (8–30)
7.9 (1.1)
63 (12)
44 (31–62)

21 (10–29)
8.5 (1.2)
70 (13)
39 (32–58)

13 (7–30)
7.7 (1.0)
60 (10)
45 (30–62)

38 (48)
41 (52)
28 (36)
15 (56)
5 (6)
7 (9)
16 (20)
13 (16)
1 (1)
2 (3)
11 (9–21)
78 (13)

10 (48)
11 (52)
7 (35)
4 (19)
1 (5)
2 (10)
6 (29)
4 (19)
0 (0)
2 (10)
11 (11–29)
73 (14)

28 (48)
30 (52)
21 (36)
11 (19)
4 (7)
5 (9)
10 (17)
9 (16)
1 (2)
0 (0)
11 (8.5–16)
80 (13)

26 (33)
16 (20)
6 (8)

10 (48)
7 (33)
3 (14)

16 (28)
9 (16)
3 (5)

9 (12)
9 (12)
55 (75)
6
6 (8)
6 (8)
10 (15)

4 (19)
1 (5)
16 (76)
0
4 (19)
2 (10)
6 (30)

5 (10)
8 (15)
39 (75)
6
2 (3)
4 (7)
4 (9)

0.2 (1.5)
6.8 (1.1)
353 (43)
11 (4–18)
86.3 (5.2)
26.3 (10.3)
204 (95)

23.4 (1.0)
7.7 (1.0)
449 (44)
10 (5–16)
87.0 (4.6)
26.2 (8.6)
170 (100)

23.6 (1.2)
7.4 (1.1)
423 (61)
5 (11–17)
86.8 (4.7)
26.2 (9.0)
179 (99)
4 (6–8)
21 (27)
0 (0–3)

6 (3–10)
9 (43)
4 (0–8)

6 (4–8)
12 (21)
0 (0–1)

P value
0.477
0.929

0.581
0.370
0.001
0.001
0.869
0.959

0.923

0.343

0.181
0.061
0.094
0.113
0.333
0.294

0.040
0.654
0.056
0.006
0.001
,0.001
0.983
0.588
0.980
0.191
0.304
0.060
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 x2 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 sleepers. Insomnia is deﬁned by the difﬁculty to
initiate and/or maintain sleep but is not
care.diabetesjournals.org

necessarily associated with a reduction in
objectively measured sleep time. Interestingly, Vgontzas et al. (32) have shown
that the risk of incident diabetes among insomniac 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 subjective sleep characteristics of patients with
type 1 diabetes compared with control
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Age (years)
Sex, n (%)
Male
Female
BMI (kg/m2)
Type 1 diabetes disease proﬁle
Duration of disease (years)
HbA1c (%)
HbA1c (mmol/mol)
Daily insulin dose (UI/24 h)
Type of insulin regimen, n (%)
Sequential insulin injections
External insulin pump
Retinopathy, n (%)
Moderate
Severe
Proliferative
Nephropathy, n (%)
Microalbuminuria
Macroalbuminuria
Renal deﬁciency
Microalbuminuria (mg/L)
DQOL score
Comorbidities
Hypertension, n (%)
Dyslipidemia, n (%)
Cardiovascular disease, n (%)
Smoking status
Current
Former
Nonsmoker
Missing data
Known sleep apnea, n (%)
Insomnia, n (%)
Restless legs syndrome, n (%)
Actimetry
Bedtime (h)
Wake-up time (h)
Sleep duration (min)
Sleep latency (min)
Sleep efﬁciency (%)
Fragmentation index
Daily activity
Sleep questionnaires
Pittsburgh score
Positive Berlin questionnaire, n (%)
IRLS score

Shorter sleepers (,6.5 h)
(n = 21)

Sleep duration and HbA1c in type 1 diabetes

subjects without diabetes. They found
that subjective sleep quality was impaired 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 anxiety and depression in the Hospital Anxiety and Depression Scale than control
subjects.

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 duration (e.g., voluntary sleep curtailment, constraints linked to professional status) or
other factors and their speciﬁc effect on glucose control in patient with diabetes are
warranted.
Nocturnal blood pressure has a normal decline of more than 10% compared
with daytime blood pressure, corresponding to the so-called dipping status.
In type 1 diabetes, nondipping status is
more prevalent (36) and is associated
with increased risks for sustained hypertension, retinopathy, and nephropathy
(15,36,37). Our group has previously
shown that shorter sleep duration, assessed by a one-night polysomnography
in a sleep laboratory, was associated
with a nondipping pattern of blood pressure in patients with type 1 diabetes (11).
In this previous study, patients spent the
night in a sleep laboratory while polysomnography, 24-h ABPM, and continuous
glucose monitoring were performed

Figure 2dSleep 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.
2906
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Figure 1dDistribution of HbA1c levels in patients with shorter (,6.5 h) vs. longer (.6.5 h)
sleep duration. Comparisons between short
vs. normal sleepers were determined using oneway ANOVA and were statistically signiﬁcant
(P = 0.001).

However, sleep duration, number of
short sleepers, and number of long sleepers 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 excursions, 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 durations did not present any difference in sleep
quality as assessed by the PSQI. 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 compensated for by oversleeping on free days,

Borel and Associates
Table 2dCharacteristics of patients with dipping vs. nondipping blood pressure patterns

Characteristics

Nondippers
(n = 25)

Dippers
(n = 12)

P value

44 (13)

42 (12)

49 (13)

18 (49)
19 (51)
25.9 (4.7)

15 (60)
10 (40)
25.1 (4.0)

3 (25)
9 (75)
27.5 (5.7)

0.150

2 (6)

1 (4)

1 (8)

1.000

10 (29)

7 (30)

3 (25)

1.000

9 (26)
8 (23)
4 (11)

5 (22)
5 (22)
3 (12)

4 (33)
3 (25)
1 (8)

0.686
1.000
1.000

414 (67)
24 (65)
5 (11–18)
86.4 (5.1)
28.5 (9.9)
226 (83)

398 (65)
14 (58)
12 (8–24)
84.6 (4.9)
30.2 (9.5)
225 (88)

446 (64)
10 (42)
6 (4–10)
89.8 (3.6)
25.1 (10.2)
228 (76)

0.045
0.149
0.003
0.003
0.144
0.909

7 (4)
14 (40)
0 (0–3)

7 (5)
8 (35)
0 (0–5)

7 (2)
6 (50)
1 (0–1)

0.087
0.046

0.695
0.477
0.329

129 (12)
129 (14)
129 (8)
0.955
132 (12)
131 (13)
136 (8)
0.218
120 (115–128) 121 (117–136) 117 (113–123) 0.108
76 (7)
80 (7)
69 (66–73)

77 (8)
79 (8)
70 (67–73)

75 (6)
80 (6)
66 (66–71)

0.390
0.784
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 x2 or Fisher tests for categorical variables. Bold P values are statistically signiﬁcant. BP, blood
pressure.

simultaneously. The current study assessed sleep duration using wrist actimetry 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 pressure 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 nocturnal blood pressure pattern in patients
with type 1 diabetes. Both conditions are
associated with an increased risk of developing microvascular complications
(15,37,38). Thus, short sleep duration
care.diabetesjournals.org

could affect the development of retinopathy and nephropathy by deteriorating
synergistic glycemic levels and blood
pressure in patients with type 1 diabetes. 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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