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Abstract

Background: Sleep behavior is changing toward shorter sleep duration and a later chronotype. It results in a sleep 

debt that is acquitted on work-free days, inducing a small but recurrent sleep misalignment each week, referred to as 

“social jetlag”. These sleep habits could affect health through misalignment with circadian rhythms.

Objectives: The primary objective is to address the impact of sleep behavior on glycemic control, assessed by HbA1c,  

in patients with type 1 diabetes, independently of other lifestyle or sleep-related factors. The secondary objective is  

to address whether circadian phase affects glycemic control.

Design: In total, 80 adult patients with type 1 diabetes (46% female) were included in a clinical cohort study.

Methods: Sleep behavior was addressed objectively by a 7-day actimetry, lifestyle by questionnaires, sleep breathing 

disorders by nocturnal oximetry and circadian phase by dim light melatonin onset (DLMO).

Results: Univariate analyses showed that chronotype (r = 0.23, P = 0.042) and social jetlag (r = 0.30, P = 0.008) were 

significantly associated with HbA1c. In multivariable analysis, social jetlag was the only sleep habit independently 

associated with HbA1c (β = 0.012 (0.006; 0.017), P < 0.001). HbA1c was lower in patients with a social jetlag below versus 

above the median (7.7% (7.1–8.7) and 8.7% (7.6–9.8), P = 0.011). DLMO was not associated with HbA1c. However, the 

later the DLMO, the worse the sleep efficiency (r = −0.41, P < 0.001) and fragmentation index (r = 0.35, P = 0.005).

Conclusions: Social jetlag, a small but recurrent circadian misalignment, is associated with worse glycemic control 

in type 1 diabetes, whereas circadian phase is not. Further intervention studies should address the potential 

improvement of glycemic control by correcting social jetlag.

Introduction

Sleep behavior in the general population is changing 
toward shorter sleep duration and a later chronotype 
(i.e., the tendency to go to bed and wake up later) (1). 
Having a late chronotype but with wake-up time under 
the constraints of a social schedule leads to a reduction 
in sleep duration on working days. This results in a sleep 
debt that is acquitted on work-free days, inducing a small 
but recurrent sleep misalignment each week, between 
working and free days. This misalignment has been 
referred to as “social jetlag” (2).

Such societal changes lead to adverse health outcomes. 
In patients with diabetes, the impact of sleep behavior on 
metabolic health has received increasing attention (3). 
Patients with type 1 diabetes, who slept less than 6.5 h 
a night, have poorer glycemic control (4). In addition, 
patients with type 2 diabetes who present with a late 
chronotype have a worse glycemic control, independent 
of body weight (5).

However, sleep behavior is likely to be associated 
with other lifestyle factors that could be confounders for 
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any association between sleep behavior and glycemic 
control. The social gradient of health is known to affect 
outcomes of patients with type 1 diabetes (6). Conversely, 
socioeconomic status (7) and workplace social capital (job 
demand, job control and social support at work) are known 
to affect sleep behavior (8). In addition, sleep behavior 
might also affect eating habits (9). These eating habits as 
well as sleep diseases could be potential confounders for the 
relationship between sleep behavior and glycemic control.

The main objective of the study is to evaluate which 
specific sleep behavior, that is, sleep duration, sleep debt, 
chronotype or social jetlag, might be related to glycemic 
control independently of other lifestyle or sleep-related 
factors.

The second objective of the study is to evaluate 
whether circadian phase and misalignment between 
circadian phase and social time may interact with 
glycemic control.

Subjects and methods

A total of 81 patients with type 1 diabetes were prospectively 
recruited from the outpatient clinic and from educational 
programs in Grenoble University Hospital (France) 
between January 2014 and November 2014. One patient 
dropped-out for personal reasons immediately after 
inclusion. Thus, 80 patients were analyzed. See Fig. 1 for 
flowchart. The inclusion criteria for the study were adult 
patients with type 1 diabetes, without upper limit for age. 
The exclusion criteria were pregnancy, acute diabetes-
related disorder (severe hypoglycemia or acidoketosis) 
within the last 3 months and shift work. Sleep behavior 
has been assessed objectively by a 7-day wrist actimetry. 
The other lifestyle factors were carefully collected 

(socioeconomic status, job strain and dietary habits).  
Sleep breathing disorders were screened by nocturnal 
oximetry. Circadian phase was estimated by dim light 
melatonin onset (DLMO). The main outcome was 
glycemic control, as estimated by glycated hemoglobin.

Study design: clinical cohort study

Patients underwent a medical examination and 
anthropometric measurements by the same investigator 
(SL) who also collected their medical history and the 
following data. Each patient-signed consent was obtained 
after full explanation of the purpose and nature of all 
procedures used. The study was approved by the ethics 
committee Sud-Est V (IRB 6705).

Questionnaires

Patients were asked about their familial status (living 
alone or living as a couple, number of children), level of 
education and employment status. Precarity was assessed 
by the “Evaluation de la Précarité et des Inégalités de 
santé dans les Centres d’Examens de Santé” (EPICES) 
questionnaire (10). This is a French questionnaire 
(Assessment of insecurity and health Inequalities in 
Health Examination Centers) giving a continuous score 
ranging between 0 (absence of precarity) and 100 (highest 
level of precarity) with a threshold set at 30.

Job strain was assessed by the KARASEK questionnaires. 
The demand–control model proposed by KARASEK 
defines job strain as a consequence of the combination 
of high psychological job demands and low job decision 
latitude. The patients are classified into three conditions: 
(i) without job strain, (ii) with job strain and (iii) with job 
strain and social isolation at work (11).

The 24-h dietary recall was realized by interview and 
was unexpected by patients as it was performed on the 
day of inclusion. Patients reported the timing, content 
and quantity of food consumption during the last 24 h. 
Evening collation refers to a small quantity of food taken 
after dinner, in a later and separate time than dinner (12).

Wrist actimetry

The Actiwatch-AW7 (Cambridge Neurotechnology Ltd, 
Cambridge, UK) is an actigraph measuring activity by 
means of a piezoelectric accelerometer that records the 
combination of intensity and amount and duration of 
movement, and the corresponding voltage produced is 
converted and stored as an activity count. The software 

Figure 1

Flowchart.

http://www.eje-online.org
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(Actiwatch Activity and Sleep analysis 7.31; CamNtech Ltd)  
was set to detect activity with “medium” sensitivity, that is, 
40 counts per epoch. The event marker button on top of the 
Actiwatch had to be pressed at bedtime and getup time. The 
sleep analysis software determines sleep start by searching 
for a period of at least 10 min of consecutively recorded 
immobile data following bedtime. To determine the end 
of sleep, the software analyzed the end of immobility 
corresponding to the getup time event (13). In addition, a 
self-reported sleep diary was completed by participants to 
determine bedtime, subjective sleep latency, wake-up and 
getup time, as well as number of awakenings during the 
night, as recommended (14). The Actiwatch-AW7 was worn 
on the wrist for seven consecutive days. In addition to sleep 
duration, sleep latency (i.e., time to get to sleep after going 
to bed), sleep fragmentation index (i.e., total number of 
awakenings divided by total sleep time) and sleep efficiency 
(i.e., percentage of time spent asleep reported on time spent in 
bed) were automatically analyzed by the actimetry software. 
These measurements have been validated to be similar to 
those measured by the gold standard, polysomnography 
(15). Sleep debt was calculated as the absolute value of 
mean sleep duration per night during weekends (Friday 
and Saturday nights) minus mean sleep duration per night 
during the week (5, 16). Chronotype was calculated as the 
mid-sleep time (midpoint between sleep onset and wake-up 
time) on free days (MSF) with further correction for sleep 
debt as follows: Chronotype = MSF – 0.5 × sleep debt (16). 
Social jetlag, defined as the circadian misalignment induced 
by a social schedule (2), was calculated as the absolute 
difference between mid-sleep time on free days and week 
days (MSW) = |MSW – MSF|. This definition was also used 
for unemployed subjects taking into account that social 
constraints might be different between week and weekend, 
based on children or non-working activities. Finally, it has 
been shown that season of assessment could have an effect 
on sleep duration, chronotype and social jetlag (17). Thus, 
season of assessment was taken into account, described as 
“daylight saving time” for the summer period where social 
time is 1-h in advance (end of March to end of October) 
and “standard time” for the winter period (end of October 
to end of March) (17).

Nighttime pulse oximetry

Patients were screened for obstructive sleep apnea by 
nocturnal oximetry with NONIN 2500 finger pulse 
oximeter (Nonin Medical Inc, Minneapolis, MN, USA). 
Threshold was 3% oxygen desaturation index (ODI) above 
10 events/h (18).

Biological measurements

Melatonin concentrations were measured from saliva 
samples collected every 30 min, starting from 19:30 
until 22:30. DLMO usually occurs within this time 
interval (19). Participants were allowed to drink 
only water and had no fluids for 25 min before each 
sample collection. Saliva was collected under dim light 
conditions (<50 lux) defined as a room with lights 
out expect for a small, distant light or TV screen. The 
radioimmunoassay had an intra-assay precision of <5% 
and an inter-assay precision of 7.0% (Melatonin direct 
Saliva RIA IBL International GMBH, Flughafenstrasse 
52a D-22335 Hamburg, Germany). The limit of 
detection for this assay was 0.3 pg/mL. For some time 
points with inadequate saliva volume, determination 
of melatonin concentrations was not possible. Patients 
were included in melatonin analyses if they had at least 
four out of the seven possible measurements. Where 
melatonin production is low, the definition of DLMO 
depends on baseline data availability (20), which we did 
not have. Therefore, to use an objective criterion, the 
30-min epoch in which the greatest rise in melatonin 
occurred was retained to define DLMO. For statistical 
analysis, the time at the end of this epoch was chosen 
as the DLMO, as proposed previously (21).

HbA1c was measured to reflect 3-month glycemic 
control, unaffected by acute variation of plasmatic 
glycemia (high-pressure liquid chromatography, 
Varian II; Bio-Rad). Microalbuminuria was measured 
by immunoturbidimetry (Nephelometer Analyser II; 
Behring, Marburg, Germany). Plasma HDL-cholesterol, 
triglycerides, LDL-cholesterol and creatinine levels  
were determined according to standardized procedures 

(22, 23, 24).

Estimated glucose disposal rate (eGDR)

To estimate insulin sensitivity, eGDR was calculated as fol-
lows: eGDR (mg/kg/min) = 21.158 + (−0.09 × waist circum-
ference) + (−3.407 × hypertension) + (−0.551 × HbA1c) as 
validated (25, 26).

Statistical analysis

Sample size was estimated based on a previous study (4).
The normal distribution of variables was verified by 

the Shapiro–Wilk test. Skewed variables that were not 
normalized despite mathematical transformation were 
then tested by non-parametric tests where necessary.

http://www.eje-online.org
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Sleep behavior parameters were extracted from 
actimetry when available and from the sleep diary when 
actimetric data were missing (n = 4), as recommended (14). 
Other missing values (always below 10%) were replaced 
by medians.

Main objective: Crude associations with HbA1c 
were tested by Pearson’s or Spearman’s correlations, 
for normally and not normally distributed variables 
respectively. ANOVA tests were used to address association 

between qualitative variables and HbA1c. All univariate 
associations that demonstrated a P-value below 0.2 for 
their link to HbA1c were then entered in a multivariable 

Figure 2

Univariate correlations between social jetlag (Spearman’s 

correlation), Log chronotype (Pearson’s correlation) and HbA1c.

Table 1 Characteristics of subjects. Data are presented as 

mean (s.d.) if normally distributed or median (IQR) if not 

normally distributed. Qualitative variables are presented by 

frequency.

n = 80

Age (years) 41 (27–51)
Female (n %) 37 (46)
BMI (kg/m2) 24.4 (3.8)
Characteristics of diabetes
 Diabetes duration (years) 13.75 (9.25–24.50)
 Daily insulin doses (IU) 44 (19)
 eGDR (mg/kg/min) 8.68 (6.41–9.62)
 HbA1c (%) 8.3 (1.5)
 HbA1c (mmol/mol) 67.2 (12.1)
 Retinopathy (n %) 24 (30)
 Nephropathy (n %) 8 (11)
 Sensitive neuropathy (n %) 9 (11)
 Vegetative neuropathy (n %) 4 (5)
 Cardiac autonomic neuropathy 10 (13)
 Foot ulceration (n %) 3 (4)
Other cardiovascular risk factors
Tobacco consumption
 None/former 56 (70)
 Current 24 (30)
 Hypertension (n %) 20 (25)
 Dyslipidemia (n %) 20 (25)
 HDL-C (mmol/L) 1.57 (0.43)
 LDL-C (mmol/L) 2.53 (0.88)
 Triglycerides (mmol/L) 0.89 (0.72–1.19)
Oximetry
 ODI (events/h) 2.40 (1.57–5.64)
 ODI>10 (n %) 9 (11)
Actimetry
 Sleep duration (min) 458 (53)
 Sleep debt (min/week) 60 (25–96)
 Chronotype (h:min) 04:03 (03:37–04:43)
 Social jetlag (min) 49 (24–79)
Distribution of caloric intake (%)
 Breakfast 14.9 (2.2–24.0)
 Lunch 44.6 (35.7–51.4)
 Dinner 38.3 (30.6–45.7)
 Late evening collation (n %) 5 (6)
 Coffee (units/d) 2 (1–4)
 Tea (units/d) 0 (0–2)

BMI, body mass index; eGDR, estimated glucose disposal rate; HDL, 
high-density lipoprotein; LDL, low-density lipoprotein; ODI, oxygen 
desaturation index.

Table 2 Relative contribution toward the variance of HbA1c. 

Analyses were made by a multiple variable forward regression 

model in which all variables associated with a P-value below 

0.2 in univariate analyses were entered. Marital status was 

separated between married vs single and divorced vs single.

β-coefficient (95, CI) P-value

Model 1
Adjusted R2 = 42%
Daily insulin dose 0.011 (−0.003; 0.025) 0.111
Social jetlag 0.012 (0.006; 0.017) <0.001
Lunch caloric intake −0.014 (−0.037; 0.008) 0.203
Lunch time −0.006 (−0.011; 0.000) 0.057
Coffee 0.168 (0.039; 0.297) 0.011
Evening collation 1.780 (0.686; 2.874) 0.002
Tobacco consumption 0.903 (0.286; 1.520) 0.005
Living as a couple vs 

living alone
−0.580 (−1.143; −0.017) 0.044

P-values in bold are statistically significant (<0.05).
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forward regression model with HbA1c as a dependent 
variable. Collinearity between sleep variables was 
assessed before entering independent variables into the 
multivariable model. The variables being specific and 
collinearity acceptable (r ≤ 0.41), only one model including 
all sleep variables was built.

Characteristics of patients were then compared by 
Wilcoxon tests and χ2 tests (Fisher’s test if n < 5) between 
those having a small and those having a larger social 
jetlag, separated by the median of social jetlag. 

Secondary objective: melatonin measurements were 
missing in 16 patients out of 80 (20%). Thus, analyses 
of melatonin-related variables were conducted on 64 
patients. DLMO was examined for its potential association 
with HbA1c as well as with sleep-related variables.

Results

Characteristics of patients are summarized in Table  1. 
Of the study patients, 65% were married, 54% were 

Table 3 Comparisons of patient characteristics according to social jetlag. Quantitative variables are presented as median (IQR) 

and qualitative variables by frequency (n (%)). The differences between groups has been tested by Wilcoxon tests and χ2 tests 

respectively (Fisher’s test if n < 5).

Social jetlag ≤49 min (n = 41) Social jetlag >49 min (n = 39) P-value

Age (years) 44 (30–51) 38 (25–47) 0.065
Female sex (n (%)) 21 (51) 16 (41) 0.361
BMI (kg/m2) 24.0 (21.3–27.2) 24.0 (22.1–27.5) 0.564
Characteristics of diabetes
 Diabetes duration (years) 13.00 (7.50–25.00) 14.00 (10.50–22.00) 0.697
 Daily insulin dose (IU) 37 (28–53) 45 (35–60) 0.134
 eGDR 8.73 (7.72–9.72) 8.58 (5.15–9.61) 0.329
 HbA1c (%) 7.7 (7.1–8.7) 8.7 (7.6–9.8) 0.011
 HbA1c (mmol/mol) 60.7 (54.1–71.6) 71.6 (59.6–83.6) 0.011
 Retinopathy (n (%)) 12 (29) 12 (31) 0.884
 Nephropathy (n (%)) 3 (8) 5 (15) 0.472
 Sensitive neuropathy (n (%)) 4 (10) 5 (13) 0.734
 Vegetative neuropathy (n (%)) 1 (2) 3 (8) 0.353
 CAN (n (%)) 3 (7) 7 (18) 0.188
 Foot ulceration (n (%)) 1 (2) 2 (5) 0.611
Other cardiovascular risk factors
Tobacco consumption 0.036
 None 30 (73) 19 (49)
 Current 10 (24) 14 (36)
 Former 1 (2) 6 (15)
Systolic BP (mmHg) 124 (116–131) 125 (116–135) 0.862
Diastolic BP (mmHg) 68 (63–77) 68 (63–77) 0.870
Hypertension (n (%)) 9 (22) 11 (28) 0.519
Dyslipidemia (n (%)) 13 (32) 7 (18) 0.156
Triglycerides (mmol/L) 0.87 (0.70–0.90) 0.99 (0.80–1.60) 0.004
HDL-C (mmol/L) 1.57 (1.39–1.88) 1.57 (1.19–1.82) 0.187
LDL-C (mmol/L) 2.53 (2.01–3.24) 2.53 (1.91–2.81) 0.580
Oximetry
 ODI (events/h) 2.4 (1.4–4.9) 2.4 (1.9–9.1) 0.279
 ODI>10 (n (%)) 2 (5) 7 (18) 0.084
Actimetry
 Sleep duration (min) 460 (427–499) 456 (433–472) 0.290
 Sleep debt (min/week) 43 (24–69) 76 (28–145) 0.036
 Chronotype (h:min) 03:58 (03:15–04:26) 04:30 (03:51–05:24) 0.004
 Social jetlag (min) 25 (9–36) 83 (65–126) <0.001
Distribution of daily caloric intake (%)
 Breakfast 16.9 (9.0–25.3) 12.0 (0.0–21.0) 0.176
 Lunch 43.7 (38.2–49.0) 44.6 (34.0–56.3) 0.551
 Dinner 37.8 (31.0–43.0) 39.5 (29.3–45.9) 0.668
 Evening collation (n (%)) 4 (10) 1 (3) 0.361

BMI, body mass index; BP, blood pressure; CAN, cardiac autonomic neuropathy; eGDR, estimated glucose disposal rate; HDL, high-density lipoprotein; 
LDL, low-density lipoprotein; ODI, oxygen desaturation index. P-values in bold are statistically significant (<0.05).
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graduates, 51% worked full time, 11% part time 
and the others were not working. Working patients 
had non-flexible schedules in 32% of cases. Patients 
were living in precarity in 20% of cases. For working 
patients, the KARASEK questionnaire identified 77% 
of patients having a non-stressful job, 5% with job 
strain and 18% with job strain and social isolation at 
work. Sleep parameters were not different according to  
season assessment.

Main objective: link between sleep behavior and 
glycemic control

Univariate associations

Log of chronotype, social jetlag and tobacco consumption 
were significantly associated with HbA1c (Fig. 2), whereas 
sleep debt and sleep duration were not; two patients 
had social jetlag above 200 min and thus could have 
undue amounts of leverage with social jetlag. Analyses 
were repeated after removing these two outliers without 
modifying the link between social jetlag and HbA1c 
(r = 0.27, P = 0.017).

Multivariable regression

Social jetlag, coffee consumption, evening collation, 
tobacco consumption and living alone (vs living as 
a couple were independently associated with greater 
HbA1c and explain 42% of HbA1c variance (Table 2). The 
independent association of social jetlag was not changed 
by removing the two outliers who presented with social 
jetlag above 200 min (β-coefficient (95, CI) 0.013 (0.006; 
0.020), P < 0.001). Stratification of analyses between active 
and inactive patients did not alter the link between social 
jetlag and glycemic control (data not shown).

Comparison of patients with a small or a large  
social jetlag

Patients were divided into two groups according to the 
median of social jetlag (Table 3). The HbA1c was higher 
in patients with a larger social jetlag than in those with a 
small social jetlag. Patients with a larger social jetlag also 
had a later chronotype and a longer sleep debt. They were 
more often smokers, their triglyceride levels were higher 
and they tended to be younger (P = 0.065). They did not 
differ for socioeconomic variables. Neither daily insulin 
dose nor estimated glucose disposal rate were different 
between the two groups.

Secondary objective: link between DLMO and 
glycemic control

Out of 80 patients, 16 had more than three missing 
samples and thus were not analyzed. Of them, 44 had 
all seven samples available. Also, 11, six and three 
patients had only one sample, two and three out 
of seven missing respectively. DLMO was inversely 
correlated with age (r = −0.25, P = 0.045). Men had a 
later DLMO than women (21.5 h vs 21.0 h, P = 0.032 
respectively). Patients assessed during “daylight 
saving time” (summer) had a 30-min later DLMO than  
patients assessed during “standard time” (winter)  
(21.5 (21.0–22.0) vs 21.0 (20.5–21.5) h, P = 0.015 
respectively). DLMO did not correlate with HbA1c. 
There was no significant interaction between DLMO 
and season of assessment for the relationship with 
HbA1c. DLMO was not associated with chronotype, 
social jetlag or sleep duration. However, DLMO was 
positively correlated with sleep fragmentation (r = 0.35, 
P = 0.005) and inversely correlated with sleep efficiency 
(r = −0.41, P < 0.001).

We compared HbA1c levels of patients who were 
concordant for early DLMO and early chronotype (or 
late DLMO and late chronotype) with those discordant 
between DLMO and chronotype. We found no difference 
between DLMO/chronotype concordant or discordant 
groups for HbA1c.

Discussion

Social jetlag was the only sleep characteristic 
independently associated with glycemic control in 
patients with type 1 diabetes. The social constraints of 
early work schedules lead to an increasing sleep debt 
over the week that is compensated for on weekends. 
This social jetlag is therefore longer in subjects with later 
chronotypes. Chronotype is characterized by age and 
gender specificities: men and younger people more often 
have a late chronotype. Subjects with late chronotypes, 
hence more social jetlags, are more likely to smoke, to 
consume alcohol and coffee and to be depressed (27). Our 
results were consistent with these previous findings as 
patients with longer social jetlags had later chronotypes, 
higher sleep debts, tended to be younger and were also 
more likely to be active smokers.

Social jetlag is known to be linked to excess body 
weight and metabolic syndrome (2, 28). In this study, 
patients with short or long social jetlag were not different 
for body weight. However, patients with longer social 
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jetlag had higher levels of triglycerides, a component of 
metabolic syndrome and a marker of insulin resistance-
related dyslipidemia (29). However, insulin requirement 
and eGDR, both indirect markers of insulin resistance in 
patients with type 1 diabetes (25, 26), were not different 
between patients with small and large social jetlag.

In patients with type 2 diabetes, late chronotype 
was associated with poor glycemic control, possibly 
mediated by specific food habits (5). Indeed, patients 
with type 2 diabetes with late chronotype tended to 
preferentially consume most of their daily caloric intake 
at the evening meal. In this study, the habits of eating 
a late evening collation and drinking large quantities of 
coffee were linked to higher levels of HbA1c. However, 
their contributions to HbA1c variance were independent 
from the contribution of social jetlag.

In a previous work, we have demonstrated that 
patients who slept less than 6.5 h a night had a higher 
HbA1c than patients who slept longer (4). In this 
study, the 7-day mean sleep duration (minimum 5 h 
14, maximum 10 h 15) was analyzed as a continuous 
variable and was not associated with HbA1c in univariate 
analysis. In the present sample of patients, only seven 
patients (8.75%) presented with sleep duration below 
6.5 h. Their median HbA1c was 9.0% (7.6–11.0), whereas 
the remaining 73 patients had a median HbA1c of 8.2% 
(7.2–9.2), P = 0.236. The lack of association between 
sleep duration and HbA1c in this study could be due to 
the small number of patients with short sleep duration 
and to a threshold effect in association between sleep 
duration and glycemic control.

The social gradient in health status is well 
documented, the lower the socioeconomic position, the 
worse the health of an individual (30). In addition, job 
strain (high job demands combined with low personal 
control) has been shown to affect health, favoring the 
occurrence of metabolic syndrome (31). In this study, 
neither socioeconomic status (EPICES score) nor job 
strain (KARASEK questionnaire) was associated with 
HbA1c, allowing to exclude these factors as potential 
confounders of the link between sleep behavior and 
glycemic control. Nevertheless, we cannot conclude 
that social status or job strain do not affect glycemic 
control in patients with type 1 diabetes, as this study 
was underpowered to address this question.

Our team (32) and others (33) have suggested that 
sleep apnea syndrome is unexpectedly frequent in 
patients with type 1 diabetes, who are not obese. In these 
pilot studies, HbA1c was not clearly associated with the 
presence of sleep apnea; however, some data suggest 

that arousal index, assessed by polysomnography, 
could be linked to glycemic control (34). We therefore 
included an oximetric recording in the patients’ sleep 
evaluation. With regard to the small number of patients 
suspected of sleep apnea (11%), ODI was not linked  
to HbA1c.

In this study, DLMO was assessed under home 
conditions instead of controlled conditions of a 
laboratory. However, a good correlation between in-lab 
and at-home DLMO assessment has been demonstrated 
(35). Moreover, at-home DLMO is used in routine clinical 
care in large cohorts of patients (36). This measure was 
available for 80% of patients in our cohort, which is the 
usual rate of success of such a measurement (36).

Melatonin level usually rises approximately 2 h 
before habitual sleep onset. As expected, we found that 
DLMO becomes earlier with advancing age and that men 
had a later DLMO than women, as observed previously 
(27). It was also expected that DLMO would be later 
during the “saving daylight time” period (summer) 
than during the “standard time” period (winter) (17). 
However, in our study, DLMO was not correlated 
with the chronotype measured by actimetry, whereas 
previous laboratory sleep studies have shown a robust 
association between DLMO and time of falling asleep 
(37, 38, 39). Our explanation is that DLMO reflected 
the patients’ biological circadian phase that did not 
correspond to their routine, at-home sleep behavior, 
suggesting a strong impact of social behavior on sleep 
timing. Circadian clocks are organized hierarchically, 
with the central clock localized in the hypothalamus 
suprachiasmatic nucleus and peripheral clocks localized 
in other brain regions and peripheral tissues. The 
central clock is implicated to direct both behavioral and 
metabolic adaptations leading to a circadian regulation 
of food intake. One important mediator between central 
and peripheral clocks is melatonin. Beyond light–
darkness signals, central clock might be determined by 
polygenic factors, age or sex (3). Where biological time 
might be in conflict with social schedule, one could 
expect changes in feeding behavior and metabolic 
dysregulation. For instance, in the Nurses’ Health 
Study, participants with lower melatonin secretion had 
a significantly higher incidence of type 2 diabetes (40). 
In this study, no specific circadian phase was associated 
with a poorer glycemic control. We also tested whether 
patients whose biological circadian phase concurred 
with their socially induced chronotype had better 
glycemic control than patients who were discordant, 
but HbA1c was not different between these two groups.
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The later the DLMO, the worse the sleep efficiency 
and fragmentation index, suggesting that having a late 
circadian phase is associated with poor sleep quality. To 
the best of our knowledge, we did not find other data 
supporting the same observation. These results need to be 
confirmed by further studies.

Weaknesses of the study

The study is observational in nature, conclusions as to 
causative relationships cannot be drawn from the present 
work. Several potential confounding factors such as 
therapeutic observance, timing in insulin injections or 
hypoglycemic events that could drive the link between 
sleep behavior and HbA1c have not been collected. 
In addition, we did not collect information regarding 
physical activity and its timing. Desirability bias could 
have occurred in self-reported food intake or because 
participants could have changed their sleep behavior due 
to the knowledge that this behavior was recorded.

Conclusion

This study provides a detailed insight into the sleep 
behavior of patients with type 1 diabetes and the potential 
impact on glycemic control. Social jetlag appears as the 
major factor that alters HbA1c, although the direction of 
the relationship cannot be extrapolated from the present 
cross-sectional analysis. Whereas the biological circadian 
phase was dissociated from the “socially induced” 
chronotype, suggesting a strong impact of social schedule 
on sleep timing, this observation was not linked to 
HbA1c. Further intervention studies should address the 
potential improvement of glycemic control by reducing 
social jetlag. Strategies could be either educational, drug 
or technological interventions that target phase-delayed 
disorders or interventions that will adapt social schedule 
to biological circadian phase instead of the opposite.
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