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Abstract

Background: Evening chronotype is usually associated with insomnia and short sleep duration.
Objectives: To investigate the independent association of chronotype with diabetes control.
Methods: In this cross-sectional study, 140 patients with type 2 diabetes were studied. The insomnia score was examined by a 7-item
questionnaire. Also, chronotype was assessed by a 19-item questionnaire, and using the questionnaire, the patients were divided
into three groups of morning, intermediate, and evening. This questionnaire has been developed for evaluating the preference for
performing mental and physical activities at a special time of day. The Multivariate hierarchical analysis was applied for investigat-
ing the independent association of chronotype and glycated hemoglobin (HbA1c).
Results: The fasting blood glucose and HbA1c levels were significantly different across all the three chronotype groups such that
it had the highest value in the evening group and the lowest value in the morning group (FBS = 164.5 ± 34.1 mg/dL and HbA1c =
8.7% ± 1.7, in the evening group, and FBS = 132.7 ± 23.1 mg/dL and HbA1c = 6.9% ± 0.4 in the morning group, P < 0.001). The morn-
ing group had longer sleep duration and less insomnia than other groups. Results of the hierarchical regression analysis showed
that the chronotype explained 28.4% of the variance of HbA1c. Results of the final model demonstrated that the chronotype had a
relationship with HbA1c, independent of body mass index (BMI), time of going to bed, and insomnia score.
Conclusions: Evening chronotype is associated with poorer control of diabetes, independent of BMI and sleep variables.
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1. Background

Human beings have significant individual differences
in their circadian rhythm. In the meantime, one of the
most important differences is morning-evening prefer-
ences. The morning individuals tend to fall asleep in the
early hours of the night and prefer the first half of the day
to perform physical and mental activities. On the contrary,
evening individuals tend to perform the activities in the
evening and at night; these individuals fall sleep in the late
hours of the night or at midnight. The third group, the in-
termediate individuals, is between these two ends of the
spectrum (1). Determinants of chronotype are numerous.
The circadian system, age, sex, genetics, geographical area
of life, and unknown variables are among factors affecting
the chronotype (2).

Most of the body’s hormones are affected by the circa-
dian rhythm. The secretion of cortisol hormones, growth
hormone, and prolactin is closely associated with sleep
time, and changes in these hormones can cause metabolic
effects (3, 4). The correlation of chronotype with the in-

cidence and control of diabetes has been examined in a
few studies. In a study in Finland (5), the evening chrono-
type was associated with a 2.5-fold increase in the incidence
of type 2 diabetes. In other studies, the relationship be-
tween diabetes control and chronotype has been reported.
In most of these studies, the evening chronotype is asso-
ciated with higher HbA1c (6-9). In addition to the chrono-
type, sleep quality and sleep duration also affect metabolic
health. Short nighttime sleep and poor sleep quality are
associated with the increased probability of insulin resis-
tance, risk of type 2 diabetes, as well as poorer glycemic
control in patients with diabetes (10-13).

In most studies, the evening chronotype is associated
with a shorter duration and lower quality of sleep (14,
15). Most of these studies have focused on sleep quality
rather than insomnia score, and to the best of our knowl-
edge, no study has evaluated specifically the association of
evening chronothpe with poor control with respect to in-
somnia level. Considering the above-mentioned studies,
both chronotype and sleep duration are associated with
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metabolic complications, and owing to the close relation-
ship of chronotype with sleep duration, investigating the
independent association of chronotype with poor control
diabetes seems necessary.

2. Objectives

To investigate independent (independent from sleep
duration and insomnia score) association of chronotype
with diabetes control.

3. Methods

In this cross-sectional descriptive-analytical study per-
formed from February to July 2016, 140 patients with
type 2 diabetes visiting an endocrine clinic were selected.
The inclusion criteria were: age > 34 to < 46 years old,
those whose diabetes had been diagnosed for at least one
year ago. The exclusion criteria were using insulin, anti-
depressants, antipsychotics, and patients with chronic di-
abetic neuropathy and nephropathy as well as nighttime
shift jobs. The duration of the study was about nine
months. The demographic data such as height, weight,
years since the onset of diabetes, time of falling asleep, and
sleep duration were extracted. The insomnia status was as-
sessed by a 7-item questionnaire. This questionnaire has
been validated in previous studies (16, 17), and the patients
were placed in one of the three groups: No, moderate, and
severe insomnia.

Chronotype was assessed by a 19-item questionnaire,
and the patients were divided into three groups of morn-
ing, evening, or intermediate. In previous studies, the test
alpha is reported equal to 0.78. The reliability of the test
was reported as 0.77 (18). Fasting blood glucose and HbA1c
values were measured after at least eight hours of fasting,
using glucose oxidase and HPLC methods, respectively. The
inter- and intra-assay were 2.96% and 0.51% and for glucose
and 1.84% and 1.62% for HbA1c, respectively.

Statistical Analysis: The data were analyzed by SPSS 22
software (SPSS Inc. IL, Chicago, USA). Data were presented
by the mean (SD) and frequency (%) for quantitative and
qualitative variables, respectively. The normality of data
was assessed and confirmed by one sample K-S test. One-
way ANOVA and Kruskal-Wallis tests were used for compar-
ison of data with normal and abnormal distributions, re-
spectively. To investigate the relationship between HBA1c
with chronotype and sleep-related variables, multivariate
hierarchical analysis was applied for comparing with base-
line characteristics. In the multivariate analysis, a three-
step hierarchical strategy was used where chronotype was
entered in the first step. In the second step, the baseline

characteristics, including age, sex, and body mass index
(BMI) were entered. In the third step, sleep variables (time
of going to bed for sleep, sleep duration, and insomnia
score) were entered. The qualitative variables were entered
as indicators. The regression assumptions of residual nor-
mality, homogeneity of residual variances, residual inde-
pendence, and co-linearity were assessed and confirmed
using normal probability plot, residual versus predicted
values plot, Durbin-Watson statistics (values between 1.5 to
2.5 as the acceptable range), and variance inflation factor
(VIF < 5 as the acceptable values). All assumptions were ful-
filled.

4. Results

The results were obtained from 140 patients. Out of
these patients, 41.4% had evening chronotype, 28.6% had
intermediate chronotype, and 30% had morning chrono-
type (Table 1). The BMI of the morning group was signifi-
cantly lower than the other two groups. The fasting blood
glucose and HbA1c were the highest in the evening group
and the lowest in the morning group (FBS = 164.5± 34.1 and
HbA1c = 8.7% ± 1.7 in the evening group, and FBS = 132.7 ±
23.1, HbA1c = 6.9% ± 0.4, and P < 001).

The duration of nighttime sleep in the morning
chronotype was significantly higher than the other two
groups (Table 1). The morning group had the minimum du-
ration of falling asleep and the earliest sleeping time. In
terms of insomnia score, the three groups also had signif-
icant differences. Severe insomnia in the morning group
was significantly lower than the other two groups.

The results of the hierarchical regression analysis
showed that chronotype explained 28.4% of HBA1c vari-
ance. In comparison to the morning chronotype, inter-
mediate and evening chronotypes increased HBA1c by 0.59
and 1.82, respectively (Table 2). By adding age, sex, and BMI
variables, the amount of the explained variance was only
increased by 4.8%, which was significant, and by adding
the sleep quality variables, the explained variance was in-
creased by 10.9%. The results of the final model showed that
evening vs. morning chronotype, BMI, and time of going
to bed were significantly associated with HBA1c when con-
trolling the other variables.

5. Discussion

In this study, the morning chronotype group had
the best glucose control, and the evening chronotype
group had the worst diabetes control. After adjusting
of age, body mass index, and various sleep-related fac-
tors, evening chronotype still had an independent associ-
ation with poorer glycemic control compared to morning
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Table 1. Demographic Characteristics, Diabetes Control Indices, and Sleep-Related Variables in Three Groups of Chronotypea

Total (N = 140) Morning Chronotype
(N = 42)

Intermediate
Chronotype (N = 40)

Evening Chronotype
(N = 58)

P

Age, y 40.7 ± 3.3 40.5 ± 3.4 40.8 ± 3.8 40.8 ± 3.0 0.854

Sex (% of females) 57.9 54.8 52.5 63.8 0.479

Duration of diabetes, y 5.8 ± 2.9 5.1 ± 2.0 6.0 ± 3.2 6.2 ± 3.3 0.136

BMI, kg/m2 27.1 ± 3.3 25.9 ± 3.2 27.3 ± 3.5 27.8 ± 3.0 0.016b

FBS, mg/dL 150.0 ± 30.7 132.7 ± 23.1 147.2 ± 21.3 164.5 ± 34.1 0.0001c

HbA1c, % 7.8 ± 1.4 6.9 ± 0.4 7.5 ± 0.8 8.7 ± 1.7 0.0001c

Duration of sleep, h 7.5 ± 1.2 7.9 ± 0.8 7.1 ± 0.9 7.3 ± 1.5 0.013b

Severity of insomnia, % 0.0001b , d

0 62.1 90.5 57.5 44.8

1 30 4.8 37.5 43.1

2 7.9 4.8 5 12.1

Duration of falling asleep, min 15.1 ± 10.8 9.1 ± 7.4 13.8 ± 7.6 20.2 ± 12.4 0.0001c

Time of going to bed 23 PM (23 - 24) 22 PM (22 - 23) 23 PM (23 - 24) 24 PM (23 - 1 AM) 0.0001c

Abbreviations: BMI, body mass index; FBS, fasting blood sugar; HbA1c, glycated hemoglobin.
aValues are expressed as mean ± SD or median (interquartile range).
bSignificant difference between chronotypes of morning and intermediate, and morning an evening.
cSignificant difference between three groups.
dMultiple comparisons between three groups, P = 0.017 was considered significant.

Table 2. Predictors of Changes of HbA1c in Multivariate Hierarchical Analysisa

Variables
Model 1 Model 2 Model 3

B (SE), P Value B (SE), P Value B (SE), P Value

Chronotype

Morning (Ref.) - - -

Intermediate 0.59 (0.28), 0.036b 0.47 (0.28), 0.096 0.13 (0.28), 0.644

Evening 1.82 (0.26), < 0.001b 1.62 (0.26), < 0.001b 0.68 (0.33), 0.040b

Body mass index - 0.08 (0.04), 0.016b 0.07 (0.03), 0.044b

Age - 0.05 (0.03), 0.139 0.04 (0.03), 0.171

Sex (ref: male) - 0.35 (0.23), 0.143 0.26 (0.23), 0.277

Time of going to bed - - 0.51 (0.11), < 0.001b

Duration of sleep - - 0.17 (0.09), 0.079

Insomnia score, % - - 0.01 (0.03), 0.619

R2 28.4 33.2 44.1

R2 change Ref. 4.8 10.9

P value of model < 0.001b 0.027b < 0.001b

aModel 1, chronotype entered in analysis; model 2, model 1 plus baseline characteristics (age, sex and BMI); model 3: model 2 plus sleep-related variables (time of going
to bed, sleep duration, and insomnia score).
bSignificant difference

chronotype. The relationship between chronotype and in-
cidence, as well as control of diabetes, has been examined
in cross-sectional and longitudinal studies.

In a study by Merikanto et al. (5), the evening chrono-

type was associated with a 2.5-fold risk of type 2 diabetes
compared to the morning chronotype. This relationship
was independent of the duration and adequacy of sleep (5).
In some studies, the relationship between chronotype and
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incidence of diabetes was dependent on sex. In a study by
Yu et al. (19), the evening chronotype was associated with
a 2.98-fold higher risk of diabetes in men, but it was only
associated with metabolic syndrome (2.22-fold higher risk)
in women. In addition to the high prevalence of diabetes
in the evening chronotype, this chronotype has been as-
sociated with poorer control of diabetes in patients with
diabetes. In a study by Osonoi et al. (7), which was per-
formed on patients with type 2 diabetes, the mean HbA1c in
the morning and evening groups was 6.7% and 7.3%, respec-
tively. After adjusting of age, sex, sleep quality, BMI, and re-
ceived energy, the difference remained significant.

In a study by Iwasaki et al. (6), which was performed
on male Japanese workers, despite the similar calorie in-
take and physical activity in the evening and morning
chronotypes, the levels of LDL and HbA1c were higher in the
evening chronotype. Numerous factors can be involved
in metabolic complications and poorer control of diabetic
patients with an evening chronotype. The effect of chrono-
type on metabolic control can be caused by changes in
the pattern, quality, and duration of sleep. People with
evening chronotype usually suffer from sleep deprivation
because they sleep late at night, and they have to rise ear-
lier in the morning because of social issues (20). Inade-
quate sleep time is an effective factor in the incidence of di-
abetes (21) and poorer control of diabetes in patients with
diabetes (22).

In our study, the frequency of insomnia, duration of
sleep, and time of going to bed in the evening and inter-
mediate chronotype was significantly different from the
morning group. Although HbA1c was independently asso-
ciated with the time of going to bed in multivariate hierar-
chical analysis, the evening chronotype was the significant
independent predictor of HbA1c. In the study by Reutrakul
et al. (9), the evening chronotype was associated with a
higher level of HbA1c. In this study, in contrast to our work,
there was no significant difference in sleep duration across
chronotype groups. However, the frequency of poor sleep
quality was higher in the evening group. In this study, the
relationship between chronotype and HbA1c was indepen-
dent of sleep quality. In our study, adding baseline charac-
teristics, sleep duration, and insomnia level increased the
explained variability of HbA1c by 10.9%.

Association of evening chronotype with poor glycemic
control is multifactorial. Sleep deprivation increases the
hypothalamic orexin system. The increased activity of
orexin can increase the activity of the sympathetic system
and secretion of cortisol, growth hormone, and as a result,
increasing insulin resistance (23). Insufficient sleep is also
associated with changes in leptin and ghrelin, which can
lead to increasing the tendency to consume carbohydrates
(24). The evening chronotype is associated with a 2-fold

higher risk of eating disorders (25).

Changes in the distribution of calorie intake also may
have some roles. Evening people usually eat dinner later
and eat less breakfast or skip it (9, 26). In the study by Baron
et al. (27), the calorie intake after 8 pm was associated with
increased BMI independent from the time of falling asleep
and the duration of sleep. During the day, glucose tol-
erance is reduced from morning towards evening hours.
This phenomenon occurs due to the combined effect of re-
duced insulin secretion and increased insulin resistance in
the later hours of the day (28). Therefore, the calorie intake
in the later hours can cause poorer control of diabetes in
the evening individuals with type 2 diabetes.

In addition to the above-mentioned points, the circa-
dian system can have a direct effect on metabolic control in
the body. Changes in body temperature, secretion of mela-
tonin, cortisol, and growth hormone are associated with
circadian rhythm, and the changes in the circadian cycle
can directly lead to metabolic complications with an effect
on the secretion pattern of these hormones (4). One of the
interesting findings in our study was the higher frequency
of evening chronotype than other studies. In our study,
41.4% of the participants had evening chronotype. In the
study by Iwasaki et al. (6), the frequency of evening chrono-
type was only 10.9% in middle-aged men with type 2 dia-
betes. In the study by Yu et al. (19), only 5.9% of the par-
ticipants had evening chronotype. The difference in this
frequency can be attributed to cultural factors as well as so-
cial requirements. The main novelty of our study is evaluat-
ing the independent relationship of late chronotype with
poor control diabetes with respect to insomnia level. Pre-
vious studies mainly have been focused on the association
of poor sleep quality or chronotype with metabolic distur-
bances separately; very limited studies have evaluated the
independent roles of poor sleep quality and chronotype in
diabetes control; and to the best of knowledge, no previous
study has evaluated the role of insomnia level in associa-
tion with evening chronotype with poor control diabetes.

This study had some advantages and limitations. The
main limitation of this study was the cross-sectional de-
sign of the study; therefore, no causality can be proven.
The relationship between chronotype and diabetes control
could be bidirectional (29). This means that in addition
to the effect of chronotype on blood glucose control, the
metabolic control could also affect the evening or morning
preferences. Another limitation of this study was the lack
of evaluation of differences in eating patterns, calorie in-
take, and amount of physical activity in chronotype groups
that could justify our results more clearly.
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5.1. Conclusions
The evening chronotype was associated with a higher

body mass index and poorer control of diabetes. Evening
chronotype is associated with poorer control of diabetes
independent of BMI, sleep duration, and insomnia level.
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