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Abstract

Introduction: Daytime sleepiness is an independent factor for in-
creased health care utilization and all cause mortality. Diabetic patients 
are more likely to be sleepy during the daytime than non-diabetics. 

Objectives: To examine factors influencing the evolution of daytime 
sleepiness in patients with type 2 diabetes (T2D) in a two-year follow-
up study. 

Methods: Patients (N=145) aged from 40 to 60 of both genders 
were consecutively recruited and evaluated for comorbidity severity 
(Charlson Comorbidity Index), depressive symptoms (Beck Depression 
Inventory, BDI II), sleep quality (Pittsburgh Sleep Quality Index) and 
physical activity levels (International Physical Activity Questionnaire, 
IPAQ). Daytime sleepiness was assessed by the Epworth Sleepiness 
Scale (ESS).

Results: Excessive daytime sleepiness (ESS>10) was found in 51 
(35.2%) patients. At baseline, men had more excessive daytime sleepi-
ness; however, women evolved with more sleepiness after two years. 
Levels of physical activity were independently associated with exces-
sive daytime sleepiness: patients with a sedentary lifestyle developed 
worse levels of daytime sleepiness after two years. Active lifestyle was 
more beneficial for reducing daytime sleepiness in women. In this 
study, among all patients, levels of physical activity (IPAQ) improved 
after two years. 

Conclusion: Excessive daytime sleepiness affects approximately 1/3 
of T2D patients and women evolve with more sleepiness. Better levels 
of physical activity are independently associated with less daytime 
sleepiness. Implementing physical exercise possibly break a chain in-
volving sleep-wake alterations and comorbidites in T2D. Gender diffe-
rences show that these effects are more important for women.
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Introduction
Daytime sleepiness is a major public health issue 

and is an independent factor for increased health 
care utilization and all cause mortality [1-3] . Previous 
studies suggest that diabetic patients are more likely 
to be sleepy during the daytime than non-diabetics 
[4-6] Patients with type 2 diabetes (T2D) commonly 
present with sleep abnormalities e.g. restless legs 
syndrome [7], obstructive sleep apnea [8], circadian 
alterations [9] and nervous system abnormalities 
[10, 11]. Given these evidences, daytime sleepiness 
in diabetic patients are probably of multifactorial 
origin. 

Obesity and obstructive sleep apnea (OSA) co-
occur frequently with T2D [12, 13]. Furthermore, 
short sleep duration increases the risk for the de-
velopment of obesity [14] and is associated with 
increased incidence of T2D [15]. Importantly, poor 
sleep quality affects more than half of patients with 
T2D and relates to depressive symptoms [16]. Ar-
terial hypertension, cerebrovascular events, anxiety, 
depression, cognitive alterations and dementia are 
other comorbidities frequent in T2D that potentially 
influence daytime sleepiness [4, 17-19]. All this evi-
dence demonstrate that these comorbid conditions 
are multilaterally related.

In T2D, sedentary life contributes to worse 
anthropometric measures, worse quality of life and 
more depressive symptoms [20-22]. Considering all 
this evidence, it is reasonable to investigate the in-
fluence of multiple comorbid conditions influencing 
daytime sleepiness in T2D patients.

The objective of this prospective cohort study is 
to examine the role of comorbidities and lifestyle 
factors affecting daytime sleepiness in T2D patients.

Patients and Methods

Study design
This is a prospective cohort of patients with T2D 

from an outpatient tertiary care unit (CIDH) in Forta-
leza, Ceará, Brazil. The CIDH provides treatment to 

approximately 5,000 diabetic patients per month. 
Initially, 200 patients were recruited and 55 patients 
were excluded: 38 individuals refused to participate, 
5 had recent hospitalization, two were pregnant, 
and 10 individuals were out of age range of the 
inclusion criteria. In summary, 145 patients were 
available after two years follow-up.

Individuals diagnosed for at least one year, of both 
genders, aged from 40 to 60 years were conside-
red eligible. Patients were excluded if they had any 
severe comorbidity characterized as the presence 
of one or more additional diseases or disorders co-
occurring, such as renal or hepatic disease, cancer, 
heart failure, neurological disorder, pregnancy and 
inability to walk without help for 15 minutes, and/
or did not agree to participate in the study. 

The study protocol was approved by the local 
Research Ethics Committee (HUWC-CEP 031-04-09) 
and written informed consent was obtained in all 
cases.

Assessment
At baseline, in all patients, clinical examination and 

data were confirmed by chart review [23]. Hyperten-
sion was defined as present in those with previous 
identification of sustained blood pressure 140/90, 
controlled or uncontrolled, with or without medica-
tion [24]. Three previously trained interviewers co-
llected behavior questionnaires, demographic and 
clinical information using a face-to-face interview. 
Comorbidity severity was evaluated by the Charl-
son Comorbidity Index (CCI) [25] previously used in 
diabetic patients [26], depressive symptoms by the 
Beck Depression Inventory (BDI II) [27] previously 
validated [28] and sleep quality by the Pittsburgh 
Sleep Quality Index (PSQI) [29]. Levels of physical 
activity were evaluated by the International Physi-
cal Activity Questionnaire (IPAQ) [30, 31]. Sedentary 
behavior is defined as waking activities performed 
with low energy expenditure and involves sitting or 
lying down, computer use, TV watching or sitting 
in a car [32].

http://www.intarchmed.com
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Two years after initial examination, a phone in-
terview assessed cardiovascular new events and 
the degree of daytime somnolence by the Epworth 
sleepiness scale (ESS). The ESS is a validated ques-
tionnaire containing eight items that asks for ex-
pectation of dozing in eight hypothetical situations. 
Dozing probability ratings range from zero (no pro-
bability) to three (high probability). An ESS score of 
10 or more indicates excessive daytime sleepiness 
[33]. Patients were questioned about new stroke, 
new cardiac abnormalities, state of hypertension, 
smoking and alcohol drinking. The primary outcome 
was the variation in the severity of sleepiness as 
evaluated by the ESS. 

Statistical analysis
Descriptive statistics are presented as 

mean±standard deviation, range and frequency (% 
values). Homogeneity of variance was tested with 
the Levene’s test and normality was tested with the 
Shapiro-Wilk test. Fisher exact tests for categori-
cal variables, Mann-Whitney U test for continuous 
variables and Student’s t test for normally distribu-
ted data with equal variances were performed to 
compare between cases with and without excessi-
ve daytime sleepiness. Logistic regression analyses 
was in two steps. First, all variables including age, 
gender, BMI, smoking, hypertension, stroke, coro-
nary artery disease, IPAQ levels, sleep quality (PSQI 
scores), and depressive symptoms (BDI scores) were 
individually examined in association with excessive 
daytime sleepiness. Secondly, a multivariate logistic 
regression analysis was performed in a stepwise re-
gression model. Epworth sleepiness scale (ESS) sco-
res (differences between values obtained after two 
years and baseline) were compared using analysis 
of variance. Statistical analysis was carried out using 
SPSS for Windows, version 17.0. Statistical signifi-
cance was set at p<0.05.

Results
Clinical and demographic variables are depicted 

in Table 1. One hundred forty five patients, 87 wo-
men and 58 men, aged from 40 to 60 completed 
initial evaluation and follow-up. Fifty-one patients 
(35.2%) had excessive daytime sleepiness (ESS>10). 
At baseline, men had more excessive daytime sleepi-
ness than women (Fisher exact test, 52.9% vs 32.9, 
p=0.02). Arterial hypertension was found in 108 
cases (74%) and 10 individuals (6.9%) developed 
hypertension after two years. Cardiac abnormalities 
were present in 44 patients (30%) and this was 
unaltered after two years. Stroke was found in 14 
individuals (10%) at baseline and 8 (6%) developed 
a new stroke after two years (Table 1). 

Logistic regression analysis showed that male 
gender was associated with excessive daytime slee-
piness (OR=2.28, CI=1.13-4.59, p=0.02). A higher 
comorbidity index tended to be associated with 
excessive daytime sleepiness (Table 2). Stepwise 
multiple regression analysis showed that a seden-
tary lifestyle was independently associated with ex-
cessive daytime sleepiness (OR=0.52, CI=0.29-0.92, 
p=0.02; Table 2). 

After two years of follow-up, 75 patients (51.7%) 
remained at the same level of daytime sleepiness, 
41 (28.3%) had higher levels of sleepiness levels 
and 29 (20.0%) showed reduced levels of daytime 
sleepiness. Patients with an initial sedentary lifestyle 
evolved with more daytime sleepiness and those 
more active evolved with less daytime sleepiness as 
compared to the more active (Figure 2, Wilcoxon, 
p<0.05). Overall, patients improved the level of phy-
sical activity after two years (Figure 1). 

Analysis of factors influencing the variation of 
sleepiness (changes from baseline of ESS scores) 
showed that women developed higher levels of 
daytime sleepiness than men (Figure 3, ANCO-
VA, p=0.01). Patients with stroke also evolved with 
higher levels of sleepiness after two years (Figu-
re 3, ANCOVA, p=0.03). Individuals with sedentary 
lifestyle at baseline tended to evolve with worse 
daytime sleepiness (Figure 4, ANCOVA, p=0.09). 
Examination of gender differences showed that 
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physical activity level (IPAQ) was more influential for 
women than for men. The use of antidepressants 
or metformin was not associated with alterations 
of sleepiness severity after two years of follow-up. 

Discussion
In this prospective cohort study of patients with 

T2D, excessive daytime sleepiness was common 
affecting approximately one third of the individuals. 
Excessive daytime sleepiness was independently as-
sociated with low levels of physical activity. Moreo-
ver, at follow-up (two-years), individuals with a se-
dentary lifestyle evolved with more severe daytime 
sleepiness. These findings are in partial agreement 
with a previous study showing that physical activity, 
social interaction and light exposure improve the 
degree of alertness [34]. To our knowledge, this is 

the first time that physical activity shows a positi-
ve influence in daytime sleepiness in the long-run. 
Interestingly, daytime sleepiness evolved with more 
severity and physical activity was more beneficial in 
female patients. 

Previously, a cross sectional survey involving ve-
terans with T2D showed that sleepiness was pre-
dictive of being sedentary [37]. Possibly, promoting 
exercise interrupts this chain of events or bilateral 
relationship between sleepiness and sedentary life. 

In this study, at baseline, men presented more 
daytime sleepiness. Possibly, this is related to the 
presence of OSA more common in male gender. In 
agreement with our findings, sex differences were 
described in T2D: depression affected more women 
and lack of exercise and degree of apnea were more 
frequent in men [35]. Previously, female gender was 

Table 1.  Comparisons between patients with and without excessive daytime sleepiness (Epworth Sleepi-
ness Scale>10) after two years 

With EDS
(N=51)

Without EDS
(N=121)

P values

Clinical/demographic variables

Gender M/F (N/%)   27(53%)/24(47%) 31(33%)/63(67%) a 0.22

Disease duration Mean (SD) (years) 10.8(6.2) 12.2(8.0) b 0.22

Arterial hypertension N (%) 67(71%) 41(80%) a 0.31

Coronariopathy N (%) 12(23%) 32(34%) a 0.25

Stroke N (%) 2(4%) 12(13%) a 0.13

Alcohol use N (%) 4(8%) 12(13%) a 0.27

Smokers N (%) 4(8%) 5(5%) a 0.39

Antidepressants N (%) 18(25%) 15(15%) a 0.43

Behavioral scales

CCI N (%) a 0.31

= 0 6(12%) 15(16%)

= 1 3(6%) 15(16%)

≥ 2 42(82%) 64(58%)

Beck Depression Inventory Mean (SD) 9.4 (8.6) 10.6 (8.8) b 0.31

IPAQ N (%) a 0.85

Sedentary 30 (58%) 72 (59%)

Mildly active 12 (23%) 31 (25%)

Abbreviations: M/F: Male/Famale; N(%): Number of patients (percentage value); SD: Standard Desviation; CCI: Charlson 
Comorbidity Index; IPAQ: International Physical Activity Questionnaire; a Fisher’s exact; b test t test. *P<0.05 **P<0.01

http://www.intarchmed.com
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associated with worse daytime sleepiness [4, 36]. 
In partial agreement, this study showed that wo-
men evolved with more daytime sleepiness after 
two years. Importantly, a better level of physical 
activity was more influential for women. Similar to 
our findings, lack of exercise, depression and degree 
of apnea were predictive of daytime sleepiness in 
T2D [35]. Also, in the latter study, the majority of 
patients were of female gender; however, sex diffe-
rences related to risk factors for excessive daytime 
sleepiness were not found. All this evidence indica-
tes that female diabetic patients are a more “at risk” 
population for daytime sleepiness.

Theoretically, inflammatory cytokines are involved 

in the genesis of daytime sleepiness. As a controver-
sy, physical activity both increases [38] and reduces 
[39] inflammatory factors. Physical activity may im-
prove daytime sleepiness by interference with multi-
ple factors e.g. inflammatory markers, improvement 
of sleep quality, alignment of circadian factors or 
other unclarified factors. 

In this study, after two years of follow-up, the 
number of patients that became more active was 
increased. A positive influence on lifestyle may have 
been secondary to both: physician’s counseling to 
physical activity as a therapeutic measure and the 
constant focus on physical activity related to the 
study. 

Table 2.  Binary logistic regression analysis of factors associated with excessive daytime sleepiness (Epworth 
Sleepiness Scale>10)

Excessive Daytime Sleepiness

OR (95% CI) p Value

Model I

Gender 2.28 [1.13-4.59] 0.02*

Age 0.95 [0.89-1.01] 0.15

Stroke 0.27 [0.05-1.28] 0.10

Arterial hypertension 1.65 [0.72-3.76] 0.23

Coronariopathy 0.59 [0.27-1.29] 0.19

Alcohol use 0.53 [0.14-1.97] 0.34

Insulin therapy 1.28 [0.65-2.55] 0.46

Pittsburgh Sleep Quality Index 1.03 [0.90-1.07] 0.18

Body mass index 1.01 [0.94-1.08] 0.72

Neck circumference 1.02 [0.93-1.10] 0.64

Beck Depression Inventory 0.98 [0.94-1.02] 0.42

Waist circumference 0.93 [0.86-1.0] 0.05

Waist-to-hip ratio 1.73 [0.04-94.2] 0.73

IPAQ 0.98 [0.04-2.07] 0.96

Charlson Comorbidity Index 1.27 [1.00-1.63] 0.05

Model II

Gender 2.09 [1.02-4.26] 0.04*

IPAQ 0.54 [0.31-0.93] 0.02*

Abbreviations: IPAQ: International Physical Activity Questionnaire. 
Model I –In this unadjusted model, clinical demographic variables and behavioral scales were analyzed individually.
Model II – In this model, data were adjusted for age, gender, presence of stroke, coronariopathy, waist circumference, IPAQ 
levels e Charlson Comorbidity Index in a stepwise regression model. 
*P<0.05 **P<0.01

http://www.ipaq.ki.se/
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Regarding the role of comorbidities, according to 
the present data, depressive symptoms were not 
associated with increased sleepiness or with wor-
sening of daytime sleepiness. A trend of associa-
tion between comorbidity severity and excessive 
daytime sleepiness was found. Patients with stroke 
developed greater levels of excessive daytime slee-
piness and this is expected considering that brain 

lesions probably add to the other causes of excessi-
ve daytime sleepiness. Patients with stroke are more 
subjected to circadian changes [40] and poor sleep 
quality [41, 42] adding to the causes of excessive da-
ytime sleepiness. Therefore, physical activity should 
be highly recommended in patients with T2D and 
stroke in order to improve daytime sleepiness.

The ESS is a measure of sleepiness commonly 

Figure 1: The number of patients with a sedentary lifestyle was reduced after two years.

Figure 2: Patients with a sedentary lifestyle evolved with more daytime sleepiness and in opposition, 
the more physically active evolved with less daytime sleepiness.

http://www.intarchmed.com
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Figure 3: After two years, women and individuals with stroke showed more daytime sleepiness.

Figure 4: Overall, patients with a sedentary life style evolved with worsening of sleepiness.
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used in sleep research and clinical practice [43, 44]. 
Subjective ratings of sleepiness are sensitive and 
valid indicators of sleepiness that are suitable for 
clinical studies. Previous evidence shows that poor 
agreement between the various measures of slee-
piness exist: both subjective and objective, may re-
flect the multidimensional nature of sleepiness. In 
this sense, a comprehensive evaluation of sleepiness 
may require multiple measures [43, 45, 46]. Despite 
the fact that sleep alterations have been frequently 
connected with T2D, it has been noted that glyce-
mic variation, as well as poor glycemic control found 
in type 1 diabetes mellitus may also affect the sleep-
wake cycle [47].

In this study, the use of metformin was not asso-
ciated with daytime sleepiness or with the aggrava-
tion of these symptoms after two years. Also, insulin 
was non-influential to both daytime sleepiness and 
the variation of these symptoms after two years. 
Previously, metformin therapy was associated with 
a longer sleep duration and better sleep efficiency 
potentially ameliorating excessive daytime sleepi-
ness [48]. This study was not designed to investigate 
the influence of metformin and insulin on daytime 
somnolence.

Limitations are acknowledged. The diagnosis of 
obstructive sleep apnea was not confirmed or ex-
cluded. The conclusions of this study must be limi-
ted to subjective sleepiness, which is a sensitive and 
valid measure suitable for clinical studies; however, 
it does not always correlate to measures of objecti-
ve sleepiness. Subjective measures such as the ESS 
reflect a different construct and do not always co-
rrelate with objective sleep measures [49].

In summary, patients with T2D frequently have 
daytime sleepiness and women evolve with more 
severity being a “at risk” population. Better levels of 
physical activity are associated with a positive evolu-
tion of daytime sleepiness and are more beneficial 
for women. The implementation of physical exercise 
is a possible break of chain improving sleep-wake 
alterations and comorbidities in T2D.
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