ORIGINAL ARTICLE

DOI: 10.4274/gulhane.galenos.2023.57070
Gulhane Med J 2024;66:86-93

Associations between circadian preference, social jetlag,
and diabetes mellitus risk in nurses working shifts
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ABSTRACT

Aims: This study uncovered the links between circadian preferences, social jet lag, and
diabetes mellitus (DM) risk screening results of nurses working shifts.

Methods: In this cross-sectional study design, sociodemographic data, the American
Diabetes Association (ADA) Diabetes Risk Test, Morningness-Eveningness Stability
Scale Improved (MESSi), sleep awake and bedtimes, and shift count were collected via
survey. Participants were splitinto DM risk-positive and negative groups to compare them
for MESSi scores, circadian preference and social jetlag.

Results: Short sleep keepers were 61.8% of all 212 nurses aged 32.25+6.99 years.
Abnormal social jetlag was detected in 18.9% of the study population. The group that
experienced abnormal social jetlag exhibited a significantly lower morning affect and a
higher eveningness (EV) compared with the normal jetlag group (p=0.003 and p=0.004,
respectively). DM risk was present in 6.6% of all. A higher risk of DM was observed
in individuals with older age, longer job experience, higher body mass index (BMI),
male gender, and lower EV score (p<0.001, p<0.001, p<0.001, p=0.006 and p=0.042,
respectively). Distinctness scores were positively correlated with DM risk scores (r=0.168;
p=0.014), whereas they inversely correlated with night shift count (r=-0.149; p=0.022).
Higher values of BMI (odds ratio=1.255; 95% confidence interval=1.036-1.520; p=0.020)
and male sex (odds ratio=7.350; 95% confidence interval=1.265-42,161; p=0.026) were
associated with increased risk for DM.

Conclusions: This study reports that circadian preference, but not social jetlag time, may
be related to DM risk among nurses working shifts.

Introduction

morning preference (3). The prevalence of type 2 diabetes

The timing of daily behaviors within the 24-hour day defines
our chronotype (1). Sleep chronotype is the sleep pattern related
to the preference for sleeping in the morning and evening during
circadian rhythm, and it shows differences between individuals
in the morning, intermediate, or evening form (2). Those in the
morning sleep chronotype go to bed early and those in the
evening sleep chronotype late (3). The evening chronotype is
associated with the possibility of unhealthy food and nutrient
intake, which may predict a higher risk of obesity than the

(T2D) and prediabetes is increasing worldwide, and by the
end of 2030, more than 470 million people will be affected by
prediabetes because of insulin resistance (4). In addition, sleep
shorter than 8 hours is associated with obesity and glucose
intolerance via increased appetite for high-energy foods (5,6).

Disruption of sleep patterns and sagging of the midpoint of
sleep time due to changes in social obligations such as school
or work is called social jetlag (2,7). Social jetlag is calculated
as the continuously measured and bisected absolute difference
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in the midpoint of the sleep period between weekdays and
weekend days. Values of 2 h or more are considered abnormal
and indicate more shifts in sleep timing during the week (7-10). It
is assumed that individuals with evening chronotypes are prone
to abnormal jetlag (3) and sleep deprivation due to night and
shift work will be compensated on free days (11).

Nursing is characterized by a working articulation in shifts
to ensure continuity of care throughout the 24 hours (12).
Several studies examined sleep quality, daytime sleepiness, or
sleep chronotypes due to the work schedule of health workers,
including night shifts (13). It has been explained among female
workers that with prolonged years of exposure to shift work, the
risk of T2D might increase (14).

The screening of nurses for diabetes risk was the focus of
this study, which used the American Diabetes Association (ADA)
Diabetes Risk tool. Additionally, the study sought to establish
links between social jetlag, circadian preferences, and diabetes
risk. Specifically, the effects of shift work and sleep patterns on
the DM risk among nurses were investigated.

Methods

Study design, setting, and sample

This cross-sectional study was conducted face-to-face
with the nurses between September and November 2021. The
research population consisted of 1200 nurses working at a
tertiary hospital. The required number for the sample group was
calculated as at least 197 people using the calculation tool on
the https://sampsize.sourceforge.net/ site, taking the diabetes
risk rate as 32% in the sample literature (15), type 1 error rate
5% and power level as 90%. A target of 300 participants was
randomly determined through the randomizer.org website based
on a work date list obtained from the hospital’s human resource
management department, and the study was terminated when
212 nurses meeting the inclusion criteria were reached.

Study subjects included participants; nurses who volunteered
to participate in the study as shift workers, nurses who did not
suffer from psychiatric and neurological conditions, nurses
who had not been previously diagnosed with diabetes and/or
sleep disorders, pregnancy, and nurses who were not taking
nutritional supplements (such as melatonin) or medications
impairing sleep.

Instruments and data collection

The sociodemographic data form (age, gender, marital
status, smoking, working profession, number of shifts), height,
weight, sleep length, time to sleep, time to get up in the morning,
Morningness-Eveningness Stability Scale improved (MESSI)
and ADA diabetes risk assessment questionnaire were applied
in line with the literature (15-17).
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American Diabetes Association type 2 diabetes risk
score calculation

When the total score obtained from the responses related
to age, waist circumference, gestational diabetes, height, race/
ethnicity, hypertension, family history, and exercise in the ADA
T2D risk score is five or higher, it indicates a higher risk for
diabetes, probability of pre-diabetes or undiagnosed diabetes
and needs to be administered to a physician (16-19).

Morningness-Eveningness Stability Scale Improved

MESS is a novel instrument that consists of subscales of
morning affect (MA), eveningness (EV), and stability/distinctness
(Dl) and is used to define participants’ morningness-EV
preference. The scale was developed by Randler et al. (18) in
2016 and adopted into Turkish by Demirhan et al. (16) in 2019.
MESSi comprises 15 items with five choices (16). Questions
3, 4, 11, and 12 are reverse questions. Circadian fluctuations
are related to mood or activation. The DI (amplitude of diurnal
variation) subscale represents the subjective feeling of DI of
daily changes. As the total score from the stability dimension
increases, DI decreases; in other words, stability in mood
increases (16,18). The Turkish form of the scale’s Cronbach’s
alpha values for MA, EV, and DI were 0.84, 0.81, and 0.58,
respectively (16). In our study, the MESSi scale’s Cronbach’s
alpha values for MA, EV, and DI were found to be 0.83, 0.79,
and 0.66.

Social jetlag calculation

“Social jetlag” was defined as the absolute difference in the
midpoint of the sleep period between weekdays and weekends,
measured continuously and dichotomized (2:2 hours), with
higher values indicating more displacement of sleep timing
across the week (7). For example, if a participant reported a
sleep onset of 8:00 pm and wake time of 6:00 am on weekdays
(midpoint: 1:00 am) and a 10:00 pm sleep onset and 10:00 am
wake time on weekends (midpoint: 4:00 am), their social jetlag
was 3 h (7).

Ethical approval

For the implementation of the study, permission was
obtained from the Istanbul Provincial Health Directorate
Gaziosmanpasa Training and Research Hospital Clinical
Research Ethics Committee with the date 08/09/2021 and no
324. The participants provided written informed consent.

Statistical Analysis

The collected research data were analyzed using the
MediCres E-Picos Calculator online statistical program. The
numerical data are shown as mean and standard deviation.
The categorical data were given as numbers and percentages
between groups with normal and abnormal jetlag and were
compared using the chi-square and Fisher’s exact test, and
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continuous data were compared using the Student’s t-test. The
Pearson correlation test was used to determine the relationships
among circadian preferences, jetlag times, and diabetes risk
score. Risk factors for diabetes mellitus (DM) risk probability
were assessed using a binary logistic regression model.
Statistical significance limit p<0.05 was accepted.

Results

The characteristics of the participants, sleep patterns and
comparisons of normal and abnormal social jetlag groups
are shown in Table 1. The mean age of the 212 nurses was
32.25+6.99 years. 83.5% (n=177) were female and 43.9%
(n=93) were married. The average shift count of our study
population was 4.21+£3.78 (median=4) shifts. The rate of short
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sleepers whose sleep duration was less than 8 hours was
61.8%. The presence of social jetlag was detected in 18.9%
(n=40). Participants with normal sleep duration and those
with lower EV and higher MA scores had a higher likelihood of
normal social jetlag than those with short sleep keepers, those
with higher EV, and those with lower MA (p=0.009, p=0.004,
p=0.003). Furthermore, those who slept longer on weekdays
had a significantly higher chance of normal social jetlag than
short sleep keepers (p<0.001). Additionally, nonsmokers were
more inclined to experience normal social jetlag than smokers
(p=0.029). It was observed that nurses with fewer than four
monthly shifts had a lower diabetes risk than others (p=0.004).

In Table 2, comparisons of groups with and without diabetes
risk are presented. ADA diabetes risk presence was 6.6% (n=14).

Table 1. Comparison of sociodemographic characteristics, sleep duration, circadian preferences and diabetes risk presence

between groups with normal and abnormal social jetlag

Variables V£l

n=212 (100%)

Abnormal social
jetlag (22 hours) p
n=40 (18.9%)

Normal social
jetlag (<2 hours)
n=172 (81.1%)

Age, years, meantSD 32.25+6.99 32.59+6.99 30.75+6.93 0.134*
Profession, years, meantSD 10.13+£7.19 10.37£7.20 9.10+£7.12 0.324*
Monthly shift count, mean*SD 4.21£3.78 4.11+£3.86 4.76+£3.45 0.416*
<4 shifts, n (%) 109 (52.4) 93 (54.1) 18 (45.0) 0.301
>4 shifts, n (%) 101 (47.6) 79 (45.9) 22 (55.0)
BMI, meanSD 23.67+4.70 23.69+4.76 23.58+4.53 0.900
Sex, n (%)
Female 177 (83.5) 144 (83.7) 33 (82.5) 0.851
Male 35 (16.5) 28 (16.3) 7 (17.5)
Marital status, n (%)
Married 93 (43.9) 76 (44.2) 17 (42.5) 0.847
Single/divorced 119 (56.1) 96 (55.8) 23 (57.5
Smoking, n (%)
Smoker 65 (30.7) 47 (27.3) 18 (45.0) 0.029*
Non-smoker 147 (69.3) 125 (72.7) 22 (55.0
Sleep duration, n (%)
Short (<8 hour) sleep 131 (61.8) 99 (57.6) 32 (80.0) 0.009*
Normal sleep 81 (38.2) 73 (42.4) 8 (20.0)
Weekday sleep duration, meantSD 7.54+1.62 7.74%1.59 6.65+1.44 <0.001*
Weekend sleep duration, mean*SD 8.9+1.42 8.84+1.38 9.17+£1.55 0.187
MA score, mean*SD 16.66+3.55 17.01£3.39 15.15+3.84 0.003*
EV score, meanSD 15.15+£3.97 14.78+3.97 16.75+3.59 0.004*
DI score, meantSD 14.95+3.31 15.11£3.28 14.25+3.39 0.137
ADA diabetes risk screening, n (%)
DM risk positive 14 (6.6) 12 (7.0) 2(5.0) 0.650***
DM risk negative 198 (93.4) 160 (93.0) 38 (95.0)

*Student’s t-test, **chi-square test, ***Fisher’s exact test, p<0.05 is significant MA, EV, and stability/DI.
MA: Morning affect, EV: Eveningness, DI: Distinctness, BMI: Body mass index, ADA: American Diabetes Association, DM: Diabetes mellitus, SD: Standard deviation
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It was observed that nurses with fewer than four monthly shifts
had a higher risk of diabetes than others (p=0.004). Participants
with diabetes risk had an older age (p<0.001), longer job
experience (p<0.001), lower night shift count (p=0.010), higher
body mass index (BMI) (p<0.001), and male sex (p=0.006)
versus diabetes risk negative group (Table 2). No significant
difference was observed in the presence of abnormal jetlag
between the groups with and without DM risk, as presented in
Table 1.

Table 3 shows the comparison of social jetlag, MA, EV, and
DI scores between groups of sex, marital status, smoking, sleep
duration (hour) and diabetes risk. Males had a higher DI score
than females (p=0.014). MA score was higher in married nurses
than in single/divorced group (17.23+3.04 vs. 16.21+385;
p=0.040). Short sleep keepers had a higher social jetlag time

Table 2. Comparison of sociodemographic characteristics,
sleep duration, and circadian preferences between ADA
diabetes risk screening questionnaire groups with and without
diabetes risk

ADA ADA
diabetes diabetes risk
Variables risk negative p
positive n=198
n=14 (6.6%) (93.4%)
Age, years, meantSD  43.4315.21 31.4516.42 <0.001*
::’:ﬁzss';" L 22.36£5.70 9.25:645  <0.001*
m:::::;;h'“ count, 1681275  4.5043.78 0.010*
<4 shifts, n (%) 13 (92.9) 98 (49.5) 0.004***
>4 shifts, n (%) 1(7.1) 100 (50.5)
BMI, meanSD 29.28+4.31 23.24+4.48 <0.001*
Sex, n (%)
Female 8 (57.1) 169 (85.4) 0.006**
Male 6 (42.9) 29 (14.6)
Marital status, n (%)
Married 9 (64.3) 84 (42.4) 0.111
Single/divorced 5 (35.7) 114 (57.6)
Smoking, n (%)
Smoker 4 (28.6) 61 (30.8) 0.861
Non-smoker 10 (71.4) 137 (69.2)
Sleep duration, n (%)
Short sleep keepers 9 (64.3) 122 (61.6) 0.843
Normal sleep keepers 5 (35.7) 76 (38.4)
Weekday slee
duration‘f mea: wsp  T2ME1AT 7ETHIE5 0431
Weekend sleep 8.37+128  8.94+1.42 0.146

duration, meantSD

*Student’s t-test, **chi-square test, ***Fisher’s exact test, p<0.05 is significant.
BMI: Body mass index, ADA: American Diabetes Association, SD: Standard
deviation
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than normal sleep keepers (1.34+0.89 vs. 0.92+0.97; p=0.005).
The DM risk-positive group had a lower EV than the negative
group (13.07+3.56 vs. 15.29+3.96; p=0.042). Furthermore,
smokers had longer social jetlag than non-smokers (1.40+0.99
vs. 1.0910.91; p=0.026), higher EV scores (16.23+3.82 vs.
14.67+3.96; p=0.011), and lower MA scores (15.46+4.28 vs.
17.19+3.04; p=0.005). The group of rare shifts (<4 shift count)
had higher MA (17.35+3.44 vs. 15.90+3.52; p=0.003) and DI
(15.55+3.12 vs. 14.29+3.40; p=0.006) scores than those with
over four shifts.

Table 4 shows the correlation analysis of social jetlag
duration and circadian preferences toward age, weekday sleep
duration, weekend sleep duration, BMI, and ADA T2D screening
scores. The DI score positively correlated with the ADA score
(r=0.168; p=0.014), age (r=0.140; p=0.031), and a negative
correlation with the monthly shift count (r=-0.149; p=0.022). The
MA negatively correlated with the shift count (r=-0.164; p=0.018).

However, there was a negative relationship between age
and night shift count (r=-0.395; p<0.001).

The risk factors for DM risk were assessed with a binary
logistic regression model (Table 5). Higher values of BMI [odds
ratio (OR)=1.255; 95% confidence interval (Cl): 1.036-1.520;
p=0.020] and male sex (OR: 7.350; 95% CI: 1.265-42.161;
p=0.026) were associated with increased risk of DM.

Discussion

The current research achieved associations between
circadian sleep preferences, social jet lag, and diabetes risk
screening results among nurses working shifts. The DM risk
was 6.6% and the frequency of abnormal social jetlag was
18.9%. A higher risk of DM was related to lower EV and had
a positive relationship with DI. It was concluded that circadian
preference, but not social jetlag time, may be related to DM risk.
Male nurses with a higher BMI were found to be at the highest
risk of developing DM.

A literature review for nurse health has shown that shift
working is a risk factor for DM (12). Globally, 41 million individuals
are estimated to have prediabetes, defined as impaired fasting
glucose or impaired glucose tolerance. Prediabetes implies an
increased risk of development of T2D on the order of 30% over
4 years (20). In the region where this study was conducted, igci
and Basat (15) performed ADA T2D screening and found the DM
risk to be 32% in the general population who applied to the same
hospital’s family medicine clinic. Kulak et al. (21) found a high
to very high risk for DM (19.3%) and a moderate risk (22.2%)
in another study. The prevalence of prediabetes among young
adults was 24.0% in the United States (22). Therefore, a DM
screening risk of 6.6% may be considered as a low incidence.
This result may be associated with the fact that our sample
included health professionals.
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Table 3. Comparison of social jetlag, MA, EV, and DI scores between groups of sex, shift count, marital status, smoking, sleep

duration (hours) and diabetes risk

Social jetlag

(hours) MA EV DI
= Female 1.16+0.93 16.55+3.54 15.24+4.06 14.71+3.20
ex
Male 1.31+0.99 17.22+3.55 14.71+3.55 16.20+3.64
p 0.392 0.300 0.478 0.014*
<4 shifts 1.18+0.80 17.35+3.44 14.82+4.50 15.55+3.12
Monthly shift count :
>4 shifts 1.19+1.07 15.90+3.52 15.52+3.29 14.29+3.40
p 0.928 0.003* 0.198 0.006*
Married 1.20+0.88 17.23+3.04 14.91+4.42 15.28+3.26
Marital status - -
Single/divorced 1.18+0.98 16.21+£385 15.34+3.59 14.69+3.35
p 0.888 0.040* 0.444 0.205
. Smoker 1.40+0.99 15.46+4.28 16.23+3.82 14.80+3.58
Smoking
Non-smoker 1.09+0.91 17.19+3.04 14.67+3.96 15.02+3.19
p 0.026* 0.005* 0.011* 0.729
. Short sleep keepers (%) 1.34+0.89 16.81+3.53 15.09+4.10 15.06+3.26
Sleep duration (hour)
Normal sleep keepers (%) 0.92+0.97 16.41+£3.58 15.23+£3.78 14.78+3.41
p <0.001* 0.415 0.810 0.546
ADA diabetes risk screening DM risk positive 1.21+0.70 17.57+3.25 13.07+3.56 15.57+4.16
test result DM risk negative 1.18+0.96 16.59+3.56 15.29+3.96 14.91+3.25
p 0.908 0.321 0.042* 0.471

*Student’s t-test, p<0.05.

MA: Morning affect, EV: Eveningness, DI: Distinctness, ADA: American Diabetes Association, DM: Diabetes mellitus

Table 4. Correlation analysis of social jetlag duration and circadian preferences towards age, weekday sleep duration, weekend

sleep duration, BMI, and ADA type 2 diabetes screening score

Social jetlag

Variables MA EV DI
(hours)
Age r=0.014 r=0.111 r=-0.129 r=0.140
g p=0.834 p=0.109 p=0.060 p=0.042
Profession. vears r=0.013 r=0.131 =-0.130 r=0.062
Y p=0.855 p=0.060 p=0.064 p=0.062
. r=-0.006 r=-0.164 r=0.084 r=-0.149
Monthly shift count p=0.926 p=0.018* p=0.229 p=0.031*
. r=-0.293 r=0.007 r=-0.059 r=-0.025
Weekday sleep duration p<0.001* 0=0.916 0=0.396 p=0.715
. r=0.190 r=-0.045 r=-0.044 =-0.052
Weekend sleep duration p=0.005* 0=0.511 0=0.520 p=0.455
. . . r=-0.005 r=0.111 r=-0.118 r=0.168
ADA diabetes risk screening score 0=0.941 p=0.109 0=0.086 p=0.014*
BMI r=0.014 r=0.165 r=0.028 r=0.087
p=0.996 p=0.165 p=0.690 p=0.206

*p<0.05 Pearson correlation test.

MA: Morning affect, EV: Eveningness, DI: Distinctness, BMI: Body mass index, ADA: American Diabetes Association, DM: Diabetes mellitus

Morningness is usually associated with well-being, better
sleep quality, and more conscientiousness, whereas EV is
associated with negative emotionality, poorer sleep quality, and
less conscientiousness (23). In addition, evening-oriented sleep
timing preferences have been related to the risk of diabetes,
cardiovascular diseases, obesity, psychiatric disorders, and

increased mortality (1). In contrast, the DM risk-positive nurse
group had a lower EV and higher DI (amplitude of diurnal
variation) score than the other groups in our study. In addition,
DM risk presence was significant for longer work experience
and less night shift count versus others. We thought it might
be related to older nurses having higher DM risk, longer work
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Table 5. Evaluation of ADA diabetes risk entity with logistic
regression test

Presence of risk in ADA type 2

Variables diabetes screening test result
OR 95% ClI p

Age, year 1.065 0.797-1.423 0.669
Sex (reference: male) 7.350 1.265-42.161 0.026*
Profession, year 1.192 0.916-1.550 0.191
Monthly shift count

(refere:ce: <4 shifts) 10.185 0.425-244.066 0.152
BMI kg/m? 1.255  1.036-1.520 0.020*
EV score 0.927 0.762-1.138 0.488

*p<0.05 binary logistic regression test.
EV: Eveningness, BMI: Body mass index, ADA: American Diabetes Association,
OR: Odds ratio, Cl: Confidence interval

experience, and fewer night shifts than younger nurses, as
expected. Usually, 90% of the adult population is diagnosed with
T2D at over 45 years of age (24). Similarly, in our study, the mean
age of participants with diabetes risk was 43.43+5.21 years while
the mean age of our study population was 32.25+6.99 years.

The prevalence of prediabetic syndrome, which means
diabetes risk, is sexually biased in all populations studied
(25). The male gender was significant for our study’s DM risk
screening results, but our search did not confirm it with glucose
measures confirming prediabetic syndrome.

Vagos et al. (26) demonstrated that both EV and DI
negatively correlated with age. Females are not different from
males in MA but score significantly lower on EV and higher on
DlI. In the study by Rahafar et al. (27), men reported higher MA
than women, whereas women reported higher DI than men.
Regarding the country effect, Iranian participants reported the
highest MA compared to Spaniards and Germans, whereas
Germans reported higher DI than Iranians and Spaniards. Diaz-
Morales and Puig-Navarro (28) showed in adolescents that boys
reported higher morningness, whereas girls reported higher DI.
In contrast, our study found that females had a lower DI score,
and age had a positive correlation with the DI score. MA and EV
scores were similar between males and females. We thought
that gender and DI could change according to cultural features
or occupations to explain the opposite results of our study.

Maidstone et al (29). divided a study population as day
workers, shift workers, irregular shift workers and permanent
night shift workers. They observed higher odds of asthma as
a chronic disease in shift workers who never or rarely worked
night shifts when compared with day workers. In our study, DI
was related to older age and rare shift counts. However, age
was negatively related to shift counts. Rare shift working may
explain the association between older age and higher DI cause
of rare shift counts of older nurses in our sampling.
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The risk of developing T2D is 30% higher in those who slept
5 hours a day than in those who slept 7-8 hours (30). In our
study, short sleep duration was accepted below 8 hours, but
there was no difference in DM risk between short sleep keepers
and other nurses.

In a study conducted with university students, the level of
social jetlag was associated with a loss of sleep duration and
increased BMI (31). A cohort study found that social jetlag was
associated with an increased risk of diabetes/prediabetes (32)
and predicted higher HbA1c levels in patients with T2D (33).
Our study did not find any difference in social jetlag between the
groups with and without DM risk.

A high level of social jetlag was linked to EV (34). Similarly,
we found that nurses with abnormal social jetlag had higher EV.
Didikoglu et al. (1) showed that an evening-type cluster was
associated with traits related to increased smoking. The study
of Bagpinar and Basat (35) showed that while the ADA diabetes
risk of smokers is 20.5%, there would be an increased risk of
diabetes due to weight gain after quitting. Therefore, combining
never-smokers and ex-smokers may have been a limitation for
screening DM risk in this study. However, we found that smokers
had a prolonged social jetlag time, higher EV, and lower MA than
nonsmokers.

This study has several limitations. We performed screening
through self-report. MESSi is a self-report questionnaire, but
the gold methods for detecting chronotypes are monitoring
techniques (e.g., core body temperature and melatonin levels)
or altimetry as a noninvasive method (36). Similarly, the ADA
T2D risk screening test is another self-report questionnaire.
Therefore, self-reporting is a limitation of this present study,
but MESSi and ADA tools were chosen because they are fairly
simple and economically cost-effective methods. Finally, the
number of people at risk of diabetes was low. Therefore, using a
small sample size and a limited study group caused the results
of our study not to be generalized. Studies with larger sample
groups are required.

Conclusion

Participants with abnormal jetlag had circadian preference
differences compared with normal subjects. No relationship
was detected between social jetlag and DM risk. However, we
concluded that circadian preferences such as DI and lower EV
may be related to DM risk among nurses working shifts.

Ethics

Ethics Committee Approval: Ethical approval was obtained
from lIstanbul Provincial Health Directorate Gaziosmanpasa
Training and Research Hospital Clinical Research Ethics
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informed about the study, and their written consent was obtained.
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