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A person’s chronotype is their entrained preference for sleep time within the 24-hour clock. It 
is described by the well-known concept of the ‘lark’ (early riser) and ‘owl’ (late sleeper). 
Evidence suggests that the ‘owl’ is metabolically disadvantaged due to the standard 
organisation of our society which favours the ‘lark’ and places physiological stresses on this 
chronotype. The aim of  this study is to explore cardiometabolic health between the lark and 
owl in a population with an established metabolic condition - Type 2 Diabetes. 

Methods
This cross-sectional, multi-site study aims to recruit 2247 participants from both secondary 
and primary care settings. The primary objective is to compare glycaemic control between 
late and early chronotypes. Secondary objectives include determining if late-chronotype is 
associated with poorer cardiometabolic health and other lifestyle factors, including well-being, 
compared to early-chronotype; describing the prevalence of the five different chronotypes in 
this cohort and examining the trends in glycaemic control, cardiometabolic health, well-being 
and lifestyle factors across chronotype. 

Analysis
The primary outcome (HbA1c), linear regression analysis will compare HbA1c between early 
and late chronotypes, with and without adjustment for confounding variables. Chronotype will 
be modelled as a categorical variable with all five levels (from extreme-morning to extreme-
late type), and as a continuous variable to calculate p for trend across the five categories. A 
number of models will be created; unadjusted through to adjusted with age, sex, ethnicity, 
BMI, duration of diabetes, family history of diabetes, current medication and dietary habits. 
All secondary outcomes will be analysed using the same method. 

Ethics
Ethical approval from the West Midlands - Black Country Research Ethics Committee 
(16/WM/0457). 

Dissemination
The results will be disseminated through publication in peer reviewed medical journal, 
relevant medical/health conferences and a summary report sent to patients.  

Registration details
Registered on clinicaltrials.gov NCT02973412 (23.11.20116)

Article summary
Strengths and limitations of this study (up to 5 bullet points no longer than 1 sentence 
relating to methods)

 A large phenotyped cohort of patients with established T2DM for chronotype, levels 
of social jet lag and other parameters of sleep, physical activity and dietary 
behaviours and timing in addition to cardio-metabolic profiling.   

 Objective and subjective measures chronotype, levels of social jet lag and other 
parameters of sleep and physical activity in this large cohort collected. 

 Cross-sectional study design therefore cannot establish causality of any identified 
associations.

Key Words
Chronotype, social jet-lag, Type-2-diabetes, cardiometabolic health, lifestyle
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Introduction
The incidence and prevalence of diabetes mellitus has now reached over 4 million in the UK 
[1]. Type 2 diabetes mellitus (T2DM) accounts for approximately 90% of the UK population 
with diabetes and confers significant morbidity and mortality on patients and healthcare 
systems. Despite new therapies and management tools to improve quality of life and 
outcomes for patients with T2DM, cardiovascular disease (CVD) remains the greatest cause 
of mortality. New paradigms for characterising and treating these patients could enhance 
current T2DM management. 

Recently, there has been considerable interest in the association between quantity and 
quality of sleep and circadian rhythms and the development of cardiometabolic disease 
especially metabolic syndrome, T2DM and CVD [2]. A “U”-shaped relationship exists 
between sleep duration and T2DM, obesity, CVD, hypertension and stroke [3-6]. A meta-
analysis of nearly 500,000 individuals (~4% T2DM) identified a relative risk (RR) of 1.14 
(95% CI 1.03-1.26) for every additional hour of sleep and RR 1.09 (95% CI 1.04-1.15) with 
each hour of shorter sleep compared to 7-hours sleep per day for the development of T2DM 
[7]. The negative impact of poor sleep on health is not widely known and subsequently, 
lifestyle choices, societal pressures and shift-work are rendering the population chronically 
sleep deprived and thus at increased risk of metabolic dysfunction.   Indeed, the Sleep 
Council estimates that one third of Britons sleep for just five-to-six hours per night which is 
well below the recommended 7-8 hours per night [8]. 

Sleep is regulated, in part, by a homeostatic drive and is therefore unavoidable in humans 
(without sleep disorders). The circadian system, our internal clock, is also responsible for the 
regulation of sleep. Sleep is a multidimensional behaviour (and biological process) where we 
need to not only consider duration and quality but also timing. A person’s sleep pattern, in 
relation to the 24-hour clock, i.e. timing, is individual to them and referred to as their 
chronotype. We can quantify these individual differences in daily timing using a number of 
questionnaire based tools and objectively using for example accelerometers. 

Five different chronotypes have been identified using the ‘Morningness-Eveningness’ 
Questionnaire i.e. definite evening type, moderate evening type, intermediate, moderate 
morning type and definite morning type  [9].The identification of these different chronotypes, 
which describes preferred circadian phases, into, at the two extremes, the ‘lark’ (early riser) 
and ‘owl’ (late sleeper) has led to further research confirming that “owls” are at greater risk of 
cardiometabolic disease [10-12]. The underlying causes have not been clearly defined but 
appear to be related to circadian misalignment causing chronic sleep deprivation and leading 
to dysregulation of metabolic, immune and hormonal processes that govern energy 
regulation and glycaemic control [13-15]. 

The concept of “social jetlag” has been developed to describe the deleterious effects of 
chronic sleep deprivation related to weekday occupational obligations on “evening types” 
and weekend social demands on “morning types” [16]. These social pressures result in a 
disconnect or misalignment of entrained preference for sleep time and actual sleep time. 
Evidence of the deleterious effects of social jetlag is emerging. For example, a large 
epidemiological study in Germany has shown that social jetlag is associated with obesity 
[17]. A recent systematic review reported associations between increasing levels of social 
jetlag and poorer mental health, epilepsy, cognitive impairment (e.g., work and academic 
performance), and adverse endocrine profiles [18]. 

In this cross-sectional observational study, we therefore propose to extensively phenotype a 
sample of patients who have an existing chronic metabolic condition - T2DM, to determine 
the impact of chronotype and levels of social jet lag on their glycaemic control, insulin 
resistance, biochemical and inflammatory profiles, and lifestyle behaviours using a variety of 
subjective and objective measures. This will build on the existing evidence base and permits 
exploration of the interrelationship between sleep behaviours, glycaemic control, 
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cardiometabolic health and other lifestyle factors including wake-time activity and temporal 
eating habits in a multi-ethnic cohort with established T2DM. 

Methods and analysis
Study design and population 
This is a cross-sectional, multi-site observational study design. Two thousand, two hundred 
and forty-seven patients with established T2DM (>6months), between the age of 18-75 years 
inclusive, without a current known sleep disorder (excluding Obstructive Sleep Apnoea 
(OSA)) will be recruited from both primary and secondary care settings from four sites across 
the East Midlands, UK. 

Inclusion/exclusion criteria
Inclusion Criteria

 Participant is willing and able to give informed consent for participation in the study
 Established T2DM (>6months since diagnosis)
 Male or Female
 Aged 18-75 years inclusive
 BMI less than or equal to 45kg/m² inclusive 
 No known sleep disorders except OSA
 HbA1c up to and below 10% (86mmol/mol)
  Type 1 Diabetes 
 Good command of the English language

Exclusion Criteria
 Participant is unwilling or unable to give informed consent
 Anyone without a good command of the English language
 Anyone <18 years of age and >75 years of age
 HbA1c above 10% (86mmol/mol)
 BMI greater than 45 kg/m²
 A regular cannabis user ie weekly use
 Have a terminal illness 
 A known sleep disorder that is not OSA
 Regular use (≥ weekly) of the following medications;

o wakefulness promoting agents Modafinil, Amphetamine derivatives, 
Methylphenidate

o sedatives including benzodiazepines, Z-drugs (zopiclone, zolpidem & 
zaleplon)

o Melatonin, including Circadin and melatonin analogues
o Clonazepam and other drugs for nocturnal movement disorders

Sample Size

The primary objective is to determine if late-chronotype is associated with poorer glycaemic 
control compared to early-chronotype in this multi-ethnic cohort with established T2DM as 
assessed by HbA1c. In order to detect a minimum clinically significant difference in HbA1c of 
0.4% between the two groups, assuming a standard deviation of 1.8% [7,8], power of 80%, 
significance level of 5% and aiming to recruit approximately 50% morning type, 40% 
intermediate and 10% evening types [8], 1910 participants were required. This has been 
inflated by 15% to include incomplete dataset collection and withdrawal of consent. 
Therefore, a total of 2247 participants with T2DM are required for this study.
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Secondary outcomes include; determining the prevalence of different chronotypes in this 
patient population, determine if late-chronotype is associated with poorer cardiometabolic 
health and other lifestyle factors, including well-being, compared to early-chronotype. We will 
describe the prevalence and phenotype of the five different chronotypes in a multi-ethnic UK 
population with established T2DM.Finally we will examine the trends in glycaemic control, 
cardiometabolic health, well-being and lifestyle factors across the five chronotype categories. 
All of the above will be explored within the context of social jet lag using a number of 
definitions for this construct [16, 19, 20].  

Study Assessments
This study involves a single data collection visit lasting approximately 1-1.5 hours. No data 
will be collected until informed consent has been provided by the participant. Where possible, 
data collection will be integrated with pre-planned clinic appointments within outpatient 
departments. Where this is not possible, and for those recruited from primary care, specific 
study data collection visits will be arranged locally. 

Routine data
The following data will be taken (where possible) from the patients notes following their 
routine appointment if they are recruited via either secondary or primary care, otherwise this 
data will be collected at their data collection appointment:  date of birth, ethnicity, gender, 
HbA1c, random plasma glucose, full lipid profile, LFTs, eGFR, Creatinine, blood pressure, 
weight, body mass index (BMI) and waist circumference. 

Additional study-related data to be collected
Bioimpedance assessment
We will conduct a bioimpedance assessment (BIA) on participants to determine body 
composition. We will use a TANITA® professional body composition monitor (SA 165A-
095OU-3, Sino-American Electronics Co.Ltd, Taiwan). 

Questionnaires
A number of questionnaire will be administered to obtain self-reported measures of a number 
of outcomes detailed in the table 1. 

Outcome Questionnaire Items Time 
complete (mins)

Score

Chronotype [9] ‘Morningness-
Eveningness 
Questionnaire 
(MEQ)

19 5 16-86 and is categorised 
into 3 groups ranging from 
evening (16-53) to morning 
(64-86)[21]

Physical activity 
[22] 

Recent Physical 
Activity 
Questionnaire 
(RPAQ)

57 5 Metabolic cost in metabolic 
equivalent tasks (MET) is 
calculated – overall and for 
each section

Intake of 
Pathogen 
Associated 
Molecular 
Patterns 
(PAMPs) [23]

Pathogen 
Associated 
Molecular 
Patterns 
(PAMPs) 
Questionnaire

13 5 0-5 all questions except 
questions 9 and 10 (0-4). 
Total provides the global 
score. 

Risk of OSA STOP-BANG 
Questionnaire

8 2 A score of 5-8 indicates a 
high probability of moderate-
severe OSA.

Excessive Epworth 8 2 A total score between 0-9 
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daytime 
sleepiness [24]

Sleepiness Scale 
(ESS) 

indicative of no-daytime 
sleepiness, 10-12 
borderline, >12 describes 
excessive daytime 
sleepiness.

Physical function 
[25]

Duke Activity 
Status Index 
(DASI)

12 5 The final score is the sum of 
all those questions returning 
a ‘yes’ with a higher score 
indicating a higher level of 
physical function.

Table 1: Questionnaires used in CODEC study

SINBAD and foot characteristics (only applicable to patients recruited in diabetes foot 
clinics)[26]For patients recruited from diabetes foot clinics, the SINBAD score will be 
calculated. The SINBAD score is a classification system and score which compares outcomes 
of foot ulcer management. It is derived by six factors; Site, Ischemia, Neuropathy, Bacterial 
infection, Area, Depth. 

The participants offloading foot cast information will also be recorded. For this there are five 
categories:

 Below knee non-removable device/cast
 Below knee removable device/cast
 Non-removable foot device/cast
 Removable foot device/cast
 Usual orthotic/own shoes

Medical History 
Family history pertaining to cardiovascular disease, diabetes, obesity and depression will be 
obtained. Medical history will be collected and current concomitant medication in addition to 
smoking status and duration of diabetes. All those with an existing diagnosis of Obstructive 
Sleep Apnoea (OSA) will have the severity of their condition and compliance to therapy 
recorded.  This will be collected in the Case Report Form by the study clinician, research 
nurse or other appropriately trained member of the research team. Further, previous 
employment pertaining to previous night shift work for retired participants will be collected. 

Biochemistry
Fasted venous blood samples (at least 4 hours of abstinence from food and anything other 
than water to drink) will be taken (9ml EDTA) for the quantification of biological markers of 
metabolism and inflammation (e.g.; hsCRP, IL-6, Leptin, Adiponectin) and a sample for C-
peptide and insulin (2.7ml Lithium Heparin). These will be centrifuged and plasma aliquoted 
at source and stored at -80C at the Leicester Diabetes Department (LDC). Samples will be 
analysed for hsCRP, IL-6, Leptin, Adiponectin in batch, the remaining aliquots will be stored 
for future research, and this may be indefinitely. 

Physical Performance
Hand grip strength
Grip strength will be measured, using a digital hand held dynamometer, three times on each 
side, with the elbow flexed at a right angle and the forearm in neutral position. The maximum 
of the readings generated is taken as the maximum grip strength. 

Short Physical Performance Battery (SPPB)
The SPPB measures balance, gait speed and ability to stand from a chair and has been 
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shown to measure the risk of disability and mortality [27]. It comprises of the tests outlined;

 Chair stands: The participant will start from a seated position on a hard, upright chair 
(such as a dining chair), with the feet flat on the floor and the knees bent at 90°. For 
the test, the time taken for the participant to stand up fully and then returning to sitting, 
without using the hands 5 times is measured. 

 Standing balance: Tests in three progressive positions. If the participant is able to 
complete 10 seconds in the specified position then the starting position is progressed 
to the next stage:

o Feet together
o Semi-tandem
o Tandem

 Gait speed: The time taken for the participant to walk 4m on a level course. It is 
measured a second time after a short break. 

Sit-to-stand 60 test (STS60)
This test is similar to the chair standing test from the SPPB, but it measures how many times 
the participant can stand from a chair in 60 seconds. It is a surrogate measure of muscular 
endurance, therefore providing data on an additional marker of physical ability. 

Sub-studies
Genetics 
A venous blood sample will be taken for genetic analysis with a focus on clock genes 
and genes that increase the risk of diabetes and obesity. This will be a 9ml EDTA sample of 
whole blood that will be transferred within 12 months of the study end date and stored at -
80◦C in a HTA licensed facility for future ethically approved research. These samples may be 
stored indefinitely. 

Objectively measured physical activity and sleep
Participants will be asked to wear an accelerometer (GENEActiv, ActivInsights Ltd, Kimbolton, 
UK) on their non-dominant wrist  to quantify habitual levels of physical activity and sleep. 
Participants will wear the GENEActiv accelerometer 24 hours/day for up to 8 days Alongside 
this participants will fill out a wake and sleep log for the days they wear the device. The 
device will be fitted on the day of their appointment and they will be provided with a pre-paid 
padded envelope addressed to the LDC in which to return the device and the wake/sleep log 
at the end of the assessment period. 

Diet and Energy Intake 
We will use a self-administered 3-day food record Participants will be given verbal and written 
instructions on how to complete the record and be asked to start completing it from their first 
eating occasion the following day.  Timing, frequency and content of eating occasions will be 
recorded. Dietary data will be entered into a specialist dietary analysis online tool (Nutritics).  
Software will be used to estimate total energy intake, and macronutrient intake. The temporal 
distribution of energy intake will be determined using the methodology described by Reutrakul 
et al [11]. 

Well-being 
Three questionnaires will be used: The Patient Health Questionnaire (PHQ-9) [28] The 
Diabetes Distress Scale- 17 (DDS-17) [29, 30] and the Self-Compassion Scale (SSC) [31]. 

Description of Statistical Analysis
The statistical analysis will be agreed prior to the data being made available to the study 
statistician(s). Participant characteristics will be summarised using either mean and standard 
deviation  or median and interquartile range for continuous variables as appropriate, and 
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number and percentage for categorical variables. This will include the presentation of the 
number (percentage) of participants in each of the five different chronotype categories. 
Further stratification of the participant characteristics will be made according to the three 
categories of morning-evening types based on their MEQ score [7]. ANOVA or Kruskal Wallis, 
as appropriate, will be used to analyse the relationship between MEQ category and the 
descriptive continuous variables, and chi squared tests the relationship between MEQ 
category and descriptive categorical variables. Preliminary graphical and tabular examination 
of the data will be inspected for the correct statistical modelling assumptions. 

For the primary outcome (HbA1c), linear regression analysis will compare HbA1c between 
early and late chronotypes, both with and without adjustment for confounding variables. The 
model will be fitted and reported with the MEQ category variable treated as a categorical 
variable, with early chronotype as the reference category. Additionally, the MEQ category 
variable will be modelled as a categorical variable with all five levels, and as a continuous 
variable to calculate p for trend across the five categories. Model 1 will be unadjusted. Model 
2 will be adjusted for age, sex, ethnicity, BMI, duration of diabetes, family history of diabetes, 
whether currently administering anti-hypertensive medication, and whether taking an oral or 
injectable therapy for their diabetes [32]. Model 3 will be adjusted for all variables in model 2 
plus dietary patterns. All secondary outcomes will be analysed using the same method as 
described above. Model assumptions will be checked and a more suitable model selected if 
these are not met. Subgroup analyses will be performed stratified by risk of OSA based on 
the STOP-BANG questionnaire (high risk vs not).

Statistical analyses tests will be two-sided with a 5% significance level. The primary analyses 
will use a complete case analysis so only people with complete MEQ and HbA1c data will be 
included in the analyses; missing outcomes will not be replaced.  Sensitivity analyses will 
include all recruited participants by fitting the same models, but with missing data replaced 
using multiple imputation or another suitable method. 

Ethics & dissemination 

This study has received full ethical approval from the West Midlands - Black Country 
Research Ethics Committee (16/WM/0457) and is registered on clinicaltrials.gov 
(NCT02973412) and sponsored by The University of Leicester. Informed consent will be 
obtained before any data are collected. Each participant has the right to withdraw from the 
study at any time. In addition, the investigator may discontinue a participant from the study at 
any time if the investigator considers it necessary for any reason including; safety, study 
compliance or clinical reasons or if they withdraw their consent. The reason for withdrawal 
will be recorded in the CRF.  However, participants will not need to provide a reason for their 
withdrawal if they do not wish not to do so. Unless the participant indicates otherwise, any 
data collected up to the point of consent withdrawal will be included in the final analysis

The results will be disseminated through publication in peer reviewed medical journal, 
relevant medical/health conferences and a summary report sent to patients.  

Current study status
This study is currently actively recruiting with 664 participants of the 2247 target recruited 
upon submission of manuscript. Recruitment is planned to complete June 2021. 

Author contributions
EMB, APH, EB, SC, LD, CLE, KK, JH, AVR, AS, TY and MJD devised the project, the main 
conceptual ideas and proof outline. EMB wrote the manuscript with input from all authors. 
EMB and LD prepared and submitted research for local regulatory approvals. MIP 
contributed statistical support and will conduct all analysis. 
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Abstract

Introduction 

A person’s chronotype is their entrained preference for sleep time within the 24-hour clock. It 

is described by the well-known concept of the ‘lark’ (early riser) and ‘owl’ (late sleeper). 

Evidence suggests that the ‘owl’ is metabolically disadvantaged due to the standard 

organisation of our society which favours the ‘lark’ and places physiological stresses on this 

chronotype. The aim of  this study is to explore cardiometabolic health between the lark and 

owl in a population with an established metabolic condition - Type 2 Diabetes. 

Methods

This cross-sectional, multi-site study aims to recruit 2247 participants from both secondary 

and primary care settings. The primary objective is to compare glycaemic control between 

late and early chronotypes. Secondary objectives include determining if late-chronotype is 

associated with poorer cardiometabolic health and other lifestyle factors, including well-being, 

compared to early-chronotype; describing the prevalence of the five different chronotypes in 

this cohort and examining the trends in glycaemic control, cardiometabolic health, well-being 

and lifestyle factors across chronotype. 

Analysis

The primary outcome (HbA1c), linear regression analysis will compare HbA1c between early 

and late chronotypes, with and without adjustment for confounding variables. Chronotype will 

be modelled as a categorical variable with all five levels (from extreme-morning to extreme-

late type), and as a continuous variable to calculate p for trend across the five categories. A 

number of models will be created; unadjusted through to adjusted with age, sex, ethnicity, 

BMI, duration of diabetes, family history of diabetes, current medication and dietary habits. 

All secondary outcomes will be analysed using the same method. 

Ethics
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Ethical approval from the West Midlands - Black Country Research Ethics Committee 

(16/WM/0457). 

Dissemination

The results will be disseminated through publication in peer reviewed medical journal, 

relevant medical/health conferences and a summary report sent to patients.  

Registration details

Registered on clinicaltrials.gov NCT02973412 (23.11.20116)

Article summary

Strengths and limitations of this study (up to 5 bullet points no longer than 1 sentence 

relating to methods)

 A large phenotyped cohort of patients with established T2DM for chronotype, levels 

of social jet lag and other parameters of sleep, physical activity and dietary 

behaviours and timing in addition to cardio-metabolic profiling.   

 Objective and subjective measures chronotype, levels of social jet lag and other 

parameters of sleep and physical activity in this large cohort collected. 

 Cross-sectional study design therefore cannot establish causality of any identified 

associations.

Key Words

Chronotype, social jet-lag, Type-2-diabetes, cardiometabolic health, sleep medicine 

Introduction
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The incidence and prevalence of diabetes mellitus has now reached over 4 million in the UK 

[1]. Type 2 diabetes mellitus (T2DM) accounts for approximately 90% of the UK population 

with diabetes and confers significant morbidity and mortality on patients and healthcare 

systems. Despite new therapies and management tools to improve quality of life and 

outcomes for patients with T2DM, cardiovascular disease (CVD) remains the greatest cause 

of mortality. New paradigms for characterising and treating these patients could enhance 

current T2DM management. 

Recently, there has been considerable interest in the association between quantity and 

quality of sleep and circadian rhythms and the development of cardiometabolic disease 

especially metabolic syndrome, T2DM and CVD [2]. A “U”-shaped relationship exists 

between sleep duration and T2DM, obesity, CVD, hypertension and stroke [3-6]. A meta-

analysis of nearly 500,000 individuals (~4% T2DM) identified a relative risk (RR) of 1.14 

(95% CI 1.03-1.26) for every additional hour of sleep and RR 1.09 (95% CI 1.04-1.15) with 

each hour of shorter sleep compared to 7-hours sleep per day for the development of T2DM 

[7]. The negative impact of poor sleep on health is not widely known and subsequently, 

lifestyle choices, societal pressures and shift-work are rendering the population chronically 

sleep deprived and thus at increased risk of metabolic dysfunction.   Indeed, the Sleep 

Council estimates that one third of Britons sleep for just five-to-six hours per night which is 

well below the recommended 7-8 hours per night [8]. 

Sleep is regulated, in part, by a homeostatic drive and is therefore unavoidable in humans 

(without sleep disorders). The circadian system, our internal clock, is also responsible for the 

regulation of sleep. Sleep is a multidimensional behaviour (and biological process) where we 

need to not only consider duration and quality but also timing. A person’s sleep pattern, in 

relation to the 24-hour clock, i.e. timing, is individual to them and referred to as their 

chronotype. We can quantify these individual differences in daily timing using a number of 

questionnaire based tools and objectively using for example accelerometers. 
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Five different chronotypes have been identified using the ‘Morningness-Eveningness’ 

Questionnaire i.e. definite evening type, moderate evening type, intermediate, moderate 

morning type and definite morning type  [9].The identification of these different chronotypes, 

which describes preferred circadian phases, into, at the two extremes, the ‘lark’ (early riser) 

and ‘owl’ (late sleeper) has led to further research confirming that “owls” are at greater risk of 

cardiometabolic disease [10-12]. The underlying causes have not been clearly defined but 

appear to be related to circadian misalignment causing chronic sleep deprivation and leading 

to dysregulation of metabolic, immune and hormonal processes that govern energy 

regulation and glycaemic control [13-15]. 

The concept of “social jetlag” has been developed to describe the deleterious effects of 

chronic sleep deprivation related to weekday occupational obligations on “evening types” 

and weekend social demands on “morning types” [16]. These social pressures result in a 

disconnect or misalignment of entrained preference for sleep time and actual sleep time. 

Evidence of the deleterious effects of social jetlag is emerging. For example, a large 

epidemiological study in Germany has shown that social jetlag is associated with obesity 

[17]. A recent systematic review reported associations between increasing levels of social 

jetlag and poorer mental health, epilepsy, cognitive impairment (e.g., work and academic 

performance), and adverse endocrine profiles [18]. 

Sleep is essential for human health however the mechanisms of sleep regulation are still not 

well established. There are limited data on objectively measured sleep and genetic variants 

that influence sleep traits such as chronotype [19] . Circadian rhythms have been shown not 

only to regulate sleep but several other physiological functions, including body temperature, 

physical activity, mood, and cognition. These processes are controlled by circadian clock 

genes.  Conversely the timing of behaviours such as sleep, exercise, and food intake 

influence circadian rhythms, including clock gene expression [20] [21]

Further, individual components of phenotypic frailty, such as handgrip strength and walking 
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pace, and composite scores such as Short Physical Performance Battery (SPPB), are 

established risk factors for mortality, morbidity and disability [22, 23]. More generally, frailty, 

regardless of how it is defined, is associated with incident falls, difficulty with activities of daily 

living, disability, hospitalisation and death [24]. Whilst T2DM itself is associated with an 

elevated risk of mortality and health care utilisation, frailty magnifies these risks [25].It is 

important to determine if there is an interaction between parameters of sleep, T2DM and 

individual components of frailty. 

In this cross-sectional observational study, we therefore propose to extensively phenotype a 

sample of patients who have an existing chronic metabolic condition - T2DM, to determine 

the impact of chronotype and levels of social jet lag on their glycaemic control, insulin 

resistance, biochemical and inflammatory profiles, and lifestyle behaviours using a variety of 

subjective and objective measures. This will build on the existing evidence base and permits 

exploration of the interrelationship between sleep behaviours, glycaemic control, 

cardiometabolic health and other lifestyle factors including physical fitness, wake-time 

activity and temporal eating habits in a multi-ethnic cohort with established T2DM

Methods and analysis

Study design and population 

This is a cross-sectional, multi-site observational study design. Two thousand, two hundred 

and forty-seven patients with established T2DM (>6months), between the age of 18-75 years 

inclusive, without a current known sleep disorder (excluding Obstructive Sleep Apnoea 

(OSA)) will be recruited from both primary and secondary care settings from four sites across 

the East Midlands, UK. 

Inclusion/exclusion criteria
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Inclusion Criteria

 Participant is willing and able to give informed consent for participation in the study

 Established T2DM (>6months since diagnosis)

 Male or Female

 Aged 18-75 years inclusive

 BMI less than or equal to 45kg/m² inclusive 

 No known sleep disorders except OSA

 HbA1c up to and below 10% (86mmol/mol)

  Type 1 Diabetes 

 Good command of the English language

Exclusion Criteria

 Participant is unwilling or unable to give informed consent

 Anyone without a good command of the English language

 Anyone <18 years of age and >75 years of age

 HbA1c above 10% (86mmol/mol)

 BMI greater than 45 kg/m²

 A regular cannabis user ie weekly use

 Have a terminal illness 

 A known sleep disorder that is not OSA

 Regular use (≥ weekly) of the following medications;

o wakefulness promoting agents Modafinil, Amphetamine derivatives, 

Methylphenidate

o sedatives including benzodiazepines, Z-drugs (zopiclone, zolpidem & 

zaleplon)

o Melatonin, including Circadin and melatonin analogues

o Clonazepam and other drugs for nocturnal movement disorders
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Sample Size

The primary objective is to determine if late-chronotype is associated with poorer glycaemic 

control compared to early-chronotype in this multi-ethnic cohort with established T2DM as 

assessed by HbA1c. In order to detect a minimum clinically significant difference in HbA1c of 

0.4% between the two groups, assuming a standard deviation of 1.8% [7,8], power of 80%, 

significance level of 5% and aiming to recruit approximately 50% morning type, 40% 

intermediate and 10% evening types [8], 1910 participants were required. This has been 

inflated by 15% to include incomplete dataset collection and withdrawal of consent. 

Therefore, a total of 2247 participants with T2DM are required for this study.

Secondary outcomes include; determining the prevalence of different chronotypes in this 

patient population, determine if late-chronotype is associated with poorer cardiometabolic 

health and other lifestyle factors, including physical fitness, well-being, compared to early-

chronotype. We will describe the prevalence and phenotype of the five different chronotypes 

in a multi-ethnic UK population with established T2DM.Finally we will examine the trends in 

glycaemic control, cardiometabolic health, well-being and lifestyle factors across the five 

chronotype categories. All of the above will be explored within the context of social jet lag 

using a number of definitions for this construct [16, 26, 27].  Mid-sleep time (as an objective 

measure of chronotype) and other sleep parameters will be calculated from the 

accelerometer data. 

Study Assessments

This study involves a single data collection visit lasting approximately 1-1.5 hours. No data 

will be collected until informed consent has been provided by the participant. Where possible, 
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data collection will be integrated with pre-planned clinic appointments within outpatient 

departments. Where this is not possible, and for those recruited from primary care, specific 

study data collection visits will be arranged locally. 

Routine data

The following data will be taken (where possible) from the patients notes following their 

routine appointment if they are recruited via either secondary or primary care, otherwise this 

data will be collected at their data collection appointment:  date of birth, ethnicity, gender, 

HbA1c, random plasma glucose, full lipid profile, LFTs, eGFR, Creatinine, blood pressure, 

weight, body mass index (BMI) and waist circumference. 

Additional study-related data to be collected

Bioimpedance assessment

We will conduct a bioimpedance assessment (BIA) on participants to determine body 

composition. We will use a TANITA® professional body composition monitor (SA 165A-

095OU-3, Sino-American Electronics Co.Ltd, Taiwan). 

Questionnaires

A number of questionnaire will be administered to obtain self-reported measures of a number 

of outcomes detailed in the table 1. 

Outcome Questionnaire Items Time 

complete (mins)

Score

Chronotype [9] ‘Morningness-

Eveningness 

Questionnaire 

(MEQ)

19 5 16-86 and is categorised 

into 3 groups ranging from 

evening (16-53) to morning 

(64-86)[28]
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Physical activity 

[29] 

Recent Physical 

Activity 

Questionnaire 

(RPAQ)

57 5 Metabolic cost in metabolic 

equivalent tasks (MET) is 

calculated – overall and for 

each section

Intake of 

Pathogen 

Associated 

Molecular 

Patterns 

(PAMPs) [30]

Pathogen 

Associated 

Molecular 

Patterns 

(PAMPs) 

Questionnaire

13 5 0-5 all questions except 

questions 9 and 10 (0-4). 

Total provides the global 

score. 

Risk of OSA STOP-BANG 

Questionnaire

8 2 A score of 5-8 indicates a 

high probability of moderate-

severe OSA.

Excessive 

daytime 

sleepiness [31]

Epworth 

Sleepiness Scale 

(ESS) 

8 2 A total score between 0-9 

indicative of no-daytime 

sleepiness, 10-12 

borderline, >12 describes 

excessive daytime 

sleepiness.

Physical function 

[32]

Duke Activity 

Status Index 

(DASI)

12 5 The final score is the sum of 

all those questions returning 

a ‘yes’ with a higher score 

indicating a higher level of 

physical function.

Table 1: Questionnaires used in CODEC study
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SINBAD and foot characteristics (only applicable to patients recruited in diabetes foot 

clinics)[33]For patients recruited from diabetes foot clinics, the SINBAD score will be 

calculated. The SINBAD score is a classification system and score which compares outcomes 

of foot ulcer management. It is derived by six factors; Site, Ischemia, Neuropathy, Bacterial 

infection, Area, Depth. 

The participants offloading foot cast information will also be recorded. For this there are five 

categories:

 Below knee non-removable device/cast

 Below knee removable device/cast

 Non-removable foot device/cast

 Removable foot device/cast

 Usual orthotic/own shoes

Medical History 

Family history pertaining to cardiovascular disease, diabetes, obesity and depression will be 

obtained. Medical history will be collected and current concomitant medication in addition to 

smoking status and duration of diabetes. All those with an existing diagnosis of Obstructive 

Sleep Apnoea (OSA) will have the severity of their condition and compliance to therapy 

recorded.  This will be collected in the Case Report Form by the study clinician, research 

nurse or other appropriately trained member of the research team. Further, previous 

employment pertaining to previous night shift work for retired participants will be collected. 

Biochemistry

Fasted venous blood samples (at least 4 hours of abstinence from food and anything other 

than water to drink) will be taken (9ml EDTA) for the quantification of biological markers of 
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metabolism and inflammation (e.g.; hsCRP, IL-6, Leptin, Adiponectin) and a sample for C-

peptide and insulin (2.7ml Lithium Heparin). These will be centrifuged and plasma aliquoted 

at source and stored at -80C at the Leicester Diabetes Department (LDC). Samples will be 

analysed for hsCRP, IL-6, Leptin, Adiponectin in batch, the remaining aliquots will be stored 

for future research, and this may be indefinitely. 

Physical Performance

Hand grip strength

Grip strength will be measured, using a digital hand held dynamometer, three times on each 

side, with the elbow flexed at a right angle and the forearm in neutral position. The maximum 

of the readings generated is taken as the maximum grip strength. 

Short Physical Performance Battery (SPPB)

The SPPB measures balance, gait speed and ability to stand from a chair and has been 

shown to measure the risk of disability and mortality [34]. It comprises of the tests outlined;

 Chair stands: The participant will start from a seated position on a hard, upright chair 

(such as a dining chair), with the feet flat on the floor and the knees bent at 90°. For 

the test, the time taken for the participant to stand up fully and then returning to sitting, 

without using the hands 5 times is measured. 

 Standing balance: Tests in three progressive positions. If the participant is able to 

complete 10 seconds in the specified position then the starting position is progressed 

to the next stage:

o Feet together

o Semi-tandem

o Tandem

 Gait speed: The time taken for the participant to walk 4m on a level course. It is 
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measured a second time after a short break. 

Sit-to-stand 60 test (STS60)

This test is similar to the chair standing test from the SPPB, but it measures how many times 

the participant can stand from a chair in 60 seconds. It is a surrogate measure of muscular 

endurance, therefore providing data on an additional marker of physical ability. 

Sub-studies

Genetics 

From the viewpoint of elucidating physiological mechanisms and managing disease risk, it is 

important to examine the relationship between chronotype and social jetlag and circadian 

rhythms, including clock gene expression. We will use the analysis of clock genes from a 

venous blood sample to examine the reciprocal impact of behaviour on circadian rhythm. 

With a focus on clock genes and genes that increase the risk of diabetes and obesity. This 

will be a 9ml EDTA sample of whole blood that will be transferred within 12 months of the 

study end date and stored at -80◦C in a HTA licensed facility for future ethically approved 

research. These samples may be stored indefinitely. 

Objectively measured physical activity and sleep

Participants will be asked to wear an accelerometer (GENEActiv, ActivInsights Ltd, Kimbolton, 

UK) on their non-dominant wrist  to quantify habitual levels of physical activity and sleep. 

Participants will wear the GENEActiv accelerometer 24 hours/day for up to 8 days Alongside 

this participants will fill out a wake and sleep log for the days they wear the device. The 

device will be fitted on the day of their appointment and they will be provided with a pre-paid 

padded envelope addressed to the LDC in which to return the device and the wake/sleep log 

at the end of the assessment period. 
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Diet and Energy Intake 

We will use a self-administered 3-day food record Participants will be given verbal and written 

instructions on how to complete the record and be asked to start completing it from their first 

eating occasion the following day.  Timing, frequency and content of eating occasions will be 

recorded. Dietary data will be entered into a specialist dietary analysis online tool (Nutritics).  

Software will be used to estimate total energy intake, and macronutrient intake. The temporal 

distribution of energy intake will be determined using the methodology described by Reutrakul 

et al [11]. 

Well-being 

Three questionnaires will be used: The Patient Health Questionnaire (PHQ-9) [35]. The 

Diabetes Distress Scale- 17 (DDS-17) [36-38] and the Self-Compassion Scale (SSC) [39]. 

Description of Statistical Analysis

The statistical analysis will be agreed prior to the data being made available to the study 

statistician(s). Participant characteristics will be summarised using either mean and standard 

deviation or median and interquartile range for continuous variables as appropriate, and 

number and percentage for categorical variables. This will include the presentation of the 

number (percentage) of participants in each of the five different chronotype categories. 

Further stratification of the participant characteristics will be made according to the three 

categories of morning-evening types based on their MEQ score [7]. ANOVA or Kruskal Wallis, 

as appropriate, will be used to analyse the relationship between MEQ category and the 

descriptive continuous variables, and chi squared tests the relationship between MEQ 

category and descriptive categorical variables. Preliminary graphical and tabular examination 

of the data will be inspected for the correct statistical modelling assumptions. 

For the primary outcome (HbA1c), linear regression analysis will compare HbA1c between 

early and late chronotypes, both with and without adjustment for confounding variables. The 
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model will be fitted and reported with the MEQ category variable treated as a categorical 

variable, with early chronotype as the reference category. Additionally, the MEQ category 

variable will be modelled as a categorical variable with all five levels, and as a continuous 

variable to calculate p for trend across the five categories. Model 1 will be unadjusted. Model 

2 will be adjusted for age, sex, ethnicity, BMI, duration of diabetes, family history of diabetes, 

whether currently administering anti-hypertensive medication, and whether taking an oral or 

injectable therapy for their diabetes [40]. Model 3 will be adjusted for all variables in model 2 

plus dietary patterns. All secondary outcomes will be analysed using the same method as 

described above. Model assumptions will be checked and a more suitable model selected if 

these are not met. Subgroup analyses will be performed stratified by risk of OSA based on 

the STOP-BANG questionnaire (high risk vs not).

Statistical analyses tests will be two-sided with a 5% significance level. The primary analyses 

will use a complete case analysis so only people with complete MEQ and HbA1c data will be 

included in the analyses; missing outcomes will not be replaced.  Sensitivity analyses will 

include all recruited participants by fitting the same models, but with missing data replaced 

using multiple imputation or another suitable method. 

Patient and Public Involvement

The development of the research question and outcome measures were presented and 

discussed at the Leicester Diabetes Centre Patient and Public Forum where it was agreed 

that the ‘sleep’ is not well understood or discussed in consultations with doctors at diabetes 

annual reviews (as is routine practice within England) or other such consultations. Specific 

contribution from PPI include the methods used to collect dietary information and the 

inclusion of the sub-studies as optional for participants because some people may feel 

overburdened with these measures. Patients were not involved in the recruitment to or 

Page 15 of 22

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

conduct of the study. The results of the study will be disseminated to study participants by 

way of a newsletter and invitation to ‘results’ evening at the end of the study. At this event 

summary results will be presented and any conference posters will be displayed and provided 

in a ‘results booklet’. 

 

Ethics & dissemination 

This study has received full ethical approval from the West Midlands - Black Country 

Research Ethics Committee (16/WM/0457) and is registered on clinicaltrials.gov 

(NCT02973412) and sponsored by The University of Leicester. Informed consent will be 

obtained before any data are collected. Each participant has the right to withdraw from the 

study at any time. In addition, the investigator may discontinue a participant from the study at 

any time if the investigator considers it necessary for any reason including; safety, study 

compliance or clinical reasons or if they withdraw their consent. The reason for withdrawal 

will be recorded in the CRF.  However, participants will not need to provide a reason for their 

withdrawal if they do not wish not to do so. Unless the participant indicates otherwise, any 

data collected up to the point of consent withdrawal will be included in the final analysis

The results will be disseminated through publication in peer reviewed medical journal, 

relevant medical/health conferences and a summary report sent to and presented to patients.  

Current study status

This study is currently actively recruiting with 664 participants of the 2247 target recruited 

upon submission of manuscript. Recruitment is planned to complete June 2021. 
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