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AbstrACt
Introduction Lifestyle factors, such as diet, physical 
activity and sleep, are associated with the development 
of many chronic diseases. The objective of The Manitoba 
Personalized Lifestyle Research study is to understand 
how these lifestyle factors interact with each other and 
with other factors, such as an individual’s genetics and gut 
microbiome, to influence health.
Methods An observational study of adults, with extensive 
phenotyping by objective health and lifestyle assessments, 
and retrospective assessment of early life experiences, 
with retrospective and prospective utilisation of secondary 
data from administrative health records.
study population A planned non-random convenience 
sample of 840 Manitobans aged 30–46 recruited from 
the general population, stratified by sex (equal men and 
women), body mass index (BMI; 60% of participants with 
a BMI>25 kg/m2) and geography (25% from rural areas). 
These stratifications were selected based on Manitoba 
demographics.
Measurements Lifestyle factors assessed will include 
dietary pattern, physical activity, cardiovascular fitness, 
and sleep. Factors such as medical history, socioeconomic 
status, alcohol and tobacco consumption, cognition, stress, 
anxiety, and early life experiences will also be documented. 
A maternal survey will be performed. Body composition 
and bone density will be measured by dual energy X-ray 
absorptiometry. Blood pressure, pulse wave velocity, and 
augmentation index will be measured on two consecutive 
days. Chronic disease risk biomarkers will be measured in 
blood and urine samples. DNA will be extracted for genetic 
analysis. A faecal sample will be collected for microbiome 
analysis. Participants may provide their Manitoba personal 
health information number to link their study data with 
administrative health records.

Ethics and dissemination Ethics approval has been 
obtained from the University of Manitoba Health Research 
Ethics Board (protocol # HS18951; 05/01/2016). Data 
analysis, release of results and publication of manuscripts 
are scheduled to start in early 2019. Additional information 
at www. TMPLR. ca.
trial registration number NCT03674957; Pre-results.

IntroduCtIon
Manitoba is a province located in central 
Canada with a population of just over 
1.2 million people. Most Manitobans (~60%) 

strengths and limitations of this study

 ► The study is designed to capture extensive pheno-
typing of participants in the areas of diet, physical 
activity, sleep, genetic, gut microbiome profiles, and 
healthcare usage data linkage.

 ► The use of a mobile research unit to access rural 
populations makes the study unique as geographic 
setting can strongly influence health-related be-
haviours. The study uses non-random convenience 
sampling for feasibility reasons, which can introduce 
selection bias and limit generalisability.

 ► Some of the questionnaires used in The Manitoba   
Personalized   Lifestyle Research (TMPLR) have not 
previously been validated, or not validated in the 
specific TMPLR study population.

 ► The study sample size of 840 individuals was not 
selected to power a specific primary hypothesis 
and therefore should be considered exploratory in 
nature.

 on A
pril 19, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-023318 on 10 O

ctober 2019. D
ow

nloaded from
 

http://bmjopen.bmj.com/
http://orcid.org/-0002-0751-1634-0000-0002-0751-1634
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2018-023318&domain=pdf&date_stamp=2019-010-11
www.TMPLR.ca.
http://bmjopen.bmj.com/


2 Mackay D, et al. BMJ Open 2019;9:e023318. doi:10.1136/bmjopen-2018-023318

Open access 

live in Winnipeg, the largest city, with ~27% of the popu-
lation living in rural areas.1 Approximately half of Mani-
tobans are living with at least one of the following chronic 
conditions: obesity, hypertension, type 2 diabetes (T2D), 
cardiovascular disease (CVD) or chronic kidney disease 
(CKD).2 Additionally Manitoba has the highest incidence 
and prevalence of end stage renal disease in Canada, 
partly because of the high burden of diabetes.2 The 
consequences of these chronic conditions are substantial 
and the financial burden, both personally and societally, 
is enormous. In the province of Manitoba, which has a 
universal healthcare system, over 40% of total provin-
cial revenues are spent on healthcare.3 The burden of 
conditions including T2D and CKD is not unique to 
Manitoba,4 5 therefore the primary and secondary preven-
tion of these chronic conditions is a major international 
health research priority.6 

It is well established that diet, physical activity and 
sleep influence health and mortality.7–10 Evidence-based 
guidelines pertaining to nutrition, physical activity, and 
sleep exist to educate the public on healthy lifestyle 
choices. However, most current lifestyle guidelines follow 
a one-size-fits-all format, even though they are intended 
for populations comprising individuals with diverse and 
complex health circumstances and unique factors influ-
encing their ability to follow the guidelines. This format 
may be a contributing factor to the poor adherence to life-
style guidelines. For example, although most people are 
aware that physical activity is important for health, only 
15% of the Canadian population achieve the national 
recommendations.11 Similarly, it is estimated that 50% of 
women and 70% of men in Canada have energy intakes 
that exceed their energy needs, while 50%–90% have 
deficiencies in calcium and vitamin D.12

There is now an increasing interest in the creation of 
lifestyle strategies or guidelines for specific subpopula-
tions or groups of individuals with specific characteris-
tics.13–15 It is hoped that such tailored recommendations 
will be more effective, and that barriers to healthy lifestyle 
practices can be ameliorated through personalisation. 
Current one-size-fits-all recommendations and strategies 
may not be effective due to (1) significant inter-individual 
variability or (2) shared circumstances, such as geog-
raphy, sleep/wake patterns or socioeconomic status, of a 
particular group.

We hypothesise that an individual’s lifestyle will be 
influenced by socioeconomic status and geography, and 
will interact with their genotype and gut microbiota to 
affect health.16 17 Accordingly, The Manitoba Personal-
ized Lifestyle Research (TMPLR) study will involve the 
coordinated collection of data related to socioeconomic 
status, geography, nutrition, physical activity, sleep, early 
life experiences and health systems usage, in conjunc-
tion with the analysis of genetics, gut microbiota and risk 
factors for chronic conditions such as obesity, hyperten-
sion, T2D, CVD and CKD. After establishing the base-
line characteristics of this study cohort, administrative 
health records will be used retrospectively to examine 

the developmental origins of health and disease,18 and 
prospectively to track and investigate the development 
of chronic disease in the future, starting at 5 years after 
the initial study is complete. Consent will be obtained to 
contact study participants for further clinical assessments, 
contingent on future funding.

Data from this study will provide an ideal opportu-
nity for the exploration and potential discovery of new 
interactive mechanisms through which lifestyle factors 
affect health. We will be looking to collaborate with 
other existing studies19–21 with overlapping measures to 
replicate such findings, or increase sample size. Findings 
from this research may be useful in guiding both clin-
ical and health policy decisions, and will also facilitate 
the design and testing of personalised health promotion 
strategies. For example, if we are able to identify interac-
tions between lifestyle factors and disease risk, such as a 
genetic variant that associates with short sleep to nega-
tively impact health, a follow-up study could be designed 
looking to improve sleep hygiene specifically in the group 
with the risk variant.

MEthods
design
This is an exploratory observational cohort study with 
retrospective and prospective utilisation of secondary 
data from administrative health records (figure 1). The 
Strengthening the Reporting of Observational Studies in 
Epidemiology guidelines were followed where applicable 
in the development of this protocol manuscript.22

setting
Urban (Winnipeg) and rural (Morden, Winkler, 
Carman and Steinbach) areas with road access in southern 
Manitoba, Canada.

objectives of the study
The objective of this study is to explore the complex 
interactions that exist between lifestyle, genetics and 
gut microbiota, and how these relate to risk factors for 
chronic conditions, especially obesity, hypertension T2D, 
CVD and CKD in Manitoba.

Figure 1 The Manitoba Personalized Lifestyle Research 
study overview.
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Inclusion and exclusion criteria
A sample of 800 Manitobans aged 30–46, stratified by 
sex, body mass index (BMI) and geography (table 1) are 
being recruited. Participants must have lived in Mani-
toba for a minimum of 5 years. Women who are pregnant 
or lactating are not eligible to participate. Additionally, 
because it is expected that very few of the 800 Manito-
bans who join TMPLR study from the general public will 
have reduced kidney function (eGFR<30 mL/min), 40 
participants from Manitoba (20 women, 20 men, with no 
set stratification based on BMI or geography) who have 
severely reduced kidney function are being recruited 
from the renal health clinic at Seven Oaks General 
Hospital (SOGH), Winnipeg, Manitoba. Therefore, the 
study has a recruitment goal of 840 participants.

recruitment
Participants are recruited through the use of printed 
flyers, online advertisements purchased via Google, Face-
book and Twitter ad platforms and social media accounts, 
appearances in local TV, radio and print media, and direct 
contact with community groups, such as churches, sports 
leagues and community clubs. All patients who receive 
care in the SOGH renal health clinic, who are aged 
30–46, have been living in Manitoba for a minimum of 
the last 5 years, and are able to provide informed consent 
are approached to enroll in the study as well.

sample size
The sample size of TMPLR study was selected based on 
considerations of feasibility of recruitment, costs and 
logistics. However, given established values from other 
sources23 and our anticipated sample size of 840 partic-
ipants, we estimate that we will have an 80% power (5% 
significance, two-sided) to detect a minimum body fat 
difference of 2.5% for rare exposures (ie, experienced by 
10% of participants, such as smoking) and 1.7% for more 
common exposures (experienced by 25% of participants, 
such meeting the Canadian recommended 150 min 
of moderate-to-vigorous physical activity). Additional 

estimated minimum detectable differences are presented 
in table 2. These lower limits should allow for the detec-
tion of clinically meaningful changes in these outcomes.

data collection and assessments
On two consecutive days, participants come to either 
the urban TMPLR study site at the Richardson Centre 
for Functional Foods and Nutraceuticals, University of 
Manitoba or TMPLR’s mobile research unit which travels 
to other areas of Winnipeg and southern Manitoba. 
TMPLR’s mobile research unit is a custom built 12 m 
mobile lab which is equipped with phlebotomy area, a 
dual-energy X-ray absorptiometry (DXA) and a bicycle 
ergometer with a metabolic cart. During this visit, partic-
ipants complete questionnaires, undergo various health 
assessments, provide urine and faecal samples, and have 
fasting blood samples taken (figure 2, table 3). The same 
protocols were followed at both sites.

Questionnaires
Questionnaires capture sociodemographic characteristics, 
personal and family medical history, smoking (including 
electronic cigarette use), current diet (three Automated 
Self-Administered 24 hours (ASA24) Dietary Assess-
ment Tool recalls, Mindful Eating Questionnaire,24 Diet 
History Questionnaire (DHQ)25 and The Three-factor 
Eating Questionnaire26), alcohol consumption, phys-
ical activities, frailty using the Modified Fried Criteria,27 
stress, sleep (Pittsburgh Sleep Quality Index28), cognition 
(Montreal Cognitive Assessment Questionnaire29) and 
childhood retrospective circumstances (adapted from the 
US Panel Study on Income Dynamics30).

Anthropometric assessment
Weight is measured after participants change into light-
weight scrub tops and bottoms, with shoes removed, to 
the nearest 0.1 kg using a digital calibrated floor scale 
(7562EF, Taylor Precision Products, Oak Brook, Illinois, 
USA). Height is measured, without shoes, to the nearest 
0.1 cm using a stadiometer (Model 206, SECA North 

Table 1 The Manitoba Personalized Lifestyle Research study recruitment targets by strata 

Age 30–46 years
n=800

Sex
50% Men
50% Women

400 Men 400 Women

Geography
72% Urban
28% Rural

288 Urban men 112 Rural men 288 Urban women 112 Rural women

BMI
40% Normal
(BMI<25)
60% Overweight
(BMI≥25)

116 Urban 
men BMI<25

172 Urban 
men
BMI≥25

45
Rural 
menBMI<25

67
Rural 
menBMI≥25

116 Urban 
women 
BMI<25

172 Urban 
women 
BMI≥25

45
Rural women 
BMI<25

67
Rural women 
BMI≥25

+40 Participants with severely reduced kidney function (eGFR <30  mL/min), 20 women, 20 men, with no set stratification based on BMI or 
geography.
BMI, body mass index. 
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America, Chino, California, USA). BMI is calculated in 
kg/m2. Waist circumference is measured in triplicate, to 
the nearest 0.1 cm at the umbilicus, between the last rib 
and the iliac crest using a fibreglass tape measure. Hip 

circumference is measured in triplicate at the widest 
portion of the buttocks and hips using a fibreglass tape 
measure. Body composition including fat mass, lean mass, 
per cent body fat, visceral adipose tissue and bone mineral 
density are assessed using DXA (Lunar Prodigy Advance, 
GE Healthcare, Mississauga, Ontario, Canada).31 Scans 
are taken of the whole body, femoral neck, L1–L4 of the 
spine and the non-dominant forearm.

Clinical health assessment
Participants’ systolic and diastolic blood pressures are 
measured in triplicate, on the non-dominant arm in a 
sitting position using a validated oscillometric blood pres-
sure monitor (BP760CAN, Omron, Burlington, Ontario, 
Canada). Participants are required to rest for 5–10 min 
before taking the measurement. Pulse wave velocity and 
augmentation index are measured on the non-domi-
nant arm in a sitting position using a Mobil-O-Graph 
PWA Monitor and the HMS Client Server Software (IEM 
GmbH, Stolberg, Germany) according to the manufac-
turer’s protocol on two consecutive days.32

Collection of bio-specimens
Blood, urine and faecal samples are obtained from 
study participants (online supplementary protocols). 
Fasting blood samples are collected on two consecu-
tive days via venipuncture by trained phlebotomists. 
Two blood samples on consecutive days are required to 
undertake the isotopic assessment of fractional choles-
terol and triglyceride synthesis rates. Participants are 
asked to collect two urine samples at home; one sample 
is obtained prior to going to bed, and a second of the 

Table 2 The Manitoba Personalized Lifestyle Research study estimated minimum detectable differences

Variable
Mean or median 
used SD used

Minimum 
difference at 
10% exposure 
(percentage of 
mean)

Minimum 
difference at 
25% exposure 
(percentage of 
mean) References

Body fat (%) 41.3% Women
27.8% Men

7.7%
6.6%

2.5% (6.0) 1.7% (4.0) 23

Lumbar bone 
mineral density (g/
cm2)

1.042 Women
1.058 Men

0.121
0.127

0.041 (3.8) 0.028 (2.6) 71

Glomerular filtration 
rate (mL/min per 
1.73 m2)

107.6 16.8 5.4 (5.0) 3.8 (3.5) 72

Systolic blood 
pressure (mm Hg)

116 12 6.5 (5.6) 4.5 (3.9) 73

Fasting glucose 
(mmol/L)

4.94 0.61 0.20 (4.0) 0.14 (2.8) 73

Fasting insulin (µIU/
mL)

7.83 7.50 2.40 (30) 1.67 (21%) 74

LDL cholesterol 
(mmol/L)

2.79 0.67 0.22 (7.8) 0.15 (5.4) 73

Waist circumference 
(cm)

80 10 3.2 (4) 2.2 (2.75) 73

Figure 2 The Manitoba Personalized Lifestyle Research 
study participant schedule.
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first morning void on waking up. Participants also collect 
a faecal sample; they are provided a collection kit and 
instructed to collect a single sample from three separate 
places on the stool using a spoon attached to the cap of 
the collection tube. Participants are instructed to store 
the collected faecal samples in their household –20°C 
freezer with a provided ice pack, and urine samples in 
the fridge, until transport back to the study centre, using 
provided ice pack for temperature control, where they are 
aliquoted and then stored at –80°C for future analysis.33

Clinical chemistry in blood and urine
Clinical chemistry, including lipid profile, glucose, insulin 
and renal and liver profiles will be measured via auto-
mated clinical chemistry analysers (Cobas C111, C311 
and e411, Roche Diagnostics Laval, Quebec). Blood and 
urine biomarkers such as leptin, glucagon and melatonin 
will be measured via a ligand binding assay or ELISA. 
Red blood cell and plasma fatty acids will be measured 
by gas chromatography with flame ionisation detection 
(GC-FID).34 Non-cholesterol sterols will be measured in 
plasma using GC-FID and mass spectrometry.35 Vitamin 
C concentrations in the blood will be measured by high 
pressure liquid chromatography.36

Microbiome analyses in faecal samples
Faecal samples will be subjected to genomic DNA 
extraction (Zymo Research, California, USA) following the 
manufacturer’s protocol. Experimental negative controls 
will be included in extraction protocols to confirm the 
reliability and consistency of the extracted nucleic acid. 
The V4 hypervariable region of 16S rRNA gene will be 
amplified, the sequencing library will be generated as 
described previously37 and sequenced at the Gut Micro-
biome Laboratory, University of Manitoba. Samples will 
be multiplexed at the rate of 200 per run aiming for 
an average sequencing depth of 50 000 sequences per 
sample. The sequencing data will be deposited into the 
Sequence Read Archive of NCBI (http://www. ncbi. nlm. 
nih. gov/ sra) and accession numbers will be provided for 
future access.

Deuterium oxide administration
After the blood sample collection on day 1, participants 
are given 0.7 g of deuterium oxide/kg of estimated body 
water to drink. Body water is estimated as body weight 
(kg)×0.60. This deuterium administration is used to 
enrich the body’s water pool for the assessment of frac-
tional cholesterol and triglyceride synthesis rates.38–40

Table 3 The Manitoba Personalized Lifestyle Research (TMPLR) study data, assessment tools and biological samples

Characteristic Data Method, instrument or source

Sociodemographic Date of birth, sex, ethnicity, marital status TMPLR Study Questionnaire

Medical Personal medical history, family medical history, medication(s), 
pregnancy history 

TMPLR Study Questionnaire, administrative health records 

Cognition Montreal Cognitive Assessment29

Lifestyle Tobacco/smoking/vaping use, alcohol use, unintentional weight loss, 
exhaustion, depression

TMPLR Study Questionnaire

Physical activity Frailty Modified Fried Criteria27

Physical activity Paffenbarger physical activity index, Actigraphy41 42

Predicted VO2 max Modified YMCA bike test with metabolic cart

Nutrition Dietary patterns and habits Mindful Eating Questionnaire,24 Three-factor Eating 
Questionnaire,26 automated 24-hour dietary recall,49 Canadian 
Dietary History Questionnaire25

Early life Childhood health, sociodemographic status and socio-economic 
status; parental employment history

Childhood Retrospective Questionnaire, adapted from the US 
Panel Study on Income Dynamics30

Maternal: pregnancy events, obstetrical history, infant feeding TMPLR Mother’s Retrospective Childhood Questionnaire, 
adapted from the Nurses Health Study50

Socioeconomic Employment, home ownership, educational attainment, income TMPLR Study Questionnaire

Sleep and stress Duration of sleep Actigraphy46

Sleep quality Pittsburgh Sleep Quality Index28

Perception of stress, daily life stressors Community-based stress and coping survey

Anthropometric Height Wall-mounted stadiometer

Weight Digital scale

Waist circumference, hip circumference Tape measure

Body fat, lean mass, bone mineral density Dual energy X-ray absorptiometry31

Blood pressure Systolic and diastolic Automated sphygmomanometer

Pulse wave velocity, augmentation index Mobil-O-Graph oscillometer32

Biomarkers Blood clinical chemistry and biomarker assays Fasting blood samples

Urinary clinical chemistry and biomarker assays Urine samples

Microbiome 16S RNA sequencing Faecal sample37
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Physical activity and capacity testing
Physical activity level in TMPLR study participants is 
assessed using accelerometers (Actigraph GTX3bt, 
Pensacola, Florida, USA) worn for 1 week.41 42 Muscle 
strength is measured using a hand grip dynamometer. 
Cardiorespiratory fitness is assessed using a submaximal 
bike protocol which includes heart rate monitoring, and 
a metabolic cart (VMAX Encore, Carefusion, Unionville, 
Ontario, Canada) to measure oxygen consumption and 
CO2 output. Functional walking ability is assessed using 
a 5 m gait speed test. Additionally, depressive symptoms, 
obesity history, frailty, low physical activity and cognitive 
impairment are assessed by validated questionnaires.43–45

Sleep assessment
Sleep in TMPLR study participants is measured objec-
tively using accelerometers (Actigraph GTX3bt46) worn 
for a week and subjectively by questionnaire (Pittsburgh 
Sleep Quality Index28). While there is a strong relation-
ship between objective and subjective sleep reports, 
TMPLR study is collecting both because discrepancies 
may provide important clinical information reflecting 
early dysfunction.47 48

Dietary assessment
Study participants complete the Canadian version of the 
DHQ,25 which estimates the intake of common food items 
and includes portion size and dietary supplement ques-
tions. This questionnaire is on a TELEform for scanning 
data entry and creation of the data files. Participants also 
complete the Mindful Eating Questionnaire24 to assess 
awareness of the physical and emotional sensations asso-
ciated with eating, and The Three-Factor Eating Ques-
tionnaire26 to assess dietary restraint, disinhibition and 
hunger in relation to eating. Participants also complete 
three dietary recall surveys using the Automated Self-Ad-
ministered 24 hours Canada (ASA24, NCI, Rockville, 
Maryland, USA; http:// asa24. ca/)49 dietary assessment 
tool, a web-based tool that enables multiple, automati-
cally coded, self-administered 24 hours recalls. Partici-
pants enrolled from March 2016 to February 2017 used 
the ASA24-Canada-2014 edition; those enrolled after 
February 2017 used the ASA24-Canada-2016 edition. 
Both ASA24-Canada-2014 and ASA24-Canada-2016 use 
the same nutrient databases.

Early life experiences
Early life exposures spanning the critical time windows 
of fetal development, birth, infancy and early childhood 
are documented in three ways: (1) through linkage with 
administrative health records (see Linkage to adminis-
trative health data section), (2) by self-report and (3) by 
maternal report. Administrative health data will provide 
method of birth, gestational age, birth weight, diagnosis 
codes for postdelivery hospitalisation and postdelivery 
drug prescriptions. Mothers of TMPLR study participants 
are asked to complete a TMPLR Mother’s Questionnaire, 
adapted from the Nurses’ Health Study,50 capturing key 

pregnancy, birth and postpartum events such as method 
of birth; gestational age and birth weight; socioeconomic 
status at birth; maternal prepregnancy BMI and gesta-
tional weight gain; maternal smoking and diabetes during 
pregnancy; maternal prenatal care; breastfeeding initia-
tion, exclusivity and duration; stressful life events during 
pregnancy and post partum; and severe illness requiring 
hospitalisation during infancy or early childhood. Early 
childhood socioeconomic status51 52 and stressful life 
events53 54 are also self-reported by TMPLR participants 
using the Childhood Retrospective Circumstances Ques-
tionnaire, adapted from the US Panel Study of Income 
Dynamics.30

data quality assurance and control
Methods of data collection (questionnaires, anthropo-
metric assessment and clinical health assessment) were 
standardised across the urban and mobile TMPLR study 
sites. Training of TMPLR study staff involved in data 
collection and data entry is regularly refreshed and all 
staff handling participant data are trained in compliance 
with the Manitoba Personal Health Information Act. 
All data will be entered in the secure digital platform. 
A TMPLR study data model has been created to help in 
visualising the different types of data the digital platform 
will contain. (online supplementary figure 1)

Linkage to administrative health data
At enrollment, TMPLR participants are asked to provide 
their personal health information number (PHIN) and 
grant permission to link their study data with administra-
tive health records (including hospital discharge abstracts, 
physician billing claims and prescription records). These 
data are accessed through the Manitoba Centre for 
Health Policy (MCHP) Population Research Data Repos-
itory55 and linkage is achieved using the PHIN, following 
the standard procedures established by the MCHP and 
the Manitoba Health Information Privacy Committee. 
The data linkage is used to capture retrospective infor-
mation on early life as well as prospective information on 
numerous health outcomes, including diagnosis of hyper-
tension, T2D, CVD and CKD.

statistical analyses
Statistical analyses will be undertaken in consultation 
with biostatisticians from the George and Fay Yee Centre 
for Healthcare Innovation at the University of Manitoba. 
Lifestyle factors will primarily be used as explanatory vari-
ables, with chronic disease biomarkers or disease pres-
ence/absence as outcomes, in multivariable regression 
models. Moderating or mediating effects of genetics, 
gut microbiome, clinical characteristics, socioeconomic 
status and environmental factors will be explored. The 
potential confounding effects of health status and health-
care use on variable relationships will be examined using 
techniques such as propensity score or instrumental vari-
able models.56–58
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Techniques appropriate for high-dimensional data will 
be adopted where needed. For example, clustering of 
lifestyle risk factors will be examined using latent variable 
modelling techniques (ie, latent class analysis). Dimen-
sion reduction techniques for omics data, such as micro-
biome and genetic markers, will be applied.59

The bioinformatics and statistical analyses of micro-
biome data will be performed as described previously37 
and will be updated based on recommendations and 
technology advancements between now and the point 
of processing of samples. Overall microbiota community 
structures, alpha diversity metrics and relative abundances 
of operational taxonomic units will be tested for associa-
tions with lifestyle and health measures, with appropriate 
adjustment for multiple comparisons.

Non-response bias or inability to collect certain data 
may affect the validity of analyses for survey data or biolog-
ical measures, necessitating the use of multiple imputa-
tion methods if the pattern of missing data is deemed to 
be ignorable.60 For non-ignorable missing data, selection 
and pattern mixture models will be examined in sensitivity 
analyses.61 Due to the use of non-random sampling there 
is a risk of selection bias; survey weights and weighting 
of responses may be used to address this bias. Standardi-
sation or adjustment techniques may be used to address 
bio-specimen measurement error bias.62

Specialised methodological investigations will be 
conducted for: (1) psychometric analyses of scales, 
including testing for differential item functioning and 
measurement invariance,63–65 (2) development of chronic 
disease risk prediction models,66 67 (3) techniques to 
evaluate the quality of linked databases, including their 
accuracy, reliability and completeness68 and (4) robust 
statistical methods for the analysis of outcome measures 
with non-normal (eg, skewed) distributions.69 70

Patient and public involvement
Three focus groups, one for healthcare providers and two 
for general public, and a public forum were held in the 
early design stages of this study to obtain input from Mani-
tobans, on the study design and recruitment strategies. 
A study advisory board was also formed, and meets on a 
bi-annual basis. This advisory board includes healthcare 
providers, health researchers and members of the public. 
The board provides input regarding study recruitment, 
progress and conduct, and will also provide input and 
suggestions regarding the dissemination of study results.

Provision of clinical results to participants
Individual results of the anthropomorphic measure-
ments, blood pressure, pulse wave velocity, augmentation 
index, body composition, bone density, full lipid profile, 
fasting blood glucose, and renal and liver profile are to 
be provided to participants. Participants are referred to 
their primary care providers for further management if 
their results are beyond clinical reference ranges. Partici-
pants will not be provided their genetic and microbiome 
information.

Ethics and dissemination
Explicit informed consent is obtained from each indi-
vidual prior to participation in the study. Eligible partici-
pants are verbally informed by trained research personnel 
regarding the nature and purpose of the study, given 
time to decide whether or not to participate, and have 
any questions or concerns answered prior to consent and 
at any point throughout the study. All participants are 
informed that they may withdraw from the study at any 
time without penalty and are remunerated for the portion 
of the study that they have completed up to that point. 
The full remuneration for study participation is $100 
Canadian dollars, provided as cash or as a gift card.Data 
analysis, release of results and publication of initial manu-
scripts are scheduled for 2020. Findings will be shared 
in peer-reviewed journals, and at regional, national and 
international scientific conferences. Data and findings 
will also be presented to healthcare policymakers within 
Manitoba, to develop preventive strategies that reduce 
chronic conditions with the intention of reducing health-
care costs. Funding applications for future clinical follow 
in this study population have been submitted starting in 
2017.

dIsCussIon
TMPLR study has been uniquely designed to provide 
cross-sectional, retrospective and prospective observa-
tions that will improve our understanding of how life-
style factors interact with each other and factors such 
as genetics and the gut microbiome to influence health 
and the risk of obesity, T2D, CVD and CKD. The coor-
dinated collection of lifestyle-gene-environment-micro-
biota-health data, including objective measurements 
such as DXA, activity monitoring, stable isotopic tracer 
methodologies and direct measurement of physiological 
biomarkers; combined with the ability to retrospectively 
assess and prospectively follow health outcomes in partic-
ipants using administrative health records, represents 
an unprecedented opportunity to collect data which 
can be used to improve chronic disease prevention and 
management.

Due to the voluntary non-random recruitment of 
participants, there may be an under-representation of 
those with lower health awareness, financial means, access 
or time to participate. Attempts to counteract this are 
implicit in the stratified recruitment design. Comparisons 
between TMPLR study participants and general Mani-
toban population demographics may allow assessment of 
potential selection biases. A healthy volunteer effect may 
impact the ability to detect weak associations between life-
style and disease risk, but this may attenuate with longer 
follow-up using administrative health data.

Given a projected sample size of 840 participants may be 
low for some of the research questions that will be investi-
gated, therefore harmonisation and linking of data across 
multiple cohorts may be required. We will be looking 
to other studies which have undertaken overlapping 
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measurements in order to increase sample sizes. The 
Canadian Longitudinal Study on Aging,19 the Toronto 
Nutrigenomics and Health20 and The LifeLines DEEP21 
studies among others will be approached regarding the 
potential of data harmonisation and cross-replication. 
TMPLR study will also be available to other researchers 
who are interested in collaboration or using the data for 
cross-replication.

In summary, TMPLR study will provide a unique plat-
form of extensively phenotyped individuals that will be 
used to explore the interactions between lifestyle factors 
that associate with the development of, or protection 
from, obesity, hypertension, T2D, CVD and CKD. The 
findings from this research platform will subsequently be 
used to develop and test preventive and restorative life-
style and health strategies with the aim of improving the 
health and reducing healthcare costs at the individual 
and population levels.

study status
Data collection started in March 2016. As of the 15 August 
2018, data collection is ongoing and has passed 800 partic-
ipants. Data collection is expected to end in December 
2018.

Author affiliations
1Community Health Sciences, University of Manitoba, Winnipeg, Manitoba, Canada
2George and Fay Yee Centre for Healthcare Innovation, Winnipeg, Manitoba, Canada
3Department of Food and Human Nutritional Sciences, University of Manitoba, 
Winnipeg, Manitoba, Canada
4Agriculture and Agri-Food Canada, Winnipeg, Manitoba, Canada
5Department of Agribusiness and Agricultural Economics, University of Manitoba, 
Winnipeg, Manitoba, Canada
6Health, Leisure and Human Performance Research Institute, University of Manitoba, 
Winnipeg, Manitoba, Canada
7Institute of Cardiovascular Sciences, St. Boniface General Hospital Albrechtsen 
Research Centre, Winnipeg, Manitoba, Canada
8Children’s Hospital Research Institute of Manitoba, Winnipeg, Manitoba, Canada
9Department of Animal Science, University of Manitoba, Winnipeg, Manitoba, 
Canada
10Department of Medical Microbiology, University of Manitoba College of Medicine, 
Winnipeg, Manitoba, Canada
11University of Manitoba College of Nursing, Winnipeg, Manitoba, Canada
12Section of Cardiology, University of Manitoba College of Medicine, Winnipeg, 
Manitoba, Canada
13Department of Internal Medicine, University of Manitoba College of Medicine, 
Winnipeg, Manitoba, Canada
14Chronic Disease Innovation Centre, Seven Oaks General Hospital, Winnipeg, 
Manitoba, Canada
15Department of Pediatrics and Child Health, University of Manitoba, Winnipeg, 
Manitoba, Canada
16Richardson Centre for Functional Foods and Nutraceuticals, University of 
Manitoba, Winnipeg, Manitoba, Canada

Acknowledgements The authors would like to thank all the Manitobans who have 
participated in this study, without your valuable contributions we would not be able 
to undertake this research. The authors would also like to thank the Manitobans 
who took part in focus groups, and who joined the study advisory board, for their 
important contributions to this study. Finally, the authors would like to acknowledge 
the amazing staff involved in making TMPLR study a reality, in particular Stephanie 
Jew, Sandra Castillo-San Juan, Jeann Buenafe, Meaghan Rempel, Katrina Cachero, 
Mark Pinder, Eden Vergara and Kamlesh Patel. 

Contributors DSM and RCM developed the original concept of the study for the 
original grant application with input from co-investigators. DSM prepared the drafts 

of the study protocol manuscript and compiled feedback and changes from other 
authors. RCM and MG assisted in the preparation of the study protocol manuscript. 
PF developed the branding and logo for TMPLR study, and the manuscript 
figures and tables. NCH prepared the data model and was involved in the public 
engagement. SB (project lead, indigenous health), HB (project lead, nutrition), JC, 
TAD (project lead, physical activity), PKE (project lead, genetics), EK (project lead, 
gut microbiome), LML (project lead, biostatistics), DEM (project lead, sleep), SBM, 
AR, NT, MBA (project lead, developmental origins of chronic disease), and PJJ 
(Director) are study co-investigators, and were all involved in writing the original 
grant application. All authors have carefully read, contributed to, and approved the 
final version of the study protocol manuscript.

Funding This work is supported by a grant from Research Manitoba and the 
Province of Manitoba. Financial and in-kind support for the TMPLR program was 
also provided by the Richardson Centre for Functional Foods and Nutraceuticals, 
the George and Fay Yee Centre for Healthcare Innovation, the University of Manitoba 
Office of Research Services, the University of Manitoba Faculty of Agricultural 
and Food Sciences and The Wellness Institute and the Chronic Disease Innovation 
Centre at Seven Oaks Hospital. MG is funded by the Frederick Banting and Charles 
Best Canada Graduate Scholarships-Master’s. MBA holds a Canada Research Chair 
in the Developmental Origins of Chronic Disease. PJJ holds a Canada Research 
Chair in Nutrition and Functional Foods. These entities had no role in the design of 
the project. 

Competing interests None declared.

Patient consent for publication Not required.

Ethics approval Ethics approval has been obtained from the University of 
Manitoba Health Research Ethics Board prior to participant recruitment (protocol 
# HS18951). The study protocol has also been reviewed and approved by the 
Manitoba Health Information Privacy Committee in regards to the collection and 
use of PHIN, The St. Boniface Hospital Research Review Committee in regards 
to the processing of samples at the hospital, and the Winnipeg Regional Health 
Authority (WRHA) Research Access and Approval Committee (RAAC), the Southern 
Health Research Ethics Board, and the Interlake-Eastern Regional Health Authority 
Regional Ethics Committee, in regards to the study taking place in those health 
regions.

Provenance and peer review Not commissioned; externally peer reviewed.

open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http:// creativecommons. org/ licenses/ by- nc/ 4. 0/.

orCId id
Dylan Mackay http:// orcid. org/- 0002- 0751- 1634- 0000- 0002- 0751- 1634

rEFErEnCEs
 1. 2016 Census profile Manitoba. Ottawa: Statistics Canada, 2018.
 2. Canadian Organ Replacement Register annual report: treatment of 

end stage organ failure in Canada. Ottawa: Canadian Institute for 
Health Information (CIHI), 2010.

 3. HEALTH CARE SPENDING IN MANITOBA 2012 TO 2037. Manitoba 
Bureau of Statistics Winnipeg Manitoba. p. 10, 2015.

 4. Herman WH. The Global Burden of Diabetes: An Overview. Dagogo-
Jack S, ed. In Diabetes Mellitus in Developing Countries and 
Underserved Communities. Cham: Springer International Publishing, 
2017:1–5.

 5. Glassock RJ, Warnock DG, Delanaye P. The global burden of chronic 
kidney disease: estimates, variability and pitfalls. Nat Rev Nephrol 
2017;13:104–14.

 6. Strong K, Mathers C, Epping-Jordan J, et al. Preventing chronic 
disease: a priority for global health. Int J Epidemiol 2006;35:492–4.

 7. Khera AV, Emdin CA, Drake I, et al. Genetic risk, adherence 
to a healthy lifestyle, and coronary disease. N Engl J Med 
2016;375:2349–58.

 8. Schwingshackl L, Schwedhelm C, Hoffmann G, et al. Food groups 
and risk of all-cause mortality: a systematic review and meta-analysis 
of prospective studies. Am J Clin Nutr 2017;105:1462–73.

 9. Arem H, Moore SC, Patel A, et al. Leisure time physical activity 
and mortality: a detailed pooled analysis of the dose-response 
relationship. JAMA Intern Med 2015;175:959–67.

 on A
pril 19, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-023318 on 10 O

ctober 2019. D
ow

nloaded from
 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/-0002-0751-1634-0000-0002-0751-1634
http://dx.doi.org/10.1038/nrneph.2016.163
http://dx.doi.org/10.1093/ije/dyi315
http://dx.doi.org/10.1056/NEJMoa1605086
http://dx.doi.org/10.3945/ajcn.117.153148
http://dx.doi.org/10.1001/jamainternmed.2015.0533
http://bmjopen.bmj.com/


9Mackay D, et al. BMJ Open 2019;9:e023318. doi:10.1136/bmjopen-2018-023318

Open access

 10. Xiao Q, Keadle SK, Hollenbeck AR, et al. Sleep duration and total 
and cause-specific mortality in a large US cohort: interrelationships 
with physical activity, sedentary behavior, and body mass index. Am 
J Epidemiol 2014;180:997–1006.

 11. Colley RC, Garriguet D, Janssen I, et al. Physical activity of Canadian 
adults: accelerometer results from the 2007 to 2009 Canadian Health 
Measures Survey. Health Rep 2011;22:7–14.

 12. Canadian Community Health Survey, Cycle 2.2, Nutrition. 2004. 
Ottawa: Health Canada Publications, 2009.

 13. Avilés-Santa ML, Heintzman J, Lindberg NM, et al. Personalized 
medicine and Hispanic health: improving health outcomes and 
reducing health disparities – a National Heart, Lung, and Blood 
Institute workshop report. BMC Proc 2017;11(Suppl 11).

 14. Bashiardes S, Godneva A, Elinav E, et al. Towards utilization of the 
human genome and microbiome for personalized nutrition. Curr Opin 
Biotechnol 2018;51:57–63.

 15. Andersen V, Holmskov U, Sørensen S, et al. A Proposal for a Study 
on Treatment Selection and Lifestyle Recommendations in Chronic 
Inflammatory Diseases: A Danish Multidisciplinary Collaboration 
on Prognostic Factors and Personalised Medicine. Nutrients 
2017;9:499.

 16. Marchesi JR, Adams DH, Fava F, et al. The gut microbiota and host 
health: a new clinical frontier. Gut 2016;65:330–9.

 17. Conlon MA, Bird AR. The impact of diet and lifestyle on gut 
microbiota and human health. Nutrients 2014;7:17–44.

 18. Gillman MW. Developmental origins of health and disease. N Engl J 
Med 2005;353:1848–50.

 19. Raina PS, Wolfson C, Kirkland SA, et al. The Canadian Longitudinal 
Study on Aging (CLSA). Canadian Journal on Aging / La Revue 
canadienne du vieillissement 2009;28:221–9.

 20. Abdelmagid SA, Clarke SE, Roke K, et al. Ethnicity, sex, FADS 
genetic variation, and hormonal contraceptive use influence delta-5- 
and delta-6-desaturase indices and plasma docosahexaenoic acid 
concentration in young Canadian adults: a cross-sectional study. 
Nutr Metab 2015;12:14.

 21. Tigchelaar EF, Zhernakova A, Dekens JA, et al. Cohort profile: 
LifeLines DEEP, a prospective, general population cohort study in 
the northern Netherlands: study design and baseline characteristics. 
BMJ Open 2015;5:e006772.

 22. von Elm E, Altman DG, Egger M, et al. The Strengthening the 
Reporting of Observational Studies in Epidemiology (STROBE) 
statement: guidelines for reporting observational studies. J Clin 
Epidemiol 2008;61:344–9.

 23. Fan B, Shepherd JA, Levine MA, et al. National Health and Nutrition 
Examination Survey whole-body dual-energy X-ray absorptiometry 
reference data for GE Lunar systems. J Clin Densitom 
2014;17:344–77.

 24. Framson C, Kristal AR, Schenk JM, et al. Development and 
validation of the mindful eating questionnaire. J Am Diet Assoc 
2009;109:1439–44.

 25. Csizmadi I, Kahle L, Ullman R, et al. Adaptation and evaluation 
of the National Cancer Institute's Diet History Questionnaire and 
nutrient database for Canadian populations. Public Health Nutr 
2007;10:88–96.

 26. Stunkard AJ, Messick S. The three-factor eating questionnaire to 
measure dietary restraint, disinhibition and hunger. J Psychosom Res 
1985;29:71–83.

 27. Saum KU, Müller H, Stegmaier C, et al. Development and evaluation 
of a modification of the Fried frailty criteria using population-
independent cutpoints. J Am Geriatr Soc 2012;60:2110–5.

 28. Buysse DJ, Reynolds CF, Monk TH, et al. The Pittsburgh Sleep 
Quality Index: a new instrument for psychiatric practice and research. 
Psychiatry Res 1989;28:193–213.

 29. Nasreddine ZS, Phillips NA, Bédirian V, et al. The Montreal Cognitive 
Assessment, MoCA: a brief screening tool for mild cognitive 
impairment. J Am Geriatr Soc 2005;53:695–9.

 30. Sastry N, Fomby P, McGonagle K, et al. Halfon N, ed. Using the 
Panel Study of Income Dynamics (PSID) to Conduct Life Course 
Health Development Analysis, in Handbook of Life Course Health 
Development. Cham: Springer International Publishing, 2018:579–99.

 31. Ergun DL, Rothney MP, Oates MK, et al. Visceral adipose tissue 
quantification using Lunar Prodigy. J Clin Densitom 2013;16:75–8.

 32. Sarafidis PA, Georgianos PI, Karpetas A, et al. Evaluation of a 
novel brachial cuff-based oscillometric method for estimating 
central systolic pressure in hemodialysis patients. Am J Nephrol 
2014;40:242–50.

 33. Wang Y, Ames NP, Tun HM, et al. High Molecular Weight Barley 
β-Glucan Alters Gut Microbiota Toward Reduced Cardiovascular 
Disease Risk. Front Microbiol 2016;7:129.

 34. Ramprasath VR, Eyal I, Zchut S, et al. Supplementation of krill oil 
with high phospholipid content increases sum of EPA and DHA in 

erythrocytes compared with low phospholipid krill oil. Lipids Health 
Dis 2015;14:142.

 35. Mackay DS, Jones PJ, Myrie SB, et al. Methodological 
considerations for the harmonization of non-cholesterol sterol 
bio-analysis. J Chromatogr B Analyt Technol Biomed Life Sci 
2014;957:116–22.

 36. Li H, Tu H, Wang Y, et al. Vitamin C in mouse and human red blood 
cells: an HPLC assay. Anal Biochem 2012;426:109–17.

 37. Derakhshani H, Tun HM, Khafipour E. An extended single-index 
multiplexed 16S rRNA sequencing for microbial community 
analysis on MiSeq illumina platforms. J Basic Microbiol 
2016;56:321–6.

 38. Jones PJ, Leitch CA, Li ZC, et al. Human cholesterol synthesis 
measurement using deuterated water. Theoretical and procedural 
considerations. Arterioscler Thromb 1993;13:247–53.

 39. Leitch CA, Jones PJ. Measurement of human lipogenesis using 
deuterium incorporation. J Lipid Res 1993;34:157–63.

 40. Leitch CA, Jones PJ. Measurement of triglyceride synthesis in 
humans using deuterium oxide and isotope ratio mass spectrometry. 
Biol Mass Spectrom 1991;20:392–6.

 41. Trost SG, McIver KL, Pate RR. Conducting accelerometer-based 
activity assessments in field-based research. Med Sci Sports Exerc 
2005;37(11 Suppl):S531–43.

 42. Prince SA, Adamo KB, Hamel ME, et al. A comparison of direct 
versus self-report measures for assessing physical activity in adults: 
a systematic review. Int J Behav Nutr Phys Act 2008;5:56.

 43. Horne D, Kehler DS, Kaoukis G, et al. Impact of physical activity on 
depression after cardiac surgery. Can J Cardiol 2013;29:1649–56.

 44. Ell K, Unützer J, Aranda M, et al. Routine PHQ-9 depression 
screening in home health care: depression, prevalence, clinical and 
treatment characteristics and screening implementation. Home 
Health Care Serv Q 2005;24:1–19.

 45. Bergman H, Ferrucci L, Guralnik J, et al. Frailty: an emerging 
research and clinical paradigm--issues and controversies. J Gerontol 
A Biol Sci Med Sci 2007;62:731–7.

 46. Korsiak J, Tranmer J, Day A, et al. Sleep duration as a mediator 
between an alternating day and night shift work schedule and 
metabolic syndrome among female hospital employees. Occup 
Environ Med 2018;75:132–8.

 47. Feige B, Baglioni C, Spiegelhalder K, et al. The microstructure 
of sleep in primary insomnia: an overview and extension. Int J 
Psychophysiol 2013;89:171–80.

 48. Williams JM, Kay DB, Rowe M, et al. Sleep discrepancy, sleep 
complaint, and poor sleep among older adults. J Gerontol B Psychol 
Sci Soc Sci 2013;68:712–20.

 49. Kirkpatrick SI, Gilsing AM, Hobin E, et al. Lessons from studies to 
evaluate an online 24-hour recall for use with children and adults in 
Canada. Nutrients 2017;9(2):100.

 50. Bao Y, Bertoia ML, Lenart EB, et al. Origin, methods, and 
evolution of the three nurses' health studies. Am J Public Health 
2016;106:1573–81.

 51. Cohen S, Doyle WJ, Turner RB, et al. Childhood socioeconomic 
status and host resistance to infectious illness in adulthood. 
Psychosom Med 2004;66:553–8.

 52. Cohen S, Janicki-Deverts D, Turner RB, et al. Childhood 
socioeconomic status, telomere length, and susceptibility to upper 
respiratory infection. Brain Behav Immun 2013;34:31–8.

 53. Cristofaro SL, Cleary SD, Ramsay Wan C, et al. Measuring trauma 
and stressful events in childhood and adolescence among patients 
with first-episode psychosis: initial factor structure, reliability, 
and validity of the Trauma Experiences Checklist. Psychiatry Res 
2013;210:618–25.

 54. Burgermeister D. Childhood adversity: a review of measurement 
instruments. J Nurs Meas 2007;15:163–76.

 55. Roos LL, Brownell M, Lix L, et al. From health research to 
social research: privacy, methods, approaches. Soc Sci Med 
2008;66:117–29.

 56. Feng P, Zhou XH, Zou QM, et al. Generalized propensity score for 
estimating the average treatment effect of multiple treatments. Stat 
Med 2012;31:681–97.

 57. Little RJ, Rubin DB. Causal effects in clinical and epidemiological 
studies via potential outcomes: concepts and analytical approaches. 
Annu Rev Public Health 2000;21:121–45.

 58. Stukel TA, Fisher ES, Wennberg DE, et al. Analysis of observational 
studies in the presence of treatment selection bias: effects of 
invasive cardiac management on AMI survival using propensity score 
and instrumental variable methods. JAMA 2007;297:278–85.

 59. Meng C, Zeleznik OA, Thallinger GG, et al. Dimension reduction 
techniques for the integrative analysis of multi-omics data. Brief 
Bioinform 2016;17:628–41.

 on A
pril 19, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-023318 on 10 O

ctober 2019. D
ow

nloaded from
 

http://dx.doi.org/10.1093/aje/kwu222
http://dx.doi.org/10.1093/aje/kwu222
http://www.ncbi.nlm.nih.gov/pubmed/21510585
http://dx.doi.org/10.1186/s12919-017-0079-4
http://dx.doi.org/10.1016/j.copbio.2017.11.013
http://dx.doi.org/10.1016/j.copbio.2017.11.013
http://dx.doi.org/10.3390/nu9050499
http://dx.doi.org/10.1136/gutjnl-2015-309990
http://dx.doi.org/10.3390/nu7010017
http://dx.doi.org/10.1056/NEJMe058187
http://dx.doi.org/10.1056/NEJMe058187
http://dx.doi.org/10.1017/S0714980809990055
http://dx.doi.org/10.1017/S0714980809990055
http://dx.doi.org/10.1186/s12986-015-0010-9
http://dx.doi.org/10.1136/bmjopen-2014-006772
http://dx.doi.org/10.1016/j.jclinepi.2007.11.008
http://dx.doi.org/10.1016/j.jclinepi.2007.11.008
http://dx.doi.org/10.1016/j.jocd.2013.08.019
http://dx.doi.org/10.1016/j.jada.2009.05.006
http://dx.doi.org/10.1017/S1368980007184287
http://dx.doi.org/10.1016/0022-3999(85)90010-8
http://dx.doi.org/10.1111/j.1532-5415.2012.04192.x
http://dx.doi.org/10.1016/0165-1781(89)90047-4
http://dx.doi.org/10.1111/j.1532-5415.2005.53221.x
http://dx.doi.org/10.1016/j.jocd.2012.09.002
http://dx.doi.org/10.1159/000367791
http://dx.doi.org/10.3389/fmicb.2016.00129
http://dx.doi.org/10.1186/s12944-015-0142-y
http://dx.doi.org/10.1186/s12944-015-0142-y
http://dx.doi.org/10.1016/j.jchromb.2014.02.052
http://dx.doi.org/10.1016/j.ab.2012.04.014
http://dx.doi.org/10.1002/jobm.201500420
http://dx.doi.org/10.1161/01.ATV.13.2.247
http://www.ncbi.nlm.nih.gov/pubmed/8383169
http://dx.doi.org/10.1002/bms.1200200611
http://dx.doi.org/10.1249/01.mss.0000185657.86065.98
http://dx.doi.org/10.1186/1479-5868-5-56
http://dx.doi.org/10.1016/j.cjca.2013.09.015
http://dx.doi.org/10.1300/J027v24n04_01
http://dx.doi.org/10.1300/J027v24n04_01
http://dx.doi.org/10.1093/gerona/62.7.731
http://dx.doi.org/10.1093/gerona/62.7.731
http://dx.doi.org/10.1136/oemed-2017-104371
http://dx.doi.org/10.1136/oemed-2017-104371
http://dx.doi.org/10.1016/j.ijpsycho.2013.04.002
http://dx.doi.org/10.1016/j.ijpsycho.2013.04.002
http://dx.doi.org/10.1093/geronb/gbt030
http://dx.doi.org/10.1093/geronb/gbt030
http://dx.doi.org/10.3390/nu9020100
http://dx.doi.org/10.2105/AJPH.2016.303338
http://dx.doi.org/10.1097/01.psy.0000126200.05189.d3
http://dx.doi.org/10.1016/j.bbi.2013.06.009
http://dx.doi.org/10.1016/j.psychres.2013.06.015
http://dx.doi.org/10.1891/106137407783095766
http://dx.doi.org/10.1016/j.socscimed.2007.08.017
http://dx.doi.org/10.1002/sim.4168
http://dx.doi.org/10.1002/sim.4168
http://dx.doi.org/10.1146/annurev.publhealth.21.1.121
http://dx.doi.org/10.1001/jama.297.3.278
http://dx.doi.org/10.1093/bib/bbv108
http://dx.doi.org/10.1093/bib/bbv108
http://bmjopen.bmj.com/


10 Mackay D, et al. BMJ Open 2019;9:e023318. doi:10.1136/bmjopen-2018-023318

Open access 

 60. Sterne JA, White IR, Carlin JB, et al. Multiple imputation for missing 
data in epidemiological and clinical research: potential and pitfalls. 
BMJ 2009;338:b2393.

 61. NRC. The Prevention and Treatment of Missing Data in Clinical 
Trials, in Principles and Methods of Sensitivity Analyses: National 
Academies Press Washington DC., 2010.

 62. Tworoger SS, Hankinson SE. Use of biomarkers in epidemiologic 
studies: minimizing the influence of measurement error in the study 
design and analysis. Cancer Causes Control 2006;17:889–99.

 63. Cella D, Chang CH. A discussion of item response theory and its 
applications in health status assessment. Med Care 2000;38(9 
Suppl):II66–72.

 64. Sawatzky R, Ratner PA, Kopec JA, et al. Latent variable mixture 
models: a promising approach for the validation of patient reported 
outcomes. Qual Life Res 2012;21:637–50.

 65. Teresi JA, Fleishman JA. Differential item functioning and health 
assessment. Qual Life Res 2007;16(Suppl 1):33–42.

 66. Harrell FE, Lee KL, Mark DB. Multivariable prognostic models: 
issues in developing models, evaluating assumptions and 
adequacy, and measuring and reducing errors. Stat Med 
1996;15:361–87.

 67. Sajobi TT, Lix LM, Clara I, et al. Measures of relative importance for 
health-related quality of life. Qual Life Res 2012;21:1–11.

 68. Lix LM, Yan L, Blackburn D, et al. Validity of the RAI-MDS for 
ascertaining diabetes and comorbid conditions in long-term care 
facility residents. BMC Health Serv Res 2014;14:17.

 69. Lix LM, Algina J, Keselman HJ. Analyzing multivariate repeated 
measures designs: a comparison of two approximate degrees of 
freedom procedures. Multivariate Behav Res 2003;38:403–31.

 70. Beaumont JL, Lix LM, Yost KJ, et al. Application of robust statistical 
methods for sensitivity analysis of health-related quality of life 
outcomes. Qual Life Res 2006;15:349–56.

 71. Schousboe JT, Tanner SB, Leslie WD. Definition of osteoporosis by 
bone density criteria in men: effect of using female instead of male 
young reference data depends on skeletal site and densitometer 
manufacturer. J Clin Densitom 2014;17:301–6.

 72. Poggio ED, Rule AD, Tanchanco R, et al. Demographic and clinical 
characteristics associated with glomerular filtration rates in living 
kidney donors. Kidney Int 2009;75:1079–87.

 73. Herbert A, Cruickshank JK, Laurent S, et al. Establishing reference 
values for central blood pressure and its amplification in a general 
healthy population and according to cardiovascular risk factors. Eur 
Heart J 2014;35:3122–33.

 74. Cheng YJ, Kahn HS, Gregg EW, et al. Recent population changes 
in HbA(1c) and fasting insulin concentrations among US adults with 
preserved glucose homeostasis. Diabetologia 2010;53:1890–3.

 on A
pril 19, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-023318 on 10 O

ctober 2019. D
ow

nloaded from
 

http://dx.doi.org/10.1136/bmj.b2393
http://dx.doi.org/10.1007/s10552-006-0035-5
http://dx.doi.org/10.1097/00005650-200009002-00010
http://dx.doi.org/10.1007/s11136-011-9976-6
http://dx.doi.org/10.1007/s11136-007-9184-6
http://dx.doi.org/10.1002/(SICI)1097-0258(19960229)15:4<361::AID-SIM168>3.0.CO;2-4
http://dx.doi.org/10.1007/s11136-011-9914-7
http://dx.doi.org/10.1186/1472-6963-14-17
http://dx.doi.org/10.1207/s15327906mbr3804_1
http://dx.doi.org/10.1007/s11136-005-2293-1
http://dx.doi.org/10.1016/j.jocd.2013.09.008
http://dx.doi.org/10.1038/ki.2009.11
http://dx.doi.org/10.1093/eurheartj/ehu293
http://dx.doi.org/10.1093/eurheartj/ehu293
http://dx.doi.org/10.1007/s00125-010-1800-2
http://bmjopen.bmj.com/

	The Manitoba Personalized Lifestyle Research (TMPLR) study protocol: a multicentre bidirectional observational cohort study with administrative health record linkage investigating the interactions between lifestyle and health in Manitoba, Canada
	Abstract
	Introduction
	Methods
	Design
	Setting
	Objectives of the study
	Inclusion and exclusion criteria
	Recruitment
	Sample size
	Data collection and assessments
	Questionnaires
	Anthropometric assessment
	Clinical health assessment
	Collection of bio-specimens
	Clinical chemistry in blood and urine
	Microbiome analyses in faecal samples
	Deuterium oxide administration
	Physical activity and capacity testing
	Sleep assessment
	Dietary assessment
	Early life experiences

	Data quality assurance and control
	Linkage to administrative health data
	Statistical analyses
	Patient and public involvement
	Provision of clinical results to participants
	Ethics and dissemination

	Discussion
	Study status

	References


