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How to….obtain accurate objective measurements of health at a distance 

Brett, C. E. & Deary, I. J. 

Abstract 

Large scale longitudinal studies are an excellent tool for increasing our understanding of the 

aetiology of health and disease. Obtaining accurate measures of health status is important in these 

kinds of studies. However, self-report measures of health are subject to bias and obtaining objective 

health measures can be costly. This paper outlines the process and challenges of designing a home 

testing kit to enable participants to obtain objective health measures themselves, using the example 

of a new cohort study, the 6-Day Sample.  

 

Introduction: the problem 

Longitudinal cohort or population-based studies are an invaluable tool for addressing 

epidemiological questions around the causes and correlates of health (Cooper et al, 2012, Kuh et al, 

2003, Pearson, 2011). Asking a large number of individuals the same questions increases statistical 

power and enables researchers to investigate the influence of confounding variables such as age, 

sex, geography, educational and occupational level. Obtaining a measure of health status – both past 

and present – is essential.  

 

Traditionally, large scale studies have favoured self-report as a means of collecting this data, with a 

considerable literature on the reliability and predictive validity of self-reported health (Idler & 

Benyamini, 1997, DeSalvo et al, 2006, Kuhn et al, 2006). However, obtaining accurate self-report 

measures of current health status can be problematic. It is well known that people tend to over-

estimate participation in positive health behaviours such as physical activity (Prince et al, 2008) or 

healthy eating (Schoeller, 1990) and underestimate negative health behaviours such as drinking 

(Stockwell et al, 2004) and smoking (Connor-Gorber et al, 2009). Even simple physical measures 

such as height and weight are often reported inaccurately. Height is generally over-estimated, 
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particularly among shorter (Stewart, 1982, Gunnell et al, 2000) and overweight adults (Rowland, 

1990, Vailas & Nitzke, 1998). Older adults frequently over-estimate their height, perhaps reporting 

height from an earlier age (Gunnell et al, 2000, Sahyoun et al, 2008, Shiely et al, 2013). Weight is 

often inaccurately reported (Rowland, 1990, Vailas & Nitzke, 1998, Sahyoun et al, 2008, Shiely et 

al, 2013). As Body Mass Index (BMI), which is calculated from height and weight, is a vital 

indicator of health status, these self-report inaccuracies can have implications for a study’s findings.  

 

To overcome these limitations, researchers have placed increasing emphasis on objective 

measurements of health, including so-called biomarkers, which embody sub-clinical changes in 

health which might act as precursors to disease and poor health. In aging research, biomarkers 

represent the underlying biological and physiological processes of aging, enabling researchers to 

calculate a more accurate measure of an individual’s physiological and functional age than 

chronological age alone (Baker & Sprott, 1988, Anstey & Smith, 1999, Sprott, 2010). In order to 

collect objective health measurements, many studies, such as the English and Scottish Health 

Surveys1 and the UK Biobank, (Allen et al, 2012) now conduct extensive physical and/or cognitive 

testing of their participants. This approach maximises the quality of the data collected through 

detailed protocols and careful training, and allows for the safe collection of blood and other 

biological samples. 

 

But for many studies this approach is impossible due to costs or practicalities, or inappropriate due 

to the nature of the sample population. Researchers are looking to find new ways of obtaining 

accurate, objective measures of physical health that can be administered by individuals themselves 

with minimal expenditure.  

 

Methods: the 6-Day Sample study 

                                                           
1 http://healthsurvey.hscic.gov.uk/support-guidance/public-health/health-survey-for-england.aspx, 

http://www.scotland.gov.uk/Topics/Statistics/Browse/Health/scottish-health-survey 

http://healthsurvey.hscic.gov.uk/support-guidance/public-health/health-survey-for-england.aspx
http://www.scotland.gov.uk/Topics/Statistics/Browse/Health/scottish-health-survey
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The current article outlines the measures used in a new longitudinal cohort study, the 6-Day Sample 

(Deary, Whalley, & Starr, 2009, Brett & Deary, 2014). This group of 1208 individuals, born on 6 

days of 1936, were chosen as a representative sample of the Scottish population. They were 

followed up from age 11 to 27, providing comprehensive information on their intelligence, family, 

personal characteristics and educational and occupational attainment. This group has been traced 

and survivors living throughout Scotland, England, and Wales were invited to a follow-up study of 

health and wellbeing in old age. The study investigators were keen to obtain multiple markers of 

physical health, which, due to the geographical spread of participants, their age and the potential 

burden of travelling to Edinburgh for testing, needed to be conducted by participants themselves at 

home.  

 

Choosing what (and what not) to measure and devising a testing kit.  

The decision as to which measures to include should be informed by the study’s research questions 

and hypotheses. These choices are often made by principal investigators well in advance of 

applying for research funding or ethical approval. Implementing their suggestions and selecting a 

suitable set of tests for inclusion in the study protocol can require tact and diplomacy. Consideration 

needs to be given to practicalities, with only the most accurate, effective and least burdensome tests 

chosen. There is little point devising a complex and ingenious testing kit if participants will take 

one look and throw it away. 

 

The 6-Day Sample study consists of eight workstreams each with unique research questions and 

hypotheses. These included genetics, stress reactivity, and general health. The first two required the 

collection of saliva samples for DNA and cortisol analysis (Heaney et al, 2010). A range of 

biomarkers were chosen to measure general health, all of which have been related to morbidity and 

mortality in older adults: BMI (Rantanen et al, 2000), waist-hip ratio (Price et al, 2006, Srikanthan 

et al, 2009), leg length (Gunnell et al, 1998), balance (Berkman et al, 1993, Klein et al, 2005) 
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function (Cook et al, 1993, Cook et al, 1995, Knudtson et al, 2009), and arm strength (Doherty, 

2003, Manor et al, 2006).  

 

Sourcing instructions and equipment 

It is essential that all participants complete the tests in the same way. This ensures the validity of the 

data and protects the study’s scientific integrity. The physical testing ‘kit’ should be designed to 

maximise the consistency and reliability of results across participants of varying levels of functional 

and cognitive ability. As participants will complete these tests without the presence of a researcher, 

it is essential that the tests are easy to use, with clear and accurate instructions, and that participants 

are provided with everything they need to complete the tests correctly.  

 

The methods sections of relevant papers can be a useful source of instructions, and equipment 

manufacturers will often be willing to provide sample equipment alongside accurate instructions. 

The internet can be a useful source if used with caution and a well-thought-out search strategy. 

Ideally, all instructions used should be replicated across multiple sources.  

 

When devising the kit, it is good practice to be prepared for every eventuality. Simple things can 

make the difference between success and failure. For example, ensuring correct postage and 

addresses are on all return envelopes, packaging the kit carefully to minimise damage in transit, 

providing suitable packaging for the safe (and legal) return of biological samples, ensuring study 

contact details are clearly visible in case participants have questions, designing a user-friendly 

answer sheet that allows flexibility while minimising error, and making sure that all items returned 

from each participant can be identified. 

 

Trial all equipment and instructions – on yourself, colleagues, and age-appropriate individuals – 

before finalising the testing kit and committing to bulk purchases. In the 6-Day Sample study, peak 
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flow meters from two manufacturers were purchased and their reliability compared. The whole 

testing kit was trialled by willing age-appropriate volunteers, who were encouraged to give honest 

and detailed feedback.  

 

The contents of the 6-Day Sample testing kit are shown in Table 1.  

 

Measure Test Equipment provided 

BMI Height / Weight Pencil 

3m flexible tape measure 

Body morphometry Waist, hip & calf 

circumference 

Tape measure 

 

Leg length 

Arm strength Elbow flexions 1.5m low resistance TheraBand 

Countdown timer 

Balance One leg stand Countdown timer 

Lung function Peak expiratory flow Peak flow meter 

Genetics Saliva sample Oragene testing kit 

Stress reactivity Salivary cortisol 3 x Salivette cortisol tubes 

General N/A Branded pen & badge, 3 x postage paid 

return envelopes, 12-page A5 

instruction booklet, DVD 

Table 1: Contents of the 6-Day Sample physical testing kit 

 

Creating an instructional video 

One way of facilitating the correct completion of physical tests is to demonstrate them in a video. 

This should not be undertaken lightly. The costs of producing a video professionally may be beyond 

the reach of many research studies, and completing the task in-house – as was done for the 6-Day 

Sample study – is time-consuming. However, the benefits in terms of participation and consistency 

are plentiful.  
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The video should cover each and every aspect of the physical testing measurements, preferably 

demonstrated by someone close to the participants’ age. Creating a storyboard and script in advance 

facilitates this process and ensures that sufficient and appropriate footage is shot. The script should 

be economical and match the written instructions. The footage itself should be shot against a plain 

background to reduce distraction, using the same testing kit that participants will receive. If editing 

the video yourself, allow plenty of time – especially if inexperienced. The 6-Day Sample video took 

2 weeks to edit 30 minutes of footage. Still shots or pictures are useful in instances when the 

narrative outruns the video footage. 

 

Quality control 

Participants may still make mistakes while completing the physical testing. Documented quality 

control measures are needed to check the integrity of the data received. If samples are being 

collected, these will often be processed at a laboratory with their own, robust, quality control checks 

in place. For other measures, a simple check involves looking for, and possibly removing, 

impossible values or extreme outliers.  

 

Results 

The 6-Day Sample study achieved a return rate of 27.3%. Comparison of childhood intelligence 

data revealed a one standard deviation difference in intelligence between responders and refusals 

(IQ = 115.59 vs 99.87, F=15.037, p<.001). Most participants completed all the physical measures, 

with very few impossible values, and the vast majority of genetic and cortisol samples received 

were of sufficient quality for analysis. Ten participants were also members of the Lothian Birth 

Cohort (LBC) 1936 (Deary et al, 2007), and had undergone extensive physical and cognitive testing 

within a year of our study. Their results from the equivalent measures within the two studies were 

compared (Table 2).  
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Measure LBC Wave 3 6-Day Sample Correlation p 

Height (cm) 165.95 169.44 .841 .002 

Weight (kg) 78.00 78.85 .761 .011 

Peak expiratory 

flow 

320.83 381.93 .703 .023 

Arm strength*   .389 .266 

Table 2: comparison of LBC and 6-Day Sample measures. N = 10. 

*LBC = grip strength (dominant hand), 6-Day Sample = number of elbow flexions completed in 30 seconds.  

 

Consistent with previous research, height was overestimated and weight underestimated.  

 

Conclusion and implications 

Collecting objective measures of current health status is important for large-scale studies. The 

experience of the 6-Day Sample study has shown that valid measures can be obtained at a distance. 

Despite our best efforts, the observed difference in intelligence between participants and non-

participants suggests that some potential participants may have been put off by the cognitive 

complexity of completing these tests (and a lengthy questionnaire) at home (Bowling, 2005). 

Additionally, the discrepancies noted in a small group between the self-administered and clinic-

administered measures suggest that further validation of the physical tests may be required.  
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