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Abstract 
 
Collecting accurate records of dietary intake is quickly becoming indispensable as it forms 

the foundation of prospective research of future individual risk of diet-related diseases. The 

many logistical and financial limitations of conventional methods have encouraged the 

search for more accurate and novel means of measuring dietary intake. The escalating 

popularity of smartphones, with currently 66% of the adult population owning a 

smartphone (Ofcom, 2015), was met with a rise in the availability of dietary applications 

that are commercially available on app stores such as iTunes and Google Play. The use of 

smartphone technology has steadily gained interest in the dietetic profession with usability 

features that offers potential to conduct dietary assessments. Therefore, this review aims 

to evaluate the nature of dietary assessment and investigate the potential of smartphone 

technology to challenge traditional methods in relation to its ability to facilitate dietary 

assessment.    
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CHAPTER 1 INTRODUCTION  
 

1.1 Background  
 

The past century has witnessed a surge in the use of mobile devices such as the Android, 

Blackberry and IPhone which are installed with smartphone technology. Ofcom reported 

that the UK has become a “smartphone society” with smartphones now in the pockets of 

66% of the adult population, which has increased by 27% since 2012 Figure 1 (Ofcom, 2015). 

Smartphones are mobile devices with a touch-screen feature and computer-like capabilities 

such as accessing the internet (Lieffers, Vance, & Hanning, 2014). Smartphones in particular 

have not only gripped an increasing number of consumers worldwide but their escalating 

popularity has prompted their use in the healthcare profession (Martin et al., 2016). Mobile 

phones are intuitively appealing devices as they have features such as wireless 

communication, built-in cameras, global positioning systems and portable designs (Sharp & 

Allman-Farinelli, 2014). This allows them to be suitable intervention platforms for dietary 

research as they are always carried and are not associated with stigma (Lieffers & Hanning, 

2012). Synonymous with the increased use of smartphones is the ever-increasing popularity 

of health, fitness and well-ness related smartphone applications (apps) that are 

commercially available in online stores such as the Google app store and ITunes (Chen, 

Cade, & Allman-Farinelli, 2015). Nutrition applications in particular are becoming 



6 | P a g e  
 

increasingly available and offer potential for use as a tool for recording and analysing dietary 

data in both public health and clinical practice (Lieffers & Hanning, 2012). A study conducted 

in Canada by Lieffers, Vance, & Hanning (2014) reported that 69.4% of dietitians used 

mobile devices in practice with 58% using smartphones.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Smartphone ownership by age, Retrieved from The Communications Market Report by 
Ofcom (2015). 
 
 
The ability to collect reliable and detailed records of dietary intake is rapidly becoming 

indispensable as it is a valuable tool in both clinical and epidemiological research. This 

includes prospective investigation of future individual risk of nutrition-related chronic 

diseases such as diabetes and cancer as well as assessing the nutritional status of an 

individual to aid the regulation and monitoring of treatment. This has encouraged the 

search for accurate methods of assessing habitual dietary intake (Bingham et al., 1994). An 

accurate method of recording habitual food intake has been defined to be “one in which 

the subject ate as (s)he would have done had (s)he not been under observation” 
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(Macdiarmid & Blundell, 1998). There are currently numerous self-reported methods of 

dietary assessment with the most common being diet history (Food frequency 

questionnaires), interviews (24 hour recall) and food records (the 7 day food diary).  Dietary 

information collected by these and other similar self-reported methods are often 

compromised as they inherently contain dietary reporting errors (Hongu et al., 2015). 

Specific limitations include a need for respondents to be motivated to complete food 

diaries, as well as good recall skills of brand names and estimated portion sizes (Welch et 

al., 2001). These methods would therefore require a well-trained assessor which could be 

costly. The researcher would also be required to manually code and process dietary data 

for analysis, this difficulty in particular has limited the use of food records in large scale 

studies while also being very costly (Welch et al., 2001).    

 

Validation studies using objective measures such as biomarkers and measurements of 

energy expenditure have documented serious underreporting and other errors (Goldberg 

& Black, 1998). It is now confidently established that the fundamental obstacle preventing 

the collection of valid records of habitual food intake for nutritional research is misreporting 

of dietary intake by the respondents (Macdiarmid & Blundell, 1998. While all methods do 

provide valuable information on dietary intake, the development of modestly improved 

methods could help address these and other shortcomings of traditional reporting 

techniques (Hongu et al., 2015).  
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CHAPTER 2 
 
The following chapter will focus on the uses of dietary information, selecting the 

appropriate dietary assessment tool, the general processes involved in dietary assessment 

and potential sources of errors when measuring usual dietary intake. 

2.1 Uses of dietary information  
 

In many instances, studies on habitual dietary intake are necessary for quantifying the 

intake of nutrients and energy available for metabolism (Rutishauser, 2005) and for 

dietary guidelines to be set for each population group (K. Chun, 2012). Collecting 

information on usual intake is essential as dietary recommendations are expected to 

be met over time (Coulston, Boushey, & Ferruzzi, 2013). Dietary information allows 

relationships between dietary factors and risk of disease to be considered and investigated 

(Coulston, Boushey & Ferruzzi, 2013; Tarasuk & Brooker, 1997). The latter point is getting 

more important as the world is facing an obesity epidemic with high incidence of cancers 

and cardiovascular disease (K. Chun, 2012).  Dietary information is also used to assess as 

well as monitor the nutritional status of an individual in clinical settings (Fisberg, 

Marchioni, & Colucci, 2009). As there are several methods of collecting dietary 

information the primary goal of investigating dietary intake must be clear before an 

appropriate dietary assessment method can be chosen (Hambrœus, 1998).2  .2 EVA 

LUATING DIETARY ASSESSMENT METHODOL 
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2.2 Evaluating dietary assessment Methodology 
 
2.2.1 Measuring usual intake 
 
Usual intake is the customary intake of food consumed over the long-term or habitually. 

However, food consumption is not static: it is complex and changes in response to multiple 

biological and environmental influences such as appetite, illness, physical activity, seasons 

of the year, holidays and personal economic circumstances (Institute of Medicine, 2002). 

These variations challenge researchers when investigating the number of days required to 

allow usual intake of individuals and groups to be represented and has been suggested to 

be the largest source of random error in dietary assessment methodology (Institute of 

Medicine, 2002).   

The minimum recording period depends on the objectives of the study and the nutrient(s) 

being investigated (Rutishauser, 2005). Coulston, Boushey, & Ferruzzi (2013) suggest 7-14 

days of 24hr recalls is required to collect sufficient information on most food groups and 

nutrients for clinical assessment, whereas, a minimum of only 2 days is required to assess 

the link between usual diet and future population risk of disease. However, the majority of 

authors that have investigated the number of days required for nutrients suggest that 7 or 

more days is sufficient for energy and macronutrients and some minerals accounting for 

weekday variations (Biró, Hulshof, Ovesen, & Amorim Cruz, 2002), whereas micronutrients 

that have shown large day to day variation such as cholesterol and vitamins require 20 or 

more days (Basiotis, Welsh, Cronin, Kelsay & Mertz, 1987).  
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Current research emphasizes the risk of misreporting if individuals were to record their 

dietary intake for more than 4-days due to the heavy burden of the task and growing 

respondent fatigue (Biró, Hulshof, Ovesen, & Amorim Cruz, 2002; Coulston, Boushey, & 

Ferruzzi, 2013; K. Chun, 2012). The dynamic nature of dietary intake advocates for within 

and between-individual variability to be considered when interpreting dietary data as they 

can lead to statistical precision and accuracy of estimates of intake being adversely affected, 

thereby distorting relationships between nutrient consumption and disease risk (Basiotis, 

Welsh, Cronin, Kelsay & Mertz, 1987). 

 
2.2.2 The processes involved in dietary assessment 
 

The procedure of dietary assessment occurs in three stages: data collection, data analysis 

and validation. Bingham (1987) cited in Gibney, Vorster, & Kok (2002) highlighted four 

potential sources of errors that can occur during dietary assessment in all methods to 

different extents (Figure 2). These include; 1) response bias 2) Sampling bias 3) 

inappropriate coding of foods, food composition tables 4) the dietary assessment method. 

Comprehending both the nature and consequences of errors that occur in dietary 

measurements allows for continuous improvement of methodologies and informed 

decisions to be made from existing sources of information (Hebert et al., 2014). Figure 3 

summarises the relationships between the errors and processes of dietary assessment.  
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Figure 2: The processes involved in dietary assessment. The dietary assessment method 
chosen will influence the extent of the errors at each stage of the process as well as the 
factors influencing the measure of dietary intake. Assessing the validity and reproducibility 
of dietary assessment methods is essential to assess the performance of the dietary 
assessment method used. 
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2.3 Measurement errors  
 

“dietary intake cannot be estimated without error and probably never will” 

(Beaton, 1994) 

Usual intake of free-living individuals can only be determined from self-reporting or self-

monitoring of food intake as it would be impractical for individuals to be directly observed 

by the investigator (Macdiarmid & Blundell, 1998). Therefore, dietary information collected 

is prone to errors and distortion by the individuals recording (Whybrow et al., 2015). 

However, Subar et al. (2015) argues that although measurement errors in dietary 

assessment are well-documented, it is suggested to continue to consider self-reported 

dietary information as they contribute rich and critical insight into the food and beverages 

consumed by the population. 

The errors can be of two types: random and systematic. Random errors were reported to 

be inherent in dietary measurements as they are influenced by day to day variations in 

dietary intake that occurs within and between individuals. This increases the variance of 

dietary intake measurements thereby reducing their precision (Jackson, Byrne, Magarey, & 

Hills, 2007; Rutishauser, 2005). They can also occur when mistakes are made documenting 

and coding during data analysis which can also affect validity (Gibney, Vorster, & Kok, 2002). 

As previously discussed, random errors can be reduced by increasing the number of days’ 

dietary intake is measured (Jackson, Byrne, Magarey, & Hills, 2007). In contrast, systematic 

errors cannot be reduced by increasing the number of observations recorded as they are 

attributed to errors that are non-randomly distributed across groups which can 



13 | P a g e  
 

consequently affect validity such as behavioral and psychological characteristics of the 

participants, they can however be picked up and counteracted by using multiple methods 

of dietary assessment (Lennernas, 1998). 

2.3.1 Errors associated with individuals 
 
Published studies have identified distinct characteristics of implausible reporters which 

have been thoroughly discussed by Macdiarmid & Blundell (1998) and Livingstone & Black 

(2003). These include the following;  

Psychological  factors  
An accumulation of studies discussed psychological factors as strong contributors to 

systematic bias in reported intake. It has been suggested that dietary assessment methods 

should not only be seen as tools for collecting dietary information but can also act as 

“psychosocial and cognitive instruments” (Macdiarmid & Blundell, 1998). Macdiarmid & 

Blundell (1998) emphasize the importance of psychology in understanding why individuals 

misreport their intake, particularly as many complex cognitive processes are incorporated 

in dietary reporting (Coulston, Boushey, & Ferruzzi, 2013). Common instruments used in the 

literature to study this hypothesis include the Fear of Negative Evaluation Scale which 

measures level of concern, Marlowe-crowne social desirability scale assessing an 

individual’s perception of what is socially acceptable or appropriate and the Three factor 

eating questionnaire (Poslusna, Ruprich, de Vries, Jakubikova, & van't Veer, 2009) assessing 

the degree of dietary restraint, disinhibition and hunger.  
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Social desirability (SD) has been consistently associated with misreporting (Gemming, Jiang, 

Swinburn, Utter, & Mhurchu, 2013; Hebert et al., 2014; Macdiarmid & Blundell, 1998; 

Novotny et al., 2003; Scagliusi et al., 2009). The increase in screen based activities have led 

to increased exposure to TV shows and advertisements promoting interest in cosmetic 

surgeries, makeovers and model like figures encouraging body dissatisfaction, low self-

esteem, depression and eating habits that lead to implausible reported intakes (Gemming, 

Jiang, Swinburn, Utter, & Mhurchu, 2013). The influence of SD has been divided by gender 

with SD led responses by women more likely to influence under reporting than men. This is 

supported by Novotny et al. (2003) whose study primarily assessed the association between 

body adiposity and underreporting in a heterogeneous population group, however, social 

desirability scores among women predictably presented itself as a strong source of bias. 

This implies that women may have under estimated their reported intake acting in defense 

of being perceived as behaving in an indulgent manner which is seen as socially undesirable 

(Novotny et al., 2003). It has also been reported that girls as early as their teen years are 

susceptible to diet-related guilt which could also motivate the social desirability bias 

(Novotny et al., 2003).  

A thorough examination of psychological factors of individuals allows for misreporting to be 

identified and excluded to minimize systematic bias.  

 

Education and cognitive skills such as literacy and numeracy skills have been attributed as 

a variable for implausible reporting. Low educational attainment was associated with a high 
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degree of underreporting (Macdiarmid & Blundell,1998) however, studies do show mixed 

findings (Lutomski, van den Broeck, Harrington, Shiely, & Perry, 2010).  This relationship has 

been suggested to be due to variations in language skills and higher incidence of mental 

health problems in low-income population groups (Lutomski, van den Broeck, Harrington, 

Shiely, & Perry, 2010). 

 

Weight or BMI has been the most consistent variable cited in literature to be associated 

with the probability of misreporting. Under-reporting is predicted to rise with BMI 

(Livingstone & Black, 2003). However, the evidence supporting this has been controversial. 

Respondents with a BMI of less than 25 are also likely to under-report while those with a 

BMI of over 25 may not (Livingstone & Black, 2003). The increasing association between 

high BMI and under-reporting has been suggested to be due to population-participation 

bias as those likely to take part in dietary surveys could be obese (Lissner, 2002).  The impact 

of social desirability bias has also been suggested to be greater among obese participants 

(Lissner, 2002) as they are greater target of social pressures to lose weight and may use 

these studies as opportunities to lose weight (Macdiarmid & Blundell, 1998), however, 

social desirability bias has been shown not to be limited to obese population groups 

(Scagliusi et al., 2009). 
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2.3.2 Errors associated with Investigators 
 
The evaluators of dietary assessment introduce bias in the assessment process particularly 

during coding and analysis of dietary data. Beaton (1994) strongly suggested that a 

discussion of errors in dietary assessment must include the impact of sampling bias. It is 

seen as a concern when respondents refuse to participate in dietary reporting as it leads to 

dietary data collected being unrepresentative of the general population. Further 

implications arise when data is processed using food composition tables due to variability 

in the composition of foods and limited coverage of foods available.  

 

 

2.3.3 Errors associated with Methods 
 
This thesis aims to examine the potential of smartphone technology to act as a viable tool 

for dietary assessment. A review of the strengths and limitations of contemporary methods 

of dietary assessment allows the qualities of smartphones as novel methods to be fairly 

compared. 

Three approaches to dietary assessment have been extensively used which include dietary 

records (estimated or weighed), 24 hour recalls and Food frequency questionnaire (FFQ) 

(Vucic et al., 2009) Table 1. 
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Table 1: An outline of the three most common “traditional” dietary assessment methods, the 24-recall, the FFQ and the food 
records. 

Dietary 
Assessment 
Method 

Description Advantages Disadvantages 

The 24-hour 
recall 

 The 24-hour recall method was developed 
in the early 1940s.  

 Briefly, the method comprises of an 
investigator conducting a structured 
interview allowing the individual to provide 
a list of all foods consumed in the preceding 
full day (Biró, Hulshof, Ovesen, & Amorim 
Cruz, 2002; Rutishauser, 2005).  

 Several approaches using digital technology 
have been taken to enhance the dietary 
assessment method such as myfood24 
which is an online administered 24hr 
dietary recall tool (Carter et al., 2015) and 
the web-based automated software Food 
intake recording system or FIRS 
(Baranowski et al., 2012). These methods 
provide an alternative to face-to-face 
interviews which can reduce bias 
influenced by social desirability (Coulston, 
Boushey, & Ferruzzi, 2013).   

 

 Is currently one of the most 
precise methods of dietary 
assessment (Baranowski et al., 
2012). 

 This method avoids reliance on 
long-term memory 
encouraging the collection of 
sufficient detail on food and 
beverages consumed while 
also preventing reactivity 
issues such as those observed 
in prospective dietary 
assessment methods (the 
Hawthorne effect) 
(Baranowski et al., 2012).  

 The 24-hour recall can be 
conducted in many ways such 
as by telephone, and is not 
restricted by language or 
literacy requirements.  

 It can be conducted in a short 
space of time (Biró, Hulshof, 
Ovesen, & Amorim Cruz, 2002. 
These have been reported to 
influence high response rate.   

 

 The reliability of this method is 
dependent on the ability/skills of 
the interviewer to collect the 
amount of information required, 
these subtle cues help provide 
opportunities for respondents to 
remember foods and beverages 
that may have been omitted 
(Rutishauser, 2005). 

 This method collects single day diet 
records making it susceptible to 
random errors such as day-to-day 
variability (Baranowski et al., 
2012). This limitation has been 
overcome through the adoption of 
multiple-day/pass 24 hour recalls 
in order to collect dietary records 
that are representative of habitual 
intake (Jackson, Byrne, Magarey, & 
Hills, 2007).   

 

The Food 
Frequency 

 At its simplest, the FFQ is a questionnaire 
with a selection of food items for reporting 

 This method is designed for 
self-completion and is a 

 To a larger extent than the single 
day 24hour recall, this method is 
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Questionnaire 
(FFQ) 

how often a food is consumed. Options 
include every 3-4 times a week, 1-2 times a 
week, less than 1 month or never 
(Rutishauser, 2005).  

 The selection of food options available in 
the questionnaire is dependent on the 
focus of the study and can include a few to 
up to 200 food options (Rutishauser, 
2005).  

practical and feasible 
technique of collecting dietary 
records from large population 
groups (Rutishauser, 2005).  

 Some FFQ’s also provide 
opportunities to be scanned 
through barcodes lifting the 
burden from investigators to 
code and nutritionally analyse 
collected dietary data 
(Rutishauser, 2005). 

also subjected to random error due 
to variability. Very little detail is 
collected (semi-quantitative data) 
(Rutishauser, 2005). 

 

The Food 
record 

 This traditional method requires 
respondents to record food and drinks in 
detail prospectively, for a number of days. 
Biró, Hulshof, Ovesen, & Amorim Cruz 
(2002) and Block (1982) have suggested 
more than 3 -7 days are required for their 
dietary records to be representative of 
their usual intake to cover seasonal and 
weekday variability. Dietary intake can be 
recorded using weighed or estimated 
measurements.  

 

 The weighed record was 
considered to be the gold 
standard reference measure 
to evaluate validity of new or 
current dietary assessment 
methods (Rangan et al., 2015).  

 
 It is a fairly accurate method 

as it limits recall bias by 
minimizing omission of food 
and dependence on generic 
memory (Biró, Hulshof, 
Ovesen, & Amorim Cruz, 
2002). 

 

 Qualified personnel such as 
dietitians and nutritionists are 
required to record/collect, process, 
manually analyse dietary 
information can which can be 
costly, consuming both personal 
time and effort (Rangan et al., 
2015).  

 
 Further assistance from 

investigators may be required if 
working with population groups 
that need supervision such as those 
with poor cognitive and literacy 
skills (elderly, children, non-English 
speaking) (Baranowski et al., 2012). 

 This method can be impractical due 
to the degree of high demand 
required from respondents with 
regards to motivation and 
compliance (Biró, Hulshof, Ovesen, 
& Amorim Cruz, 2002). It has been 
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suggested that dietary records of 
longer than 4 days are no longer 
reliable due to respondent’s 
fatigue Biró, Hulshof, Ovesen, & 
Amorim Cruz, 2002; Coulston, 
Boushey, & Ferruzzi, 2013; K. 
Chun, 2012).  

 This method in particular is 
subjected to many errors of 
systematic bias due to the 
opportunities for complex 
cognitive processes such as dietary 
restraint to come into play while 
dietary intake is being recorded). 
Habitual dietary intake could be 
influenced by the “Hawthorne 
effect”. 

 Selection sample bias can also be 
introduced due to the poor 
feasibility nature of the assessment 
design as the population group that 
can be selected could be limited to 
individuals who do comply to the 
many requirements of this method 
and do not generalise the rest of 
the population (Coulston, 
Boushey, & Ferruzzi, 2013. 
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Figure 3: The process of dietary assessment and the sources of error that may operate at 
each step. This figure is retrieved from Black (1999) cited in “Dietary intake measurements” 
in Public Health Nutrition by Rutishauser (2005). 
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CHAPTER 3 
 

3.1 Smartphones and dietary assessment 
 
3.1.1 Image-assisted dietary assessment 
 
Image-assisted dietary assessment refers to any method incorporating images/videos of 

eating episodes used to aid recall. Smartphones are interlaced with high resolution cameras 

and cost effective features providing opportunities for dietetic research. High resolution 

cameras with a large storage capacity which are equipped on most smartphones can 

provide valuable and reliable information, particularly as they are carried by most people 

everywhere making them useful for health monitoring by free living individuals (Kong & 

Tan, 2012). There have been a number of studies employing camera technology in dietary 

analysis (Gemming, Utter, & Ni Mhurchu, 2015).  

Using wearable cameras that automatically capture eating episodes and related activity 

throughout the day is a passive approach (Gemming, Utter, & Ni Mhurchu, 2015). Wearable 

cameras have been used in conjunction with traditional methods, more prevalently the 

24hr-interviewer administered recall method, to help participants record their dietary 

intake more accurately (Gemming, Doherty, Kelly, Utter & Ni Mhurchu, 2013; Gemming et 

al., 2014). This is attributed to the ability of wearable cameras to store personal data and 

provide visual prompts of food and beverages consumed. These devices help individuals 

that have memory impairment, providing powerful cues for memory recall, which has been 

cited as one of the limitations of the 24hour recall (Coulston, Boushey, & Ferruzzi, 2013 

;Smith et al., 2014). Gemming, Doherty, Kelly, Utter & Ni Mhurchu (2013) have studied the 
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feasibility of the wearable camera “Sensecam” to assist 24hr recalls. The Sensecam 

passively captures wide angle point of view images every 20-20s, in response to movement, 

light and heat using features such as accelerometers, light and infrared heat sensors 

respectively (Gemming, Doherty, Kelly, Utter & Ni Mhurchu,2013). The use of the 

“Sensecam” removed a degree of reporting error resulting in a significant increase in 

reported mean energy intake than using the 24hr dietary recall alone, as well as revealing 

an additional 17% of misreported and unreported foods, increasing overall reported energy 

by 12.5% (Gemming, Doherty, Kelly, Utter & Ni Mhurchu,2013).  The methodology of the 

study permitted participants to delete images allowing for intentional underreporting to go 

undetected. The wearable camera has seen consistent findings when coupled with diaries 

(O'Loughlin et al., 2013) and food records.  

Research of wearable cameras to exclusively assess nutrient intake gained momentum due 

to the use of portable camera technologies developed in devices such as personal digital 

assistants and smartphones. For example, Gurrin et al. (2013) established the smartphone 

as a potential alternative to the Sensecam thanks to features such as the high resolution 

camera, the GPS and wireless connectivity, allowing the user to be monitored and their 

behavior studied. It highlighted the competence of smartphones as an alternative tool for 

lifestyle and behavior analysis (Gurrin et al., 2013).  
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3.1.2 Smartphone applications 
 
Dietary assessment methods adopting mobile phone technology are synonymously rising 

with increased use of smartphones and popularity of “apps” (Rangan et al., 2016).  

The availability of popular commercial diet based apps such as MyFitnessPal, Lose it! and 

Weightwatchers have encouraged the development of electronic food diaries in diet 

tracking apps (Coughlin et al., 2015). My Meal mate (MMM) originally a smartphone 

application developed to facilitate weight loss was validated against a 24-hour recall as a 

reference measure. In addition to photographing food for memory prompts, usability 

features include storing favorite meal combinations and recent meals (Carter, Burley, 

Nykjaer, & Cade, 2012). The app also provides instant feedback on self-reported energy 

intake and estimated energy expenditure. Similar to other electronic food diaries, this app 

has a website extension allowing further macronutrient analysis. Rangan et al. (2016) 

argues that instant nutrition feedback to the user may bias food selections when recording 

intake. Nevertheless, MMM correlated well with energy reported by 24hour recalls (Carter, 

Burley, Nykjaer, & Cade, 2012). Caution should be taken when interpreting these results as 

the 24-hour recall is not a gold standard measure of recording true habitual intake and is 

subjected to its own sources of bias, this warrants further study with more accurate 

reference measures such as the weighed food record. Coding dietary data using these apps 

is less time-consuming as the app processes and displays nutritional data automatically 

(Carter, Burley, Nykjaer, & Cade, 2012). However, these applications were disputed to have 

similar shortcomings as the traditional pen and paper methods as they still require time and 
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effort to record intake without improvements in their accuracy (Noronha, Hysen, Zhang & 

Gajos, 2011).  

Remote food photography applications such as the Recaller (Hongu et al., 2015), PlateMate 

(Noronha, Hysen, Zhang & Gajos, 2011) and Meal Snap (Stumbo, 2013) were suggested to 

be less tedious alternatives as users simply upload photographs in conjunction with 

conventional methods or  have their meals analysed via a food recognition software, 

providing instant feedback on the nutritional content of identified food items while also 

providing support in portion size estimation to improve the accuracy of food recorded. 

Smartphone applications have shown potential to enhance feasibility of self-reported 

measures of dietary intake by minimizing inconvenience, cutting down time, costs and 

effort from processing data. These apps also have potential in removing individual reporting 

error by revealing common unreported foods and general eating habits (Gemming et al., 

2014; Hongu et al., 2015). 

3.2 Usability and Acceptability 
 
Evidence from published studies raised similar if not the same issues relating to usability 

and acceptability of these methods.  Firstly, the long-standing influence of awareness of 

self-recording dietary intake on dietary behavior. Gemming, Doherty, Kelly, Utter & Ni 

Mhurchu (2013) reported that five users admitted to adopting healthier dietary choices in 

response to being aware of the camera. Similar concerns were raised by other authors 

(Mauerhoefer, Kawelke, Poliakov, Olivier & Foster, 2014; O'Loughlin et al., 2013; Pettitt et 

al., 2015). Behaviors such as social desirability and fear of negative evaluation could be 
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exacerbated by wearable cameras as they are visible and food consumption is being 

recorded in real time. These factors could limit the possibility of gathering dietary 

information that represents their habitual intake. Secondly, handling the devices influenced 

compliance issues such as insufficient battery life, frequent malfunctions of the device and 

system crashing (Gurrin et al., 2013; Mauerhoefer, Kawelke, Poliakov, Olivier & Foster, 

2014). Lastly, the wearable camera was a burden in public situations. Qualitative 

information revealed respondents discomfort of the device reporting that they did not feel 

comfortable wearing it outside (Mauerhoefer, Kawelke, Poliakov, Olivier & Foster, 2014). 

Although Gurrin et al. (2013) attempted to study the use of smartphones to study and 

monitor human behavior, had not commented on the confounding impact of awareness of 

the presence of the camera on the users behavior.  

An overview of the studies reveals limitations of the application of these devices in dietetic 

or epidemiological research. Research studies on the use of these novel methods have been 

restricted to young population groups (18-30 years old) and some were self-selected 

suggesting heightened interest by young and possibly technology literate individuals who 

are familiar with smartphones (Gemming, Doherty, Kelly, Utter & Ni Mhurchu 2013; 

Gemming et al., 2014; Hongu et al., 2015; Rangan et., 2015). 
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CHAPTER 4 
4.1.1 Validity  
 
It is important for novel dietary assessment methods to be validated or for any traditional 

method if used in an unfamiliar context. Validity yields information on how well the method 

measures what it intended to (Coulston, Boushey, & Ferruzzi, 2013). In the past, it was 

assumed that dietary measurements were valid, however, the introduction of objective 

measures yielded new insights into validity and interpretation of dietary data (Goldberg & 

Black, 1998). In light of the established phenomenon of misreporting, dietary records that 

are self-reported should not be accepted without critical examination (Black, 2000). 

Therefore, assessing validity is an essential component of dietary research studies to ensure 

the correct dietary assessment method is used with minimal bias and errors.   

Published validation studies commonly use techniques such as biomarkers, assessment of 

energy expenditure, direct observation and relative validity. Different markers of validity 

are used in accordance to the type of nutrient(s) studied and resources available.   

 

4.2 Validation studies 
 
4.2.1 Energy expenditure 
Goldberg and black have reported the use of the doubly labelled water (DLW) method to 

act as an independent measure of energy intake. In conjunction with indirect calorimetry 

equations, estimated actual intake can be calculated and compared with reported intake. 

This method was reported to have “revolutionized studies of human energy expenditure” 

by acting as a biomarker of energy metabolism, currently acting as the gold standard for 
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objectively measuring energy intake in free-living individuals. However, the requirement of 

sophisticated equipment and facilities prevents its routine use in assessing energy intake, 

particularly in large scale studies (Burrows, Martin, & Collins, 2010; Livingstone et al., 2003). 

An alternative method to assess the validity of reported energy intake is the Goldberg cut-

off technique (Livingstone et al., 2003). This method has been used to identify bias towards 

underreporting in both group and individual level. However, it’s sensitivity is limited 

compared to the DLW only identifying 50% of under reporters (Livingstone et al., 2003). 

 
4.2.2 Biomarkers 
 
Validity of dietary assessments investigating a certain nutrient can be achieved using physiological 

and biochemical markers such as urine breakdown products of protein, urinary sodium and 

potassium (Rutishauser, 2005). The use of biomarkers has revealed positive correlations between 

energy intake and obesity-related cancers. The common biochemical assessment method used to 

validate traditional (Bingham, 1997) and innovative methods is the 24-hour urine nitrogen 

technique (Monaghan et al., 2010; Smith et al., 2014). 

However, the use of urine samples only act as indicators of protein (Livingstone & Black, 2003). 

Underreporting of protein may correlate with underreporting of energy, however, the same cannot 

be said the other way round (Livingstone & Black, 2003). 
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4.2.3 Relative validity 
 
In the absence of biomarkers, dietary records are often considered the “gold standard” for 

determining actual food intake and is used as an evaluation tool for validating other dietary 

assessment methods (Rangan et al., 2015). The use of 24-hour recalls has also been a 

popular reference measure to validate electronic food diaries available on the web and in 

smartphones (Carter, Burley, Nykjaer, & Cade, 2012; Rangan et al., 2016; Smith et al., 2014; 

Zang et al., 2015).  

However, caution must be taken when using contemporary methods as reference measures 

in validation studies as they are not a true reflection of actual intake and agreement with 

these methods does not necessarily demonstrate their validity (Carter, Burley, Nykjaer, & 

Cade, 2012). 
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Conclusion 
 
A review of the nature of dietary assessment provided insight into the challenges associated 

with assessing habitual intake. Each dietary assessment method is subjected to potential 

random and systematic errors contributed by the respondent as well as the investigator. 

This includes sources of bias inherent to the method used such as change in behaviour in 

response to observing the act of recording dietary intake. Therefore, all factors of the 

sources of bias must be considered when collecting and analysing dietary data.  

Two common themes were identified when reviewing the use of smartphone technology 

for dietary assessment. The use of images to assist conventional methods and the use of 

dietary applications. Assessing the relative strengths and weaknesses of the use of 

smartphone technology to facilitate dietary assessment highlighted their potential to 

reduce limitations shared by traditional methods but also identified the need for further 

exploration such as expanding the population groups studied and using different and more 

accurate objective measures to validate them such as food records, as studies were limited 

to using the 24hour recalls which has its own sources of errors. Research is limited to dietary 

applications developed by the investigators, hence users may face issues with handling the 

apps due to unfamiliarity and require training. The use of commercial dietary apps readily 

available to the population offer potential to act as tools of measuring dietary intake but 

research in this area is limited.  
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Abstract 
 

Background:  Collecting accurate dietary records that represents habitual intake is 

essential for investigating future individual risk of chronic diseases in clinical and 

epidemiological research. Due to the many limitations in conventional methods 

presented in existing reviews, the search for more accurate methods that can reduce 

respondent burden and costs has been encouraged. The use of smartphone technology 

to develop more reliable measures of dietary intake has been on the rise in response to 

increasing popularity of smartphones in the population. MyFitnessPal is a highly rated 

dietary application designed for weight loss and diet-tracking and is available 

commercially for free on iTunes and Google app stores. 

Aim: The present study aimed to validate MyFitnessPal to facilitate dietary assessment 

against a reference measure of 7-day estimated food diaries. 

Methods: A sample of 16 volunteers were randomly allocated to record their dietary 

intake using either the MyFitnessPal application or the 7-day estimated food diary 

before crossing-over to the alternative dietary assessment method for 7 consecutive 

days each. Mean daily intakes of nutrients recorded on both methods were compared 

using paired t-tests. Bland-Altman plots were used to assess for agreement between the 

two methods. The Goldberg and Black approach was used to identify implausible energy 

reporters by directly comparing energy intakes with energy expenditure.  

Results: Paired-t tests demonstrated no statistically significant difference between 

mean intakes of nutrients reported between the 7-day food diary and MyFitnessPal, 
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except for water (p=0.004). However, all dietary variables were lower with the MFP 

method compared to the 7FD method. An analysis of the Bland-Altman plots presented 

agreement between the methods with small mean differences and minimal proportional 

bias. However, they showed wide limits of agreement signifying high levels of variability 

at the individual level. 75% of the sample were under-reporters with EIMFP:EE ratios and 

EI7FD:EE ratios below the 95% confidence limits. This study presented mean differences 

between EE and EI of -3.24 ± 2.20MJ for the 7FD and -3.75 ± 3.16MJ for the MFP app. 

Therefore, relative to EE, EI reported by the MFP was as accurate as the 7FD.  

Conclusion: At the group level, the MyFitnessPal app demonstrates potential but further 

investigation with a larger sample in addition to qualitative research of its acceptability 

is required to assess its feasibility as a dietary assessment method. 

  



43 | P a g e  
 

1. 1 Introduction 
 

The recognised need for prospective investigation of future individual risk of chronic 

diseases such as diabetes and cancer in both clinical and epidemiological research has 

encouraged the search for accurate methods of assessing dietary intake that represents 

habitual intake (Bingham et al., 1994). An accurate method of recording habitual food 

intake has been defined to be “one in which the subject ate as (s)he would have done 

had (s)he not been under observation” (Macdiarmid & Blundell, 1998).  

Collecting reliable dietary records has been an ongoing challenge with the accuracy of 

the four main conventional methods including the 24hr recall, food frequency 

questionnaire (FFQ), the diet record (weighed or estimated) and diet history 

continuously being re-investigated. This has led to a large body of evidence highlighting 

many limitations such as costs of well-trained interviewers, the need for motivation and 

literacy skills from respondents as well as time and effort spent on processing dietary 

data by investigators (Welch et al., 2001). 

In an effort to improve the validity of dietary assessments, the use of smartphone 

technology in the field is rising synonymously with the popularity and ownership of 

smartphones with 66% of adults in the UK owning a smartphone (Ofcom., 2015). A large 

number of dietary apps are commercially available on iTunes and Google Play app stores 

and have been studied as tools for weight loss and behaviour change (Chen, Cade, & 

Allman-Farinelli, 2015). Previous validation studies have mostly used 24hour recalls as a 

reference measure, however, the 7-day record has been documented to be more 

representative of habitual dietary intake (K. Chun, 2012).   
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1.2 Aims and Objectives 
 

The current study will aim to evaluate the feasibility and potential of the MyFitnessPal 

mobile application to facilitate dietary assessment. Specific objectives are; to assess the 

statistical agreement for a 7-day intake analysed by the Nutritics dietary analysis 

software and MyFitnessPal as well as to establish whether dietary intake recorded on 

the mobile app agrees with intake recorded on a 7-day food diary. 
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2.1 Experimental Methods 
 

The MyFitnessPal (MFP) smartphone application features a food database with over five 

million food items allowing users to select and log from generic and branded items. 

MFP’s features such as the barcode scanner, ability to store dietary entries and create 

new recipes enhances its usability. The app is commercially available for free in up to 

date handsets across Android, iOS, Blackberry, Kindle and Windows servers, with a 

website extension to track diet and exercise. The app is very popular with currently over 

65 million registered users.  

The enhanced computational and mobile technology allows participants to enter 

detailed information of dietary intake including mealtime, quantity and description of 

food consumed (Figure 1). The app also allows a full report with detailed nutrient 

analysis to be generated through its website extension.   

 

Figure 1: A screenshot of the diary entry page on the MyFitnessPal App 
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2.2 Subjects and Recruitment 
 

A total of 20 volunteers were recruited as convenience sampling from two call centres 

(Direct Line and the Royal Mail Delivery Office) within Manchester by word of mouth. 

This method of recruitment was preferred by both call centres than by posters and 

emails. Upon expression of interest, participants were emailed information sheets and 

consent forms before commencing the trials. Participants were recruited if they owned 

a smartphone and were comfortable using mobile app technology. Participants were 

excluded if they were pregnant, lactating, unable to read and write in English (for using 

the application) and are trained nutrition professionals. Prior to consenting they were 

given an opportunity to ask for more information regarding their participation in the 

study. Participation in the study was voluntary and they were free to withdraw at any 

time.   

2.3 Reference Measure: The 7-Day Estimated Food Diary 
 

Each participant completed a 7-day estimated food diary adapted for the current study 

from the EPIC-Norfolk study ("EPIC-Norfolk nutritional methods: introduction", n.d.). 

The diary comprises of a 13 page A4 booklet allowing for the description of the meal, 

meal times and amounts of food consumed to be recorded over a period of 7-days. The 

front pages contain detailed instructions on how to complete and quantify portions of 

food and drinks consumed. They were also encouraged to include full information on 

how the food was prepared. Portion size estimates were suggested to be recorded using 

household measures and if possible can also be weighed. An example day of a 
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completed record is illustrated in the front pages of the booklet to further assist and 

demonstrate the level of detail required. This is shown in Figure 2.  

The booklet contains a checklist for subjects to provide additional information on their 

diet for example, certain types of beverages frequently consumed, type of bread and 

type of milk.  

 

Figure 2: An example day of a completed record in the 7-day food diary booklet. 

2.4 Procedure  
 

This pilot study is a randomised cross-over trial validating the commercial smartphone 

application MyFitnessPal against the 7-day estimated food diary. Following recruitment, 

participants were given detailed information on the study reminding them of the 

objectives, requirements and expected benefits of participation. Potential subjects were 
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randomly provided with a pack of documents enclosed with a 7-day food diary booklet 

and an instruction manual to guide participants on setting up and using the app. The 

guide provided assumed no prior knowledge of the use of MyFitnessPal and was 

developed by consulting tutorials on the formal MyFitnessPal website.  

The pack also included a unique invitation letter assigning each participant to either 

begin the two week cross-over trial using the MyFitnessPal smartphone application or 

the 7-Day Food Diary. The letter of invitation provided each participant with an ID 

number to protect their anonymity, blinding the investigator from their identity.  

Participants were instructed to record their dietary intake using the app and the diary 

for seven consecutive days each. Although MyFitnessPal is a diet and exercise tracking 

app designed for weight loss, participants were explicitly advised to keep their diet 

normal throughout the study. Participants were also asked to measure their height and 

weight without shoes and bulky clothing at the beginning and end of the study. Lastly, 

they were provided with a validated physical activity questionnaire to fill in upon 

completion of the trial.  

2.5 Coding of nutritional data from the diaries 
 

The diet logs from both 7-day food diary and MFP were converted into weights using 

the Nutritics nutrition analysis software (version 4.251), in order to calculate food and 

nutrient intake. 

 

 



49 | P a g e  
 

2.6 Plausibility of self-reported energy intake (EI) 
 

As it has been established that self-reported dietary intake is fashioned with risks of 

error from response bias and recall (Macdiarmid & Blundell, 1998), it is necessary to 

objectively measure the accuracy of what has been recorded to validate the food diaries. 

In the absence of direct, physiological markers, motion sensors and accelerometers 

which although have many advantages, can be time, cost intensive and intrusive for 

participants (Neilson, Robson, Friedenreich &, Csizmadi, 2008). The Goldberg formula 

was therefore, the most reasonable approach (Livingstone et al., 2003). Subjects were 

identified as acceptable reporters (AR), under-reporters (UR), or over-reporters (OR) 

from their ratio of Energy intake (EI) to Estimated energy expenditure (EE) according to 

whether the individual’s EI:EE ratio was within, below or above the 95% confidence 

limits of agreement between the two measurements (Livingstone et al., 2003). The 95% 

confidence limits were calculated using the equation as follows; 

95%CL= ±2 x √((CV2
EI/d) + (CVEE )2) 

where d is the number of days of diet assessment and CVEI and CVEE are the pooled mean 

coefficients of variation in EI (by 7FD or MFP) and estimated energy expenditure 

respectively. Estimated energy expenditure was a product of PAL and BMR. PAL was 

estimated from the IPAQ activity questionnaires provided to the participants and BMR 

was also estimated for each subject from the appropriate Henry equation using their 

age range and recorded weight. 

 



50 | P a g e  
 

2.7 Outcome measures 
 

Primary outcomes include statistical agreement between intakes including energy, 

carbohydrate, protein, total fat, alcohol, fibre, saturated fat, unsaturated fat and sugar. 

Secondary outcomes include prevalence of mis-reporters in the sample. 

2.8 Statistical Analysis 
 

As a pilot study, a formal power analysis was not performed. Analysis of the diet records 

was conducted using the IBM SPSS statistics software (version 22). A parametric paired 

t-test assessed for a statistical significant difference between the means of intake 

recorded by the two dietary recording methods. A Bland-Altman Plot was used to assess 

for the limits of agreement between the two methods. A Bland-Altman Plot should be 

used in conjunction with correlation, as strong correlation between the two methods 

does not necessarily suggest good agreement (Carter, Burley, Nykjaer, & Cade, 2012). A 

linear regression analysis was performed to assess for proportional bias. A Pearson 

product moment correlation was performed to determine the presence of a relationship 

between the macronutrients recorded with both methods.    

2.9 Ethical Approval 
 

The present study received ethical approval from the Faculty of Medicine, Dentistry and 

Clinical Science Research Ethics Committee at the University of Chester (ethics reference 

no. 1170-16-SAH-CSN). All potential subjects provided written informed consent prior 

to participation. Subjects were compensated with a customised dietary report with 

recommendations as well as a report of their physical activity levels. 
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RESULTS 
 

3.1 Characteristics of study participants 
A total of 16 out of 20 participants completed the study, their characteristics are shown 

in Table 1. Three participants dropped out and one was excluded as the subject did not 

complete the 7-day food diary. Of a possible 280 diary entries (40 diaries multiplied by 

7 days of recording), 224 diary entries were available for collection and analysis. 44% of 

the participants lost weight over the 14-day trial period with 19% losing between 0.5kg-

1kg and 25% losing 2kg. 

Table 1. Characteristics of the study participants (n 16) 

Characteristics of Participants     n % 

Dietary Assessment Method participants commenced with 
    

 MyFitnessPal 
  

7 44 

 7- Food diary 
  

9 56 

Gender 
    

 Male 
  

7 44 

 Female 
  

9 56 

BMI category 
    

 Healthy Weight (18.5-24.9 kg/m²) 
  

7 44 

 Overweight (25-29.9 kg/m² 
  

2 12 

 Obese (≥30 kg/m²) 
  

7 44 

Ethnicity 
    

 White/Caucasian 
  

14 88 

 Black/African 
  

1 6 

 Asian 
  

1 6 

Age 
    

 26-35 
  

8 50 
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 36-45 
  

7 44 

 46-55     1 6 

 

3.2 Statistical agreement of reported intake using MyFitnessPal compared with the 
7-day Food Diary 
 

Table 3 presents the mean daily reported intake of energy (kJ and kcal), protein (g), fat 

(g), carbohydrate (g), alcohol (g), saturated fat (g), cholesterol (mg), sodium (mg) and 

water (ml) as recorded by MyFitnessPal and the 7-day food diary. All outcome variables 

excluding alcohol (p=0.0001) met the assumption of normality (p>0.05). Data presenting 

with a normal distribution were analysed using a parametric paired t-test. The Wilcoxon 

paired t-test was used to assess for a statistical difference for alcohol. No statistically 

significant difference was found between mean intakes of nutrients reported between 

the 7-day food diary and MyFitnessPal, except for water (p=0.004). The 7-day food diary 

recorded higher intakes of energy and other nutrients compared to MyFitnessPal.

  

3.3 Limits of Agreement between the two methods 
 

The Bland-Altman Plots (Figure 3 a-d) showed no evidence of systematic bias. For 

energy, the mean difference was small differing on average by 207 kcal but the 95% 

limits of agreement were wide (-977kcal to 1392 kcal) suggesting that individuals 

changed by as much as 1185kcal. A linear regression analysis revealed a non-significant 

t-score (p=0.840) supporting the lack of proportional bias and the presence of a certain 

level of agreement. Protein (g/day) had a mean difference of 7.8g with 95% limits of 

agreement from (-60g to 75g). A linear regression analysis presented a non-significant t-
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score (p=0.986) indicating the absence of proportional bias. The mean difference of fat 

(g/day) was 6.9g with 95% limits of agreement from (-48g to 62g). A linear regression 

analysis presented a non-significant t-score (p=0.702) indicating the absence of 

proportional bias. The mean difference of carbohydrate was 29g with limits of 

agreement from -106g to 165g. A linear regression analysis presented a non-significant 

t-score (p=0.736) indicating the absence of proportional bias.  

The analysis was finalised by running a Pearson product moment correlation to 

determine the relationship between the macronutrients recorded using MFP and the 7-

day food diary. The Pearson correlation for energy (Kcal) presented no significant 

relationship between MFP and 7FD (p=0.840). Similarly, no significant relationship was 

shown between protein (p=0.986), carbohydrate (p=0.736) and fat (p=0.705). 
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3.4 Identifying records of poor validity 
 

Mean EI estimated by MyFitnessPal and the 7-day food diary were both significantly less 

than TEE (p< 0.0001). Total energy expenditure ranged from 6.3MJ/day to 14.9MJ/day. 

PAL ranged from 1.2 to 1.55. Table 2 summarises the mean group TEE and EI for both 

methods. 

Table 2. Group mean EI, TEE, and EI:EE  

 

Subjects were identified as under-reporters (UR), acceptable reporters (AR) or over-

reporters (OR) from their ratio EI7FD:EE and EIMFP:EE. The CVEI for EI recorded using the 

7-day estimated food diary and the MyFitnessPal app was 29% and 39% respectively. 

The number of days of measuring the food intake was 7. The coefficient of variation of 

energy expenditure was estimated from the physical activity levels (PAL) which was 

8.1%. The 95% confidence limits of agreement between EI and EE were calculated as: 

The 7-Food diary: 95%CL= ±2 x √((292/7) + (8.1 )2) = 14% 

The MyFitnessPal app: 95%CL= ±2 x √((392/7) + (8.1 )2)= 17% 

Acceptable reporters (AR) in the 7-day food diary group were defined as having the ratio 

of EI7FD:EE between 0.86-1.14, under-reporters (UR) having a EI7FD:EE ratio of below 

<0.86 and over-reporters having a EI7FD:EE ratio >1.14. Acceptable reporters (AR) in the 

MyFitnessPal group were defined as having the ratio of EIMFP:EE between 0.83-1.17, 

 
Energy (MJ/day) Mean difference (±SD) 

(n=16) 
EI:EE % Difference 

TEE 10.36 
   

EI (7FD) 7.12 -3.24 ± 2.20 0.70 ± 0.18 -31.24% 

EI (MFP) 6.6 -3.75 ± 3.16 0.66 ± 0.23 -36.17% 
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under-reporters (UR) having a EIMFP:EE ratio of below <0.83 and over-reporters having a 

EIMFP:EE ratio >1.17.  Only three subjects in the MFP group had EIMFP:EE ratios within the 

AR range (1.04, 1.13 and 0.84). Similarly, only three subjects had EI7FD:EE ratios within 

the AR (0.94, 1.07 and 0.86). The rest of the sample had ratios below the minimum 95% 

confidence limit of agreement with more females (8 subjects, 50%) than males (4 

subjects, 25%) classified as under-reporters. Ratios above the 95% confidence limits 

were not observed which signifies that no over- reporting was present in this sample. 

Weight status among participants presented an overall 0.5kg ± 1.1kg change over the 

two-week period of the trial. 6 out of the 12 identified as under-reporters lost weight. 
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Table 3. Statistical Agreement between mean intake from nutrients, between the 7-day estimated food diary (7FD) and MyFitness Pal 

(MFP) as indicated by Means, standard deviation and 95% confidence intervals 

  7-Day Food Diary   MyFitness Pal   p value 

Nutrients Mean SD 95% CI Mean SD 95% CI   

Energy 
       

kJ/day 7126 2080 6017, 8234 6259 2192 5091, 7427 0.191 

kCal/day 1703 497 1217, 1775 1496 524 1217, 1775 0.191 

Protein (g/day) 86 28 72, 101 79 28 64, 93 0.383 

Carbohydate (g/day) 187 61 154, 219 157 56 127, 187  0.111 

Fat (g/day) 64 22 53, 76 57 24 45, 70 0.338 

Alcohol (g/day) 11 17 2, 20 10 14 2, 18 0.583 

Fibre (g/day) 19 9 14, 24 15 3 13, 16 0.102 

Saturated Fat (g/day) 23 9 18, 28 21 11 15, 26 0.456 

Cholesterol (mg/day) 303 122 238, 368 322 174 230, 415 0.598 

Total Sugar (g/day) 62 28 47, 77 51 28 36, 66 0.114 

Sodium (mg/day) 2159 912 1673, 2645 1906 758 1502, 2310 0.33 

Water (ml/day) 1387 588 1073, 1700 1007 456 765, 1250 0.004* 

*water recorded with MyFitnessPal is significantly lower than water recorded using the 7FD. 
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(a)                                                                                    (c) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(b)                                                                      (d)                                                                    

 

Figure 3. Bland-Altman Plot for (a) Energy kcal/day (b) Protein (g/day) (c) Carbohydrate 

(g/day) and (d) Fat (g/day) for MyFitnessPal and the 7-day estimated food record with 

95% limits of agreement. 
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Discussion 
 

This randomised cross-over pilot study was the first to assess the validity of nutrient 

intake data collected using the MyFitnessPal smartphone application when compared 

to a 7-day estimated food diary as a reference measure. The paired t-tests revealed no 

statistical difference between energy and other nutrients recorded using the MFP app 

and the diary. However, the mean nutrient intake values were consistently lower, except 

cholesterol, among MyFitnessPal records regardless of which dietary assessment tool 

the participants recorded with first. The Bland-Altman plots also revealed a certain level 

of agreement with small mean differences among the macronutrients between the two 

methods, however, the wide 95% limits of agreement suggest large variability at the 

individual level with energy being from -977kcal to 1392 kcal.   

Although there are no other studies comparing a smartphone diary against a written 7-

day food diary as a reference measure, Carter, Burley, Nykjaer, & Cade (2012) validated 

the MyMealMate app (MMM) against 2 randomly selected days of 24hr recalls in a 

sample of 50 volunteers. Researchers also carried out Bland-Altman Plots with limits of 

agreement for energy also fairly wide (day 1: 23378 to 3243 kJ (2807 to 775 kcal); day 2: 

23133 to 2251 kJ (2749 to 538 kcal)). Rangan et al. (2016) validated an electronic dietary 

assessment application on the smartphone. 80 university students recorded dietary 

intake over a 5d period with three 24hour interviewer administered recalls. The authors 

demonstrated high levels of agreement between the two methods with most data 

points located within 2 SD of the mean. However, they also raised similar concerns 

regarding wide limits of agreement. Findings from this study has limited comparability 
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with other studies due to a smaller sample size of 16 subjects and the use of a different 

reference measure. However, the issue regarding wide limits of agreement was 

reported to be expected when exercising relative validity as the reference measure itself 

is not a true reflection of usual dietary intake. Furthermore, in contrast with previous 

studies, the recording of dietary intake using the 7FD and MFP assessment methods 

occurred consecutively and over a 14-day period, essentially capturing different 

information with larger within-subject variability. Therefore, the wide limits of 

agreement between the methods in this situation is not unexpected. 

Comparison of mean EI derived from both MyFitnessPal and the 7 day estimated food 

diary against estimated energy expenditure was used to establish the validity of energy 

recorded by both methods. The use of energy expenditure as a biomarker of energy 

intake is based on the principle of energy balance (Schoeller, 2002). Since energy cannot 

be created or destroyed, metabolisable energy must equal to energy expenditure unless 

there is a change in body stores (Schoeller, 2002). A discrepancy between reported 

energy intake and estimated energy expenditure can be explained by misreporting.  

Establishing the rate of misreporting can help determine whether or not the dietary 

assessment method can accurately represent an individual’s habitual intake as 

misreporting is one of the main sources of systematic bias when measuring dietary 

intake. The magnitude of misreporting can be expressed as the prevalence in the sample 

as a percentage. A systematic review analysing the extent of misreporting in DAM 

documented that the percentage of under-reporters in estimated food diaries ranged 

from 11.9-44% (Poslusna, Ruprich, de Vries, Jakubikova, & van't Veer, 2009).  



60 | P a g e  
 

In this study, intake measured over 7-days for each method by 16 adults was significantly 

underreported with 75% of the sample with a EIMFP:EE ratio and EI7FD:EE below the 95% 

confidence limits. The mean difference between TEE and EI was 31.24% and 36% for 7FD 

and MFP respectively. This further confirms higher levels of under-reporting in the MFP 

diary entries relative to the 7FD diary entries. However, both methods signify high levels 

of low energy reporting.  Hutchesson, Rollo, Callister, & Collins (2015) also evaluated the 

accuracy of 7-day food records using paper diaries and diaries accessed online via 

computer and smartphone with a similar sample size of 18 subjects. The authors 

assessed the accuracy by calculating mean differences between energy intake of all 

three methods and energy expenditure revealing no significant differences between EE 

and EI as well as small mean differences of -1.9± 1.6 MJ for the smartphone diaries and 

-2.1± 2.2 MJ for paper. The authors concluded that the smartphone diary was as 

accurate as the paper diary (Hutchesson, Rollo, Callister, & Collins, 2015). This study 

presented mean differences between EE and EI of -3.24 ± 2.20MJ for the 7FD and -3.75 

± 3.16MJ for the MFP app. Therefore, relative to EE, EI reported by the MFP was as 

accurate as the 7FD. Their study, however, allowed for a 7-day washout period between 

each method and the mean BMI of the sample was 24.0 ±2.2 (Hutchesson, Rollo, 

Callister, & Collins, 2015).  

The heavy reliance on participants to record their dietary intake for 14 consecutive days 

without a washout period in this study may have encouraged under-reporting as it has 

been consistently suggested that long-term records or those longer than 4 consecutive 

days are unsatisfactory as reported intake decreases due to respondent fatigue (Biró, 

Hulshof, Ovesen, & Amorim Cruz, 2002; Coulston, Boushey, & Ferruzzi, 2013; K. Chun, 
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2012). This suggests that systematic bias may have been present in this study. 

Furthermore, the high level of overweight participants (≥25.0-29.9 kg/m²) present in this 

sample (Table 1) may have influenced the inaccuracies in reporting of dietary intake. A 

large body of evidence supports that the probability of under-reporting increases with 

BMI (Livingstone & Black, 2003; Macdiarmid & Blundell, 1998). Fifty percent of the 

participants identified as under-reporting have lost weight over the two-week period. In 

the presence of under-reporting of dietary intake, large variations in weight status may 

be explained by under-eating, under-reporting or both. Changes in eating behaviour in 

response to observing the act of recording dietary intake has been consistently 

documented as the most common source of bias across all dietary assessment methods.  

The quality of the most popular dietary apps such as MyFitnessPal have been evaluated 

in reference to the technology-enhanced features the apps exhibit that enhances their 

ability to aid diet-tracking behaviour (Chen, Cade, & Allman-Farinelli, 2015). Table 4 

summarises the technology-enhanced features of these dietary apps. Features in 

MyFitnessPal such as flagging lapses in dietary adherence and provision of information 

about the nutritional content of food consumed in advance of recording may have 

increased nutritional knowledge and increased potential social desirability bias. The 

energy values displayed on the MyFitnessPal diary page as shown in Figure 1 could also 

enhance potential for dietary restraint. The completion of food records has been a 

known technique for behavioural modification change for obesity to induce weight loss 

(Macdiarmid & Blundell, 1998), hence, the additional features in dietary apps have 

further potential to encourage a reduction in intake despite explicitly advising 

participants to maintain their normal diet. However, the extent of change in dietary 
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behaviour due to the app is unknown, as a relatively high degree of underreporting was 

also evident in the use of the 7FD. These errors are in line with the concerns raised by 

Rangan et al. (2016) criticising the use of commercial applications that provide instant 

feedback as they can bias food selections when recording intake.  

Table 4. Technology-enhanced features of the dietary application MyFitnessPal adapted 

from “The Most Popular Smartphone Apps for Weight Loss: A Quality Assessment” by  

Chen, Cade, & Allman-Farinelli (2015). 

 

 

 

 

 

 

Technology-enhanced features of MyFitnessPal 

Weight/energy intake progress graphs or charts 

Modifiable food databases 

Barcode scanner 

Online social support/networking 

Reminders to log meals 

Internet website links 

Educational material 

Ability to export data 

Store recent or favourite recipes 

Flags for lapses in dietary adherence 
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The MMM smartphone application which also provides instant feedback still 

demonstrated significant and high correlations with the 24hour recalls. However, 

participants were instructed to take photos of their meals throughout the day to help 

prompt their memory. The use of image-assisted dietary assessment to accurately 

estimate portion sizes has been a common theme among the development of new 

smartphone-based dietary assessment methods (Gemming, Utter, & Ni Mhurchu, 2015; 

Hongu et al., 2015; Lee, Banerjee, & Gupta, 2016; Stumbo, 2013). These techniques have 

been recommended over electronic diaries (Noronha, Hysen, Zhang & Gajos, 2011). 

Although electronic diaries on smartphones have been developed to lessen the burden 

associated with collecting dietary information prospectively, users still have to undergo 

tedious amounts of logging and be able to quantify portion sizes (Noronha, Hysen, Zhang 

& Gajos, 2011). Participants may still feel burdened and not record immediately and 

forget to report using the app. This was evident by several entries missing in the dietary 

records. 

One of the key strengths of this pilot study was that it was a cross-over trial allowing 

each participant to act as their own control, this allowed a smaller sample size to be 

feasible. Participants were also randomly assigned to the order of recording with MFP 

during the trial. An additional strength was the use of the highly rated application for 

the validation study as the entire sample were comfortable using it indicating the app 

was popular and easy to use. A wide-range of age-groups were included, hence, 

representative of the population.  
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The study was limited by the small sample size of 16 subjects and could explain the poor 

correlations between the two methods despite small mean differences and the presence 

of levels of agreement as indicated by the Bland-Altman plots. However, the large 

number of diary entries allowed for statistical tests for differences between the two 

methods to be performed. The participants were also not trained to accurately estimate 

portion sizes which led to many discrepancies when food was being described and 

increased potential interpretation errors. The use of scales and models to quantify 

portion sizes are generally cognitively easier but may not be suitable for all types of food 

such as vegetables and meats. Most foods nowadays come prepacked with information 

on serving sizes readily available by the manufacturer. These foods are available on the 

database on MyFitnessPal and can make portion size estimation much easier.  

Conclusion 
 

Current evidence regarding the validity of electronic diary applications on smartphones 

are limited, particularly those that are commercially available. This study demonstrated 

no significant difference between macronutrients recorded using the MFP and the 7FD 

with certain levels of agreement demonstrating the potential of the app as a dietary 

assessment method (DAM). However, the wide limits of agreement at the individual 

level as well as the lack of significant relationships between the macronutrients warrants 

further investigation of this app with a larger sample. The use of portion size estimation 

aids such as photographs can further increase the accuracy of food reported. The MFP 

app has signified higher rates of under-reporting, hence, further qualitative research is 

required to assess the usability and acceptability of the MyFitnessPal app as a DAM 
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compared to the 7FD. This can also help identify sources of systematic errors and further 

assess the potential of MyFitnessPal to facilitate dietary assessment.  
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Appendix A 
 
 
 
 
 
 

  

Faculty of Medicine, Dentistry and Clinical Sciences 

Research Ethics Committee 

 

frec@chester.ac.uk 

  

26/05/2016 

 

Soondus Al-Hassan 

Tivoli House 

Denmark St 

Altrincham 

 

Dear Soondus 

 

Study title: Validating the MyFitnessPal mobile application in assessing dietary intake 
against the 7 day food diary: a randomised cross over pilot study.  

FREC reference: 1170/16/SAH/CSN 

Version number: 1 

 

Thank you for sending your application to the Faculty of Medicine, Dentistry and Clinical Sciences Research 
Ethics Committee for review. 

 

I am pleased to confirm ethical approval for the above research, provided that you comply with the 
conditions set out in the attached document, and adhere to the processes described in your application 
form and supporting documentation.   

 

N.B.  The Committee recommends that the word verbatim be removed as this is not lay terminology. 

           7. Parts of our conversation may be used verbatim in future …. 
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The final list of documents reviewed and approved by the Committee is as follows: 

 

Document                       Version Date 

Application Form                                   1 March 16 

Appendix A – List of References 1 March 16 

Appendix B – Summary CV for Lead Researcher 1 March 16 

Appendix C – Risk Assessment  1 March 16 

Appendix D – Participant Information Sheet [PIS] 1 March 16 

Appendix E – Letter(s) of invitation to participants  1 March 16 

Appendix F - Consent Form 1 March 16 

Appendix D – Supporting CV of Co-ordinator 1 March 16 

Appendix G – Letter of approval from MyFitnessPal 1 March 16 

Appendix M – 7 day food diary. 1 March 16 

Appendix N – Validated questionnaire(s) 1 March 16 

Appendix L – Instruction Manual 1 March 16 

Appendix J – Copies of advertising material(s) 1 March 16 

Appendix H – Introductory letter for users 1 March 16 

Appendix I – Introductory letter for diary users 1 March 16 

 1 March 16 

Response to FREC request for further information or clarification 1  

 

 

Please note that this approval is given in accordance with the requirements of English law only. For 
research taking place wholly or partly within other jurisdictions (including Wales, Scotland and Northern 
Ireland), you should seek further advice from the Committee Chair / Secretary or the Research and 
Knowledge Transfer Office and may need additional approval from the appropriate agencies in the 
country (or countries) in which the research will take place. 

 

With the Committee’s best wishes for the success of this project.  
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Yours sincerely, 

 

 

 

 

 

Professor Ben Green 

Chair, Faculty Research Ethics Committee 

 

Enclosures: Standard conditions of approval.   

 

Cc. Supervisor/FREC Representative 
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Appendix B 
 

LETTER OF INVITATION TO PARTICIPATE IN RESEARCH 

Project Title: Validating the MyFitnessPal mobile application in assessing dietary intake against 
the 7-day food diary: a randomised cross-over pilot study.   

We, Soondus Al-Hassan and Jessica Verbruggen (MSc candidates in the Department of Clinical 
Sciences and Nutrition at the University of Chester) invite you to participate in a research 
project entitled “Validating the MyFitnessPal mobile application in assessing dietary intake 
against the 7-day food diary: a randomised cross-over pilot study” and “Assessing preferred 
mean of recording dietary intake using the “My Fitness Pal'” application versus a written food 
diary”. 

The purpose of this research project is address the potential of the popular diet tracking 
“MyFitnessPal” smartphone application as a tool to assess ‘true’ dietary intake and whether it 
differs from traditional dietary assessment methods. The “MyFitnessPal” application would be 
considered a valid tool to assess dietary intake if the nutrients recorded are in strong 
agreement with nutrients recorded from its traditional counterpart; the 7 day food diary. The 
study also aims to investigate which method you would prefer. It is hoped that the project 
could provide useful information for healthcare professionals about available alternatives to 
current methods of dietary assessment. 

The study requires you to record your food intake over the course of two weeks. You will be 
randomly assigned to one of the two methods (either MyFitnessPal or written 7-day food 
diary) for one week and asked to switch to the next method for the second week. To validate 
your food intake, we will ask you to record your height and weight before and after the study 
and complete a physical activity questionnaire. Upon completion, you will be provided with 
feedback on your dietary intake and level of physical activity. You will then take part in a focus 
group discussion, which will last around 20 minutes to discuss the results from the study and 
the preferred method of recording data. Participation in the focus group is voluntary. 

If you have any questions about your rights as a research participant, please contact the Dean 
of the Faculty of Medicine, Dentistry & Clinical Sciences, University of Chester, Parkgate Road, 
Chester, CH1 4BJ, 01244 510000. 

If you have any questions, please feel free to contact: 

Soondus Al-Hassan: 1507695@chester.ac.uk 

Jessica Verbruggen: 1208990@chester.ac.uk 

Sincerely, 

 

Soondus Al-Hassan (researcher) 
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Appendix C – Introductory letter for MyFitnessPal users 
 

Dear Participant, 

On behalf of the research team at the University of Chester, we are very pleased to extend 
a warm welcome to the “Validating the MyFitnessPal mobile application in assessing 
dietary intake against the 7-day food diary: a randomised cross-over pilot study”. We are 
looking forward to investigating the potential of a popular calorie-tracking smartphone 
application to facilitate dietary assessment in healthcare settings with your help. 

To help you prepare for the study, please find enclosed documents including: 

 An information sheet, complete with details of what will be required from you, 
your rights as a participant and important contact details. 

 An instruction manual to provide you with guidance on setting up and using the 
MyFitnessPal smartphone application. 

 A template for the 7-day food diary. 

 A validated physical activity questionnaire  

Prior to beginning the study, please measure your height and weight without shoes and 
bulky clothing. You may give these measurements in either imperial or metric units. 
These measurements are necessary in order to calculate your BMI.  

We have assigned you to begin recording your dietary intake using the MyFitnessPal 
smartphone application. Please consult the MyFitnessPal instruction manual and record 
all food and drink consumed during the following week. Please try to keep to your normal 
diet during this week. 

Upon completion, begin recording your dietary intake using the 7-day food diary and 
consult the enclosed 7-day food diary template for the next week. At the end of the second 
week, please measure your weight again without shoes and bulky clothing and complete 
the physical activity questionnaire.  

Place the completed diary, report and questionnaire in the sealable envelope provided and 
label with the ID number provided below. 

If you prefer to email your reports and questionnaire or have any queries, please quote 
your ID number provided below in all correspondence: 

XXXX  

We look forward to your participation and we will ensure you receive feedback on your 
dietary intake and level of physical activity upon completion of the study. 

Best Regards, 

 

Soondus Al-Hassan (researcher) 
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Appendix D 
 

 

Title of Project: Validating the MyFitnessPal mobile application in assessing dietary intake 
against the 7-day food diary: a randomised cross-over pilot study and ‘Assessing preferred 
mean of recording dietary intake using the “My Fitness Pal'” application versus a written 

food diary’. 

 

Name of Researchers:  Soondus Al-Hassan and Jessica Verbruggen 

       Please tick initial box 

 
1. I confirm that I have read and understand the information sheet  
     for the above studies and have had the opportunity to ask questions. 

2. I understand that I must not take part if I fall under the exclusion criteria as detailed in the 
information sheet and explained to me by the researcher. 
 

3. I understand that my participation is voluntary and that I am free to  
     withdraw at any time, without giving any reason and without my legal rights 

     being affected. 

4. I agree to take part in the Validation Study. 
 

5. I agree to take part in a focus group discussion. 
 

If I take part in a focus group, I understand that; 

6. The focus group will be audio/video recorded and I am happy to proceed.  
7. Parts of our conversation may be used verbatim in future publications or presentations but 

that such quotes will be anonymised. 
   

___________________                _________________   _____________ 

Name of Participant Date  Signature 

 

 

Researcher Date Signature 

1 for participant; 1 for researcher 
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Appendix E 
 

 

 

Participant information sheet 

Validating the MyFitnessPal mobile application in assessing dietary intake 
against the 7-day food diary: a randomised cross-over pilot study 

You are being invited to take part in a research study.  Before you decide, it is important 
for you to understand why the research is being done and what it will involve.  Please 
take time to read the following information carefully and discuss it with others if you wish.  
Ask us if there is anything that is not clear or if you would like more information.  Take 
time to decide whether or not you wish to take part.  

Thank you for reading this.  

 

What is the purpose of the study? 

The study aims to address the potential of the popular diet tracking “MyFitnessPal” 
smartphone application as a tool to assess ‘true’ dietary intake and whether it differs from 
traditional dietary assessment methods. The “MyFitnessPal” application would be 
considered a valid tool to assess dietary intake if the nutrients recorded are in strong 
agreement with nutrients recorded from its traditional counterpart; the 7 day food diary.  

The study also aims to investigate which method you would prefer.  

It is hoped that the project could provide useful information for healthcare professionals 
about available alternatives to current methods of dietary assessment. 

Why have I been chosen? 

You have been chosen because you are a healthy adult and are familiar with smartphone 
technology. 

 

Do I have to take part? 

It is up to you to decide whether or not to take part.  If you decide to take part you will be 
given this information sheet to keep and be asked to sign a consent form.  If you decide 
to take part you are still free to withdraw at any time and without giving a reason.  A 
decision to withdraw at any time, or a decision not to take part, will not affect you in any 
way. 
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What will happen to me if I take part? 

You will receive an email with an introductory letter to the study, a 7-day food diary and 
an instruction manual for the use of the MyFitnessPal smartphone application. You will 
also be provided with a consent form. If you agree to proceed with the study, it will be 
suggested that you sign and return the form by email. It will be required that you keep a 
record of your weight and height before starting the study. You will be randomly assigned 
to record your dietary intake either by the “MyFitnessPal” application or the 7-day food 
diary. You will then be asked to switch to the alternative dietary assessment method for 
the next 7-days. After completing the second week, it will be required that you complete 
the physical activity questionnaire and record your weight again. You will also take part 
in a focus group in a quiet room for 20-30 minutes, hosted by Jessica Verbruggen, to 
discuss whether you prefer to monitor your food intake via the My Fitness Pal application 
or through a written food diary.  

When we have completed the study we will produce a project report which we will be 
happy to send you if you are interested. 

 

What are the possible disadvantages and risks of taking part? 

There are no disadvantages or risks foreseen in taking part in the study. 

What are the possible benefits of taking part? 

You might find the project interesting and insightful when observing your eating patterns. 
Once the study is finished you will receive a full report of an analysis of your dietary 
intake with recommendations. You will also receive a report with feedback of your 
physical activity based on the scores calculated from the physical activity questionnaires 
provided.  

By taking part, you will also be contributing to the evaluation of an innovative method for 
dietary assessment.  

 

What if something goes wrong? 

If you wish to complain or have any concerns about any aspect of the way you have 
been approached or treated during the course of this study, please contact Dean of the 
Faculty of Medicine, Dentistry & Clinical Sciences, University of Chester, Parkgate Road, 
Chester, CH1 4BJ, 01244  510000 

Will my taking part in the study be kept confidential? 

All information which is collected about you during the course of the research will be kept 
strictly confidential so that only the researcher carrying out the research will have access 
to such information.  Participants should note that data collected from this project may 
be retained and published in an anonymised form. By agreeing to participate in this 
project, you are consenting to the retention and publication of data. 

What will happen to the results of the research study? 

The results will be written up into a dissertation for our final project of our MSc. Individuals 
who participate will not be identified in any subsequent report or publication. 
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Who is organising the research? 

The research is conducted as part of an MSc in Public Health Nutrition and MSc in 
Exercise and Nutrition within the Department of Clinical Sciences & Nutrition at the 
University of Chester. The study is organised with supervision from the department, by 
Jessica Verbruggen and Soondus Al-Hassan, MSc students. 

Who may I contact for further information? 

If you would like more information about the research before you decide whether or not 
you would be willing to take part, please contact: 

Soondus Al-Hassan: 1507695@chester.ac.uk 

Jessica Verbruggen: 1208990@chester.ac.uk 

 

Thank you for your interest in this research. 
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Appendix F 

 

  
The 7-day Food Diary: Adapted for the “Validating the MyFitnessPal 
mobile application in assessing dietary intake against the 7-day food diary: 
a randomised cross-over pilot study” 

Participant Study ID: _______________________ 

Please try to keep to your normal diet during this week and 
carefully read the instructions overleaf before starting. 

 

How to fill in your food diary 

 Please complete the diary as shown on the example day for 7  
consecutive days  
 

 Record all food and drink you have actually eaten, rather than 
what is offered to you 
 

 Remember to include all snacks or drinks you may have 
 

 Please state the time at which food or drink is consumed 
 

 State the brand of product if known, e.g. McVities digestives, 
Heinz baked beans 
 

 Record weights on packets, for example yoghurt (150g), small 
tin of soup (290ml) 
 

 If possible try to weigh foods.  If you are unable to do this, 
please describe amounts in terms of household measures, for 
example 2 heaped tablespoons of branflakes; 1 medium slice 
of bread; 1 heaped teaspoon (tsp) of margarine 
 

 State whether the weight recorded is for the raw or cooked 
weight of a food 

Checked:   initial ……….. 

Normal week?  Y / N: …………………….…………. 
 

…………………………………………………………………. 
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 State cooking methods used, e.g. fried, boiled, grilled, 

microwaved 
 

 Please state if a meal is home cooked a ready meal, a 
takeaway or a meal out 
 

 If possible please give recipes for home baked foods (you may 
use additional sheets) and how many portions the recipe 
provides 
 

 Please state the individual foods that make up mixed dishes, 
for example salad: lettuce, cucumber and tomato 
 

 Record TOTAL MILK FOR THE DAY  FOR THE DAY  for each 
day – please do not include any other dairy in this box (e.g. 
cheese) 
 

 
 
 
 
 
 
 

Turn over to see an example day 
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Example Day 

 
 

 TIME DESCRIPTION AMOUNT 

BREAKFAST 

 

 

 

 

 

8.00 Branflakes with semi-skimmed milk 

Coffee with semi skimmed milk and sugar 

Medium bowl 

Mug 

MID-MORNING 

 

 

 

 

11.00 Tea with semi-skimmed milk (no sugar) 

Banana 

Mug 

Small 

LUNCH 

 

 

 

 

 

 

 

12.30 Wholemeal bread, Flora Light 

 

Cheshire cheese 

Cherry tomatoes 

Tesco low fat raspberry yoghurt 

Cox apple 

2 large slices, 1tsp 
each 

Small matchbox 

6 

150g pot 

1 small 

MID-
AFTERNOON 

 

 

 

3.00 Tea with semi skimmed milk (no sugar) Mug 
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EVENING MEAL 

 

 

 

 

 

 

 

 

6.00 Chicken breast (grilled) no skin 

Mashed potato  with semi-skimmed milk 
and Flora Light 

 

Broccoli 

Tinned sweetcorn 

 

Tinned pears in juice 

Tea with semi-skimmed milk (no sugar) 

120g raw weight 

2 ice cream 
scoops 

 

3 florets 

2 tablespoons 

 

½ tin 

Mug 

SUPPER / 
EVENING 
SNACKS 

 

 

11.00 Low fat hot chocolate (made with water) 

Slice of malt loaf (1/2" thick, no spread) 

Mug 

 

  

TOTAL MILK 
FOR THE DAY  
FOR THE DAY   

 

 Semi-skimmed 500ml 

 

 

 

Please answer the following questions: 

  

 

1.  What type of bread do you usually eat? 

 

  

Wholemeal Brown White 50/50 

Wholemeal 
Granary 

Brown 
Granary 

White 
Granary 

 

Wholemeal 
Seeded 

Brown 
Seeded 

White 
Seeded 
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 Other: ............................................................................ 

  

Is your bread sliced 

 Thick            Thin           Medium          Sliced at home 

  

 

 

2. What type of margarine or butter do you usually use?  

 Margarine ………………. Low fat spread………………... 

 Butter…………………….. Low fat butter…………………. 

Don’t Use 

 

       What is the brand name of the product?  ................................................. 

  

 

 

3. What type of milk do you use? 

Whole or full fat Skimmed   No milk 

 Semi-skimmed Other (please specify)............................................ 
  

  

       Do you add milk to your hot drinks?     Yes / No  

        

       Tea            Coffee           Other (please specify)……………………… 

 

 

 

4.  Do you put sugar in hot drinks? (please circle) Yes / No 

 If yes in tea, how many teaspoons?.............. 

 If yes in coffee, how many teaspoons?.............. 
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      In other drinks? (please specify) .............. .........& how many teaspoons?.............. 

  

 

5.  Do you put sugar on cereals / porridge? Yes / No 

 If yes how many teaspoons?.............. 

  

      Do you add anything else? (Jam, Salt, Honey, etc)……………..& how many 
teaspoons?.............. 

 

 

6. Which of the following drinks do you have daily/ weekly? 

Please specify amounts, e.g. cups/mugs/large or small glasses/pints and the number of 
days / week you have this   

 

Drink Amount  Days Per  
Week   

 Drink Amount  Days Per  
Week   

Tea      Lager     

Coffee      Bitter     

Fruit juice 
  

 Cider 
  

Sports Drink      Wine     

Malt Drink / Hot 
Chocolate 

  
 Spirits 

  

Cordial/Squash 
  

 Alcopops 
  

Sugar Free 
Cordial/Squash 

  
 Fizzy Drinks 

  

Other 

 

........................... 

  
 Sugar Free 

Fizzy Drinks 
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7. Do you take any dietary supplements, e.g. vitamins? Yes / No 
  

If yes please 
specify…………................................…………………………………….. 
                                         …………….. ………………………………………………………………. 

 

8.     What type of oil / fat do you use when cooking?................................   

 

Comments  

 

_________________________________________________________________
_________ 
 
_________________________________________________________________
_________ 
 

_________________________________________________________________
_________ 
 
_________________________________________________________________
_________ 
 
_________________________________________________________________
_________
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DAY 1: ___         ____       ____   DATE: __                 _______ 

 
 

 TIME DESCRIPTION AMOUNT 

BREAKFAST 

 

 

 

 

 

 

   

MID-MORNING 

 

 

 

 

   

LUNCH 

 

 

 

 

 

 

   

MID-
AFTERNOON 
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EVENING MEAL 

 

 

 

 

 

 

 

 

   

SUPPER / 
EVENING 
SNACKS 

 

 

   

TOTAL MILK 
FOR THE DAY   

 

   

  

 

 

 

 

 

 

 

 

 

 

 

 

 
This research study is supported by the University of Chester  
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Appendix G 

International Physical Activity Questionnaire (IPAQ)  
  
About: This scale is a self-report measure of physical activity.  
   
Items: 12   
  
Reliability:   
Test-retest reliability ranged between 0.96 and 0.46, with an average 
of about 0.8.   
  
Validity:   
Correlations between this self-report sleep scale and the MOS Sleep 
subscales were statistically significant with the exception of the MOS 
Snoring subscale.   
  
Scoring:   
There was fair to moderate agreement between the IPAQ and 
accelerometer-measured physical activity and sitting time.   
  
References:   
Craig, C. L., Marshall, A. L., Sjöström, M., Bauman, A. E., Booth, M. 

L., Ainsworth, B. E., Pratt, M., Ekelund, U., Yngve, A.,  
Sallis, J. F., Oja, P. (2003). International Physical Activity 
Questionnaire: 12-country reliability and validity. Medicine and 
Science in Sports and Exercise, 35(8), 1381-1395.  
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International Physical Activity Questionnaire (IPAQ)  
  
  

The following questions are about physical activity. Please read carefully 
and answer to the best of your knowledge.  

  
1. When you are at work, which of the following describes what you do? (If you 

have more than one job, answer for each job.)  
  
                                     Job 1                   Job 2                                                                                      Job 3                     

  
 Mostly sitting or standing   Mostly sitting or   Mostly sitting  
  
 Mostly walking Mostly walking  
  
 Mostly heavy labor or   Mostly heavy labor or       Mostly heavy labor or 

physically demanding physically demanding physically demanding  
work  work work  

  
 Don’t know/not sure   Don’t know/not sure   Don’t know/not sure  

  
  

The next 3 questions are about vigorous physical activity.  Vigorous 
physical activity causes your heart to beat faster and makes you 
breathe hard.  

  
2. Now thinking about vigorous physical activities you did in the last 7 days, 

did you do vigorous activities for at least 10 minutes at a time, such as 
running, aerobics, sports, heavy yard work, or anything else?  

  
   Yes  
1  

      

 No Skip to 15 on the next page   
0  

  
  
3. How many days per week do you do these vigorous activities for at least 10 

minutes at a time?  
  
 Days per week:  1  2  3  4  5  6  7  
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4. On the days when you do vigorous activity for at least 10 minutes, how long 
do you do those activities?  

  
   About 40 minutes  

4  

            

   About 50 minutes  
5  

            

   1 hour or more  
6  

The next 3 questions are about moderate physical activity.  Moderate 
physical activity causes small increases in breathing or heart rate.  

  
  
5. Now thinking about moderate physical activities you did in the last 7 days, 

did you do moderate activities for at least 10 minutes at a time, such as brisk 
walking, bicycling at regular pace, vacuuming, gardening, or anything else?  

  
  

   Yes  
1  

      

 No Skip to 18 on the next page   

0  

  
  
6. How many days per week do you do these moderate activities for at least 10 

minutes at a time?  
  
 Days per week:  1  2  3  4  5  6  7  
  
  
7. On the days when you do moderate activity for at least 10 minutes, how long 

do you do those activities?  
  

   About 40 minutes  
4  

            

   About 50 minutes  
5  

            

   1 hour or more  
6  

    About 10 minutes  
1  

  

    About 20 minutes  
2  

  

    About 30 minutes  
3  

  

  

  

    About 10 minutes  
1  

  

    About 20 minutes  
2  

  

    About 30 minutes  
3  
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The next 3 questions are about time spent walking.   
  

  
8. Now thinking about the amount of time you spent walking in the last 7 days, 

that lasted for at least 10 minutes at a time.  This includes at work and at 
home, walking to travel from place to place, and any other walking that you 
might do solely for recreation, sport, exercise, or leisure.  

  
   Yes  
1  

      

   No Skip to 22 on the next page   
0  

  
9. How many days per week do you do spend walking for at least 10 minutes 

at a time?  
  
 Days per week:  1  2  3  4  5  6  7  
  
  
10. On the days when you do walk for at least 10 minutes, how long do you do 

those activities?  
  

   About 40 minutes  
4  

            

   About 50 minutes  
5  

            

   1 hour or more  
6  

  
  

The next 3 questions are about you sitting.    
  

  
11. Now thinking about the amount of time you spent sitting in the last 7 days. 

Include time spent at work, at home, while doing course work and during 
leisure time.  This may include time spent sitting at a desk, visiting friends, 
reading, or sitting or lying down to watch television.  

  
12. How many hours per day do you spend sitting?  

  

  

    About 10 minutes  
1  

  

    About 20 minutes  
2  

  

    About 30 minutes  
3  
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   About 3 hour  

4  

            

   About 4 hour  
5  

            

   About 5 hour or more  
6  

  
 

 

 

 

 

 

 

  

 

 

    About 30 minutes or less  
1  

  

    About 1 hour  
2  

  

    About 2 hour  
3  

  


