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Abstract 93 

Purpose: This review summarises the issues related to the measurement and interpretation of 94 

dietary intake in individuals with overweight and obesity, as well as identifying future 95 

research priorities.  96 

Recent findings: Some aspects of the assessment of dietary intake have improved through 97 

the application of technology-based methods and the use of dietary biomarkers. In 98 

populations with overweight and obesity, mis-reporting bias related to social desirability is a 99 

prominent issue. Future efforts should focus on combining technology-based dietary methods 100 

with the use of dietary biomarkers to help reduce and account for the impact of these biases.  101 

Summary: Future research will be important in terms of strengthening methods used in the 102 

assessment and interpretation of dietary intake data in the context of overweight and obesity.  103 

 104 
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Introduction  124 

Worldwide, the prevalence of obesity more than doubled between 1980 and 2014, 125 

with 1.9 billion adults with overweight and 600 million with obesity [1]. In Western countries 126 

approximately 23% of children and adolescents have overweight or obesity [2]. It is 127 

anticipated that 50% of adults worldwide will have overweight or obesity by 2030 if the 128 

incidence remains consistent [3]. This is concerning as excessive body weight and visceral fat 129 

mass are risk factors for chronic diseases including cardiovascular disease [4-6], type 2 130 

diabetes [7-9], kidney disease [10-12], specific cancers [13-15] musculoskeletal disorders 131 

[16-18] and depression [19-22]. Major healthcare costs for individuals and societies are 132 

associated with the chronic disease management [23]. Risks related to poor dietary patterns 133 

are a major contributor to the global burden of disease and account for 11.3 million deaths 134 

and 241.4 million disability adjusted life years (DALYs) [24]. Therefore, improving nutrition 135 

is currently a worldwide public health priority [25, 26].  136 

It is widely acknowledged that at a metabolic level, overweight and obesity is due to 137 

an energy imbalance in which energy intake exceeds energy expenditure over a prolonged 138 

time period [27]. However, there are reported discrepancies in the relationship between 139 

energy intake and body mass index (BMI) [28-30]. These findings highlight limitations 140 

within assessment and analysis of nutrient intakes. Estimating dietary intake typically relies 141 

on self-reported measures, including 24-hour food recalls, weighed and estimated food 142 

records and food frequency questionnaires (FFQs). A major limitation of these methods is 143 

mis-reporting of intake, which has been confirmed by studies measuring total energy 144 

expenditure using the doubly-labelled water (DLW) method versus self-reported energy 145 

intake [31-33]. Furthermore, the prevalence of under-reporting of energy intake is higher 146 

among those with overweight or obesity, especially females, and is thought to be influenced 147 

by social desirability bias [31, 34].  148 

In recent years, technological advances have been integrated with traditional dietary 149 

assessment methods to improve nutrient intake estimates by standardising processes and 150 

reducing participant burden and potentially recall bias. The main types of technology being 151 

used include: online adaptations of well-established dietary assessment methods (e.g. web-152 

based FFQs), image-based and -assisted methods (e.g. using smart-phone technology) and 153 

wearable devices [35]. Technology-based dietary assessment methods continue to evolve, 154 

with further evaluation required to elucidate acceptability, validity and reliability compared to 155 

traditional dietary assessment methods [35, 36].   156 
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Dietary biomarkers can provide an objective measure of dietary intake components 157 

and are recommended for evaluating the validity of dietary assessment methods which is 158 

discussed further in this review [37, 38]. Classes of biomarkers include recovery biomarkers 159 

(e.g. doubly labelled water) which exhibit a direct relationship with dietary intake, 160 

concentration biomarkers (e.g. plasma carotenoids) which correlate with intake but cannot be 161 

used as absolute measures of intake, and predictive biomarkers (e.g. urinary fructose) which 162 

show a dose-response relationship with intake. [39]. However, inter-individual factors 163 

including adiposity, age, sex, smoking status and physical activity levels potentially impact 164 

biomarker concentrations and hence validity and reliability [40]. Therefore, caution must be 165 

taken in the application and interpretation of results when using dietary biomarkers to ensure 166 

they are appropriate for the study population and nutrients analysed.  167 

This review aims to provide an overview of traditional and technology-based dietary 168 

assessment methods and to discuss the considerations for interpreting the accuracy of dietary 169 

intake data in individuals with overweight or obesity. This will help researchers to strengthen 170 

the methodological aspects of future studies in which dietary intake will be measured and 171 

thereby contribute to higher-quality studies and strengthen the evidence-base used to inform 172 

dietary guidelines, as well as the development of policies and strategies targeting the 173 

prevention and management of overweight and obesity.  174 

Traditional dietary assessment methods 175 

Traditional self-reported dietary assessment methods can be grouped into two broad 176 

categories: prospective ‘real-time’ recording and retrospective ‘recall’ methods [41]. A 177 

summary of dietary assessment methods are provided in Table 1. There are a number of 178 

online methods and selection databases that can help guide choice appropriate dietary 179 

assessment methods and tools. These include:- 180 

• ACAORN diet assessment method selection guide (http://anzos.com/acaorn/food-181 

and-nutrition/)  182 

• Diet Primer (https://dietassessmentprimer.cancer.gov/)  183 

• DAPA Measurement Toolkit (http://www.measurement-toolkit.mrc.ac.uk/) 184 

• Nutritools (https://www.nutritools.org/strengths-and-weaknesses)  185 

• FAO Dietary Assessment: a resource guide to method selection and application in 186 

low resource settings (http://www.fao.org/3/i9940en/I9940EN.pdf).  187 

http://anzos.com/acaorn/food-and-nutrition/
http://anzos.com/acaorn/food-and-nutrition/
https://dietassessmentprimer.cancer.gov/
http://www.measurement-toolkit.mrc.ac.uk/
https://www.nutritools.org/strengths-and-weaknesses
http://www.fao.org/3/i9940en/I9940EN.pdf
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Prospective methods  188 

Prospective methods include weighed or estimated food records which records all 189 

food and beverages consumed within a pre-defined time period (i.e. usually 3 or 7 days) [42]. 190 

Recording at the time of the eating occasion is preferred to avoid reliance on memory [43]. 191 

Food records can collect quantitatively accurate dietary information [44] by using 192 

measurement aids such as scales or household measures (e.g. cups or tablespoons) or 193 

standard serving sizes (i.e. models or pictures) [43]. Food records require a high level of 194 

literacy, numeracy and motivation to frequently weigh, measure, estimate and record foods 195 

and beverages [42]. These demands can affect individual’s adherence and usual eating 196 

behaviours (e.g. consume less or choose to eat foods that are easier to prepare and/or report) 197 

[45]. Food records also require extensive data entry of the food and beverage items into a 198 

computer program for nutrient analysis, with coding of item a tedious process that must be 199 

standardised to reduce coding errors, especially if the record is not collected electronically 200 

[43]. Therefore, food records are infrequently used in large-scale epidemiological studies 201 

[46].  202 

Retrospective methods  203 

Retrospective methods include 24-hour food recalls and FFQs [41]. Food recalls are 204 

usually interview-administered, in-person or by telephone, in which the individual recalls all 205 

foods and drinks consumed in the preceding 24-hours [43]. In contrast to food records, 24-206 

hour food recalls occur after consumption, therefore the assessment method is less likely to 207 

alter the individual’s dietary intake. Food recalls are less burdensome to the individual and 208 

therefore those who agree to complete recalls are more likely to be representative of the 209 

population [43]. However, 24-hour food recalls can have substantial researcher burden due to 210 

the extensive training required for interviewing and data entry, coding and analysis [47].  211 

FFQs enable assessment of longer-term dietary intake (i.e. up to 12-months) in a cost-212 

effective and timely manner [48]. Individuals report usual frequency of each food from a list 213 

of foods for a specific time period, but information regarding cooking methods and 214 

combination of foods in meals is rarely collected [43]. Some FFQs will collect usual 215 

quantities of food consumed (i.e. quantitative FFQs) or specify food portions using usual or 216 

common serving size data (semi-quantitative) with the use of photographs of various portions 217 

and household or standard units [41]. The FFQ has lower participant burden compared to 218 

other methods and can be administered to a large study sample [49]. Despite this, limitations 219 
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of FFQs includes reporting errors related to incomplete food lists, inappropriate frequency 220 

options and portion sizes used [50] and potentially length of time taken to complete [42]. 221 

The FFQ and food recalls are both prone to mis-reporting and this can be affected by 222 

an individual’s personal characteristics (i.e. age, gender and BMI status). For example, the 223 

dietary intake of children when relying on their parents to be proxy reporters. Individuals 224 

with overweight and obesity are more likely to under-report their dietary intake [51] 225 

especially for foods considered less healthy (i.e. energy-dense, nutrient poor foods) [52-54]. 226 

In a review of studies using DLW in conjunction with self-reported energy intake, under-227 

reporting in individual’s with obesity was almost twice as high compared to those within a 228 

healthy weight range [55]. Dietary under-reporting may distort the association between 229 

dietary intake and health outcomes [56]. This is a major concern because this may mislead 230 

public policy and dietary recommendations for health [57].   231 

Improving traditional dietary assessment methods  232 

Recent endeavours have been directed towards improving existing traditional methods 233 

and developing technology-based instruments (e.g. wearable devices) to reduce burden and 234 

capture intake with greater accuracy [58, 59]. Greater efforts have also focused on improving 235 

study design and statistical methods to minimise error [60, 61]. Furthermore, intervention 236 

research needs to consider the potential for differential dietary reporting, when exposure to a 237 

dietary intervention influences how an individual reports their dietary intake, which may 238 

result in biased estimates of the intervention effect and reduced statistical power [62, 63]. For 239 

example, in The Women’s Health Initiative Nutritional Biomarkers Study the prevalence of 240 

underreporting energy intake was approximately 5% higher in the intervention group 241 

(received group and individual nutrition intervention sessions and self-monitored fat, fruit 242 

and vegetable intake) than the comparison group [64]. Combining self-reported dietary intake 243 

with recovery biomarkers may be useful for minimising differential error, however further 244 

strategies are needed [65].  245 

Technology-based dietary assessment methods 246 

Given technology is now mainstream, there is potential for self-administered paper-247 

based tools or interviewer-administered dietary assessment methods, to be modified to 248 

become accessible in an online format. For example, the self-administered web-based 24-249 

hour recall eliminates the need for an interviewer and implements automated coding as food 250 

records are electronically linked to a nutrient database. Although the conversion of paper-251 
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based methods into web-based methods may have advantages, including faster completion 252 

and the collection of dietary intake from a broader population, it may not address dietary mis-253 

reporting.  254 

Image-based dietary assessment methods include the active collection of digital 255 

photographs or images, or passive collection by means such as wearable cameras, for 256 

assessing dietary intake [66]. This allows capture of all foods and drinks consumed including 257 

portions, removing some limitations of traditional dietary assessment methods including the 258 

ability to recall types and amounts of food consumed. Image-based methods are feasible 259 

given the availability of embedded cameras in personal digital assistants and smartphones, or 260 

through the use of wearable cameras [66]. These methods have been shown to reduce user-261 

burden, with image-based applications on mobile phones found to be easier and more 262 

convenient to use than manually weighing and measuring foods every day [67].  263 
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Table 1. Summary of dietary assessment methods outlined by Collins et al., [68] and Food and Agriculture Organization (FAO) [69].  264 
 Dietary assessment 

method 
Description  Information obtained  Strengths  Limitations  

Traditional 
dietary 
assessment 
method: 
prospective 

Food records  Written accounts of 
an individual’s food 
and beverage 
consumption during a 
pre-defined period 
(e.g. 3 or 7 days)  
 

-Includes qualitative and 
quantitative information  
-Usual (long-term) intake is not 
captured if only a few days are 
recorded  
-Measures group mean intakes 
and distribution of individual 
intakes  
 
 

 

-Measures actual or usual intake, 
depending on the number of days 
recorded 
-The gold-standard method for dietary 
assessment compared to other methods 
(when conscientiously completed)  
-Information is not reliant on the 
individual’s memory  
-Provides exact serving sizes rather than 
estimations  
-Provides detailed diet and nutrient intake 
data  
-Can provide contextual information 
surrounding food consumption 
-Individuals can provide the recipes and 
manufacturing product information 
related to the foods they have consumed 

-Expensive for equipment and staff 
training 
-High burden on individuals and 
researchers 
-Individuals require literacy and numeracy 
skills  
-Individuals need to be highly motivated  
-Individuals may alter their eating habits 
to make the reporting process easier 
-Reliability of food records decreases 
across time  
-Requires a suitable environment for 
weighing food  
 

Traditional 
dietary 
assessment 
method: 
retrospective 
 

Diet history An in depth-interview 
either by phone or in 
person to assess an 
individual’s dietary 
intake over a 
prolonged period of 
time (6-12 months). 
Often includes a 24-
hour food recall.   

-Provides comprehensive 
information (qualitative and 
quantitative) related to eating 
habits and patterns  
-Provides dietary intake 
information that is suitable for 
clinical use 
 

-Comprehensive information of meal 
patterns, individual food consumed, 
portion size and cooking methods  
-Describe usual food or nutrient intake 
over a prolonged period   
-Assessment method does not influence 
the individual’s eating habits  
 

-Information is reliant on the individual’s 
memory  
-The assessment method is not 
standardised, therefore it is difficult to 
make comparisons 
-High burden for researchers for data entry 
and coding  
-May not be suitable for young children 
and the elderly  
-Interviews can be time consuming to 
obtain sufficient information  
-Portion size estimation of past meals can 
be difficult 
-Interviewers require training  

Traditional 
dietary 
assessment 
method: 
retrospective 
 

Food recalls A structured interview 
either by phone or in 
person to assess an 
individual’s food and 
beverage consumption 
over the preceding 24 
hours.  
 

-Measures current (short-term) 
dietary intake. Several days of 
dietary recalls are requires to 
estimate usual intake.  
-Measures group or population 
means   

-Individuals requires low literacy skills  
-Low burden on individuals  
- Assessment method does not influence 
the individual’s eating habits 
-Can be used for a large sample size  
-Provide contextual information 
surrounding food consumption 
 

-Information is reliant on the individual’s 
memory  
-Interviewers require training  
-Interviews can be time consuming to 
obtain sufficient information  
-Multi-day recalls are require to obtain 
data that is representative of the 
individual’s habitual intake   
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  -High burden on researchers for data entry 
and coding 

Table 1.(Continued)  
 Dietary assessment 

method 
Description  Information obtained  Strengths  Limitations  

Traditional 
dietary 
assessment 
method: 
retrospective 
 

Food frequency 
questionnaires 
(FFQs) 

Self-or interviewer 
administered 
questionnaire which 
assesses the 
individual’s frequency 
of consumption of 
each food from a list 
regarding a specific 
time period (e.g. 1, 6 
or 12 months).    
 

-Measures usual (long-term) 
dietary intake  
-Collects less information about 
cooking methods and portion 
sizes consumed compared to 
other dietary assessment methods  
-Generally provides a higher 
estimate of dietary intake 
compared to food records and 
recalls 
-Diet rankings rather than 
quantifying absolute nutrient 
intake of individuals 

-Assess the individual’s usual dietary 
intake  
-Low burden on individuals 
-Simple and inexpensive to administer  
-Can also be self-administered via mail or  
internet 
-Can be used for a large sample size  
-Assessment method does not influence 
the individual’s eating habits 
 

-Does not give precise information on the  
estimated portion size consumed by the 
individual 
-Foods included in the FFQ are 
limited due to the categorical nature of 
frequency of response categories 
-Individuals require literacy skills  
-Individuals may misinterpret the 
questions  
-FFQs require adaptation and validation 
for specific populations 
 

Technology-
based 
dietary 
assessment 
method: 
image-based 
methods 
 

Digital 
photographs/images  

Individuals use a 
camera to capture 
images of their food 
and meals before and 
after consumption. 
The consumed 
serving size from the 
captured images is 
estimated by the 
images alone or 
comparing them to 
reference images of a 
known serving sizes.  

-Can be incorporated with 
traditional dietary assessment 
methods or used as a stand-alone 
method to measure dietary intake  
-Can include quantitative and 
qualitative data 
-Provides dietary intake 
information in real-time which is 
independent of the individual’s 
memory 
-Dietary under-reporting may 
occur if captured images are not 
of adequate quality or images of 
meals are not recorded and the 
information cannot be collected 
retrospectively 
-Images can be directly linked to 
food composition databases to 
quantify nutrient intake   
 
 
 
 
 

-Low burden on individuals  
-Suitable for individuals with low literacy 
skills  
-Dietary intake data is not reliant on the 
individual’s memory  
-Suitable for parents assisted dietary 
assessment in children  

-Individuals may intentional or 
unintentionally not take images  
-Not all information can be captured with 
a single photograph/image 
-Estimating serving size can difficult in 
mixed dishes  
-Information about cooking methods 
cannot be captured 
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Table 1.(Continued) 
 Dietary assessment 

method 
Description  Information obtained  Strengths  Limitations  

Technology-
based 
dietary 
assessment 
method: 
image-based 
methods 
 

Mobile-phone 
based  

Individuals use the 
camera on their 
mobile phone to 
capture images of the 
food and beverages 
consumed. The 
individual or 
researcher can 
identify and estimate 
the volume of food 
and beverages 
consumed from the 
captured images.   

-Can be incorporated with 
traditional dietary assessment 
methods or used as a stand-alone 
method to measure dietary intake  
-Electronic short-term dietary 
assessment  
-Can provide real-time dietary 
intake data  
-Can include quantitative and 
qualitative data 
-Dietary under-reporting may 
occur if captured images are not 
of adequate quality or images of 
meals are not recorded and the 
information cannot be collected 
retrospectively  
-Images can be directly linked to 
food composition databases to 
quantify nutrient intake   
 
 
 

-The technology is widely used  
-Suitable for individuals with low literacy 
skills 
-Higher quality control of data due to 
reduced time delay and real-time 
responses  
-Dietary intake data is not reliant on the 
individual’s memory 

-It is expensive and time-consuming to 
develop the application and software 
-Mixed dishes are difficult to analyse  
-Data storage is limited  
-Training is required for administration, 
data collection and analysis  
-Digital data transfer requires specific 
security infrastructure 

Technology-
based 
dietary 
assessment 
method 

Web-based 
technologies  

Individuals report 
their food and 
beverage consumption 
over a pre-defined 
period using a web-
based data collection 
system. 

-Can be incorporated with 
traditional dietary assessment 
methods or used as a stand-alone 
method  
-Short-or long-term dietary intake 
  

-Automated data collection method 
reduces labour costs  
-Standardised process increases levels of 
quality control  
-Suitable for a large study sample  
-Provides interactive audible and visual 
aids 
-Individuals can provide dietary 
information at any time or location  
-Can include different countries and 
languages  
 
 
 
 
 
 

-Individuals require literacy skills  
-Software needs to be adapted to specific 
populations  
-Individuals require internet access  
-Security infrastructure is required for 
storage of the individuals data  
-There is potential for non-response bias  
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Table 1.(Continued) 
 Dietary assessment 

method 
Description  Information obtained  Strengths  Limitations  

Technology-
based 
dietary 
assessment 
method 

Wearable-devices   Individuals wear a 
sensor device that 
records biological 
movements (i.e. 
swallowing, chewing) 
and/or visual data 
related to an eating 
occasion.  
 

-Monitor short-term dietary intake 
with the influence of subjective 
influences in manual reports (e.g. 
individual’s motivation, memory 
and desirability)  
-Provides information on the 
individual’s food selection, eating 
behaviours, nutrient intake,  
digestion process  
-Estimate volume/weight of the 
individual’s dietary intake  

-Objective dietary assessment  
-Low burden on individuals  

-Only been used in controlled settings to 
date 
-Application is restricted to a small sample 
size  

 265 

 266 
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By comparison, image-assisted methods include prospective active or passive capture 267 

of images collected in similar manner to image-based methods. However, these methods are 268 

used in conjunction with traditional dietary assessment methods, such as food records or 24-269 

hour food recalls, rather than stand-alone [66]. A combination of methods may improve the 270 

accuracy of data collection, although studies in larger, more diverse samples are needed [66]. 271 

Intra- and inter-individual variability with which food is prepared, served and 272 

consumed, adds levels of complexity to automating the identification and quantification of 273 

foods contained in images collected in free-living settings. As a result, approaches to the 274 

analysis of images collected for dietary assessment vary from manual or automated [70, 66]. 275 

However, with continuing advancements in computer vision techniques and camera 276 

technologies the field is quickly progressing the automation of the image analysis [70]. 277 

Interestingly, willingness to use an image-based food record collected via a mobile device has 278 

been reported to be greater amongst individuals (n=73) with overweight or obesity, including 279 

the use of this method for relatively long durations (≥14 days) to collect dietary intake data 280 

[71]. However, 41.5% of participants reported changing eating behaviour as a result of using 281 

the mobile device [71] which is not ideal when assessing intake as a opposed to self-282 

monitoring intake where reactivity and associated positive changes to intake are encouraged. 283 

The use of wearable sensors to passively monitor and assess intake is another 284 

emerging area of technology-based dietary assessment. These devices aim to discretely 285 

collect more objective data without the need for any or minimal user input from various 286 

sensors worn on the body. Examples include devices on the wrist to detect hand-to-mouth 287 

gestures, and sensors on the neck and/or face to detect sounds or movements associated with 288 

chewing and swallowing of food, including the addition of a camera for image capture [70, 289 

72]. A wrist-worn sensor for monitoring hand-to-mouth gestures associated with bites has 290 

been shown to be more accurate at estimating total energy intake in a controlled setting 291 

compared to estimations made by the individual [73]. Similarly, a device comprising sensors 292 

for detecting chewing and body movement worn on a pair of glasses showed high accuracy 293 

for detecting food intake in a laboratory setting [74]. A version of this system has also been 294 

tested in a free-living setting and was found to have a higher accuracy at detecting eating 295 

compared to when participants self-reported using a food diary [75].  Such information 296 

provides important insights into eating behaviours and the effect on associated food intake, 297 

offering possible targets for dietary intervention strategies. 298 

However, to-date most wearable devices have been studied in laboratory settings and 299 

therefore, the acceptability and accuracy when worn in free-living settings requires 300 



15 

exploration [72]. For example, wearable devices used for dietary assessment, in particular 301 

approaches that do not contain a camera, have challenges relating to accurate identification of 302 

food type from the collected sensor data [72].  303 

Dietary biomarkers 304 

Dietary biomarkers are chemical or biological markers analysed from biological 305 

material, commonly blood or urine, related to specific dietary exposures [77]. Specific dietary 306 

factors associated with overweight and obesity that can be assessed using biomarkers include 307 

intakes of total energy, protein, fatty acids, fruit and vegetables, sugars and fibre [40].  308 

Doubly labelled water which is tagged with isotopes, such as deuterium, can be 309 

recovered in urine to objectively measure total energy expenditure (TEE) and is 99% accurate 310 

if participants are weight stable during the assessment period [78]. Accurate TEE 311 

measurement is valuable in determining the influence of genetic, metabolic and endocrine 312 

factors on weight status relative to energy consumption alone [79-81]. Dietary assessment 313 

methods that are reported to most closely approximate DLW estimates are the weighed food 314 

record and 24-hour recall methods. With estimations of energy intake,  have been shown to 315 

be improved with a technology component such as images from a camera when compared to 316 

more traditional methods [78].  317 

Accurate assessment of dietary protein is important in improving understanding of 318 

obesity management because increased dietary protein relative to carbohydrate and fat as part 319 

of an energy-restricted diet is an evidence-based approach to obesity management [82]. 320 

Increased protein intake increases nitrogen excretion, as does greater body size and higher 321 

levels of physical activity. Metabolomic biomarkers of meat consumption (carnosine), 322 

chicken (anserine) and fish (trimethylamine-N-oxide) are of interest as animal products are a 323 

predominant source of protein in the diet of most affluent populations [83].   324 

Excess dietary fat intake is associated with higher weight status or weight gain [84]. 325 

Although it is not currently possible to quantify total dietary fat intake using biomarkers, the 326 

concentration of long-chain polyunsaturated fatty acids including omega-3, omega-6 and 327 

trans-fatty acids in plasma, red blood cell membranes and in subcutaneous fat are potential 328 

indicators of relative fatty acid intake. Fatty acid biomarkers therefore have the potential to 329 

assist obesity research by differentiating how different types of fatty acid influence 330 

metabolism and adiposity [85].   331 
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Consumption of fruit is associated with a reduced risk of obesity and weight gain and 332 

consumption of vegetables is associated with reduced risk of weight gain [84]. Plasma 333 

carotenoids are considered a reliable concentration biomarker of fruit and vegetable intake, 334 

with a reported dose–response relationship between intake and appearance in plasma [86]. 335 

Adjustment of plasma concentration for BMI is necessary as increasing BMI is associated 336 

with lower carotenoid concentration due to the antioxidant role of carotenoids in the body 337 

[87]. Obesity is a proinflammatory condition in which excessive adipose tissue results in 338 

elevated levels of proinflammatory cytokines and creates a higher demand for antioxidant 339 

nutrients to counteract this effect [88]. Accumulation of carotenoid pigments from fruits and 340 

vegetables in all layers of the skin contribute to the level of yellow skin colouration, which 341 

can be objectively measured by skin reflectance spectroscopy, a non-invasive alternative 342 

method to quantify relative fruit and vegetable intake [89].  343 

Consumption of three to five serves per day of cereal foods (mainly wholegrain) is 344 

associated with a reduced risk of weight gain [84]. Evidence is accumulating that imbalances 345 

in the intestinal microbiota, in addition to other major factors such as diet and host genetics, 346 

contributes to obesity and metabolic dysfunction [90]. Human studies have shown that 347 

obesity and metabolic dysfunction are characterized by a profound dysbiosis [90].  348 

Alkylresorcinols (AR) from the bran fraction of grains are a proposed biomarker for 349 

wholegrain intake [91]. Plasma AR is possible biomarker of intake over the short (i.e. hours) 350 

to medium (i.e. 2-3 months) term, with red blood cells suggested as a longer term indicator of 351 

whole grain intake [91]. Urinary AR metabolites may provide a comparable but less invasive 352 

indicator of wholegrain intake [92]. Wholegrain consumption patterns in populations with 353 

overweight and obesity requires additional research because of the known diet-obesity 354 

relationship, in particular the increasing awareness of the role of the microbiome in obesity. 355 

Consumption of sugar sweetened beverages is associated with increased risk of 356 

weight gain in adults and children and a reduction in total sugar consumption prevents 357 

increases in measures of body weight and/or body fat [84]. While a range of sugar sub-types 358 

exist, sucrose and fructose are of interest as a fraction of dietary sucrose and fructose are 359 

excreted in urine, in amounts that are proportional to consumption, which can be measured as 360 

a biomarker under controlled conditions with multiple 24-hour urine samples.  This method is 361 

able to detect changes in sucrose and fructose intakes, classify an individual as a high or low 362 

sugar consumer and is suitable for those with obesity [85]. The ratio of carbon stable 363 
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isotopes, carbon-13 and carbon-12 can also be used to predict urinary sucrose and hence is a 364 

suitable biomarker of sugar intake [85]. The major limitation of urinary sucrose and fructose 365 

is the capability to only reflect short-term intake (i.e. 24-hours). Further research is needed to 366 

develop a longer term biomarker of total sugar intake that is reflective of habitual intake [40]. 367 

Advances in laboratory techniques and information technology combined with 368 

improved understanding of metabolism and the dietary metabolome means that identification 369 

and quantification of dietary biomarkers is likely to make substantial contributions to 370 

measuring intake and interpreting the contribution of dietary patterns to the prevention and 371 

treatment of obesity in the future. 372 

Interpreting the accuracy of dietary intake data  373 

The previous sections have discussed the strengths and limitations of traditional, 374 

technology-based methods and dietary biomarkers within dietary assessment. This section 375 

highlights further considerations for interpreting the accuracy of dietary intake data. Lissner 376 

[93] and Collins et al., [68] have identified key issues and provided recommendations in 377 

interpreting dietary data in the context of overweight and obesity, as summarised in Table 2. 378 

While these reviews [93, 68] were published during periods when traditional forms of dietary 379 

assessment predominated, the considerations raised remain relevant, despite the increasing 380 

development and use of technology-based methods and dietary biomarkers.  381 

Innovative technologies used in food and energy intake assessment have been 382 

addressed in a previous narrative review which includes information about the validity and 383 

reliability of these technology-based tools [94]. This review concluded that although these 384 

technologies can facilitate recording of food/energy intake with greater accuracy than 385 

participants’ individual estimates, caution should be exercised when using these technologies 386 

as they continue to be refined [94]. For example, images in combination with traditional 387 

recall methods (i.e. image-assisted dietary assessment) [95] and web-based food records [96], 388 

have been validated to assess energy intake in adults affected by overweight and obesity and 389 

compared with their energy expenditure assessed by DLW [95, 96]. These validation studies 390 

demonstrated that the accuracy for assessing energy intake with these technology-based tools 391 

was very high (overestimated mean, standard deviation (SD) energy intake by 6.8% (28%) 392 

[95] or comparable with traditional dietary assessment methods (mean, (SD): reporting 393 

accuracy was 79.6% (14.1%)) [96]. However, these studies were conducted with specific 394 

groups of young adults (mean, (SD): 22.9 (3.2) years old) [95] and women (mean, (SD): 34.5 395 
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(11.3) years old) [96] and therefore cannot be assumed to have the same level of accuracy for 396 

assessing total energy intake in children, young-middle aged men, or older adults affected by 397 

overweight or obesity. Furthermore, as traditional forms of dietary assessment continue to be 398 

used, it is important to be aware that only some methods and tools have had their validity 399 

tested for use in individuals with overweight or obesity (e.g. Walker et al., [97]; Hise et al., 400 

[98], Hill et al.,[55]).   401 

When interpreting the accuracy of dietary intake data, in epidemiological or 402 

intervention studies, it is good practice to source reliability and validation studies associated 403 

with the dietary assessment methodology or tool and to identify key participant 404 

characteristics in those studies (e.g. age, gender, BMI status, ethnicity). This evidence will 405 

inform whether the selected methodology/tool is appropriate for use in individuals with 406 

overweight and obesity. Additionally, the STrengthening the Reporting of OBservational 407 

studies in Epidemiology extension for nutritional epidemiology (STROBE-nut) [37] and the 408 

Consolidated Standards Of Reporting Trials Patient Reported Outcomes (CONSORT-PRO) 409 

[99] statements and checklists, can assist with planning studies, or interpreting the results of 410 

studies, that respectively aim to examine diet as a factor in the epidemiology or management 411 

of overweight and obesity. Specifically, these tools can assist with identifying sources of bias 412 

or error in measuring dietary intake. 413 

Table 2. Summary of recommendations for interpreting the accuracy of dietary intake 414 
data outlined by Lissner [93] and Collins et al., [68].  415 

Key issues  Recommendations 
Method selection  Dietary intake assessment methods need to be validated in the population of 

interest (i.e. people affected by overweight or obesity) [93]. The method of 
‘triads’ in assessing dietary intake (i.e. use of a biomarker and two other 
methods of dietary assessment) could be used more commonly, budget 
permitting, to determine the validity of reported dietary intakes [68]. 

Sources of biases Consider potential measurement errors induced by various sources of bias (e.g. 
participation or non-response bias) [93, 68], repeated measure bias [68], social 
desirability and social approval bias [93, 68], Hawthorn effect [68], recency 
bias [68], and food and/or nutrient specificity in under-reporting [93]. Specific 
strategies for minimising these biases are described elsewhere [93, 68]. 

Random error Consider random sources of measurement error (e.g. within-subject variation in 
daily dietary intake) [68]. 

Correction of measurement 
error  

Using statistical techniques to correct measurement error should be approached 
with caution [93]. A statistician experienced in the correction of measurement 
error in dietary data should be consulted [68].  

 416 

 417 

 418 
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Recommendation and research priorities 419 

Improvements in technology have facilitated improved capacity for, and accuracy of 420 

dietary assessment [85]. Importantly, they have also assisted in the provision of automated, 421 

personally tailored feedback on dietary patterns, food and/or nutrient intakes [85]. 422 

Smartphone technology can simultaneously decrease all aspects of participant and researcher 423 

burden. Technology is also proving useful in broadening availability and accessibility in 424 

developing countries, where dietary assessment has historically been very limited due to 425 

language, literacy, numeracy and cultural barriers. However, further research is needed to 426 

assess dietary intake using tools that are population-specific and culturally appropriate, given 427 

the increasing prevalence of obesity, type 2 diabetes and specific diet-related cancers in 428 

developing countries are rising in line with the adoption of more westernised dietary patterns. 429 

Semi-automated 24-hour food recalls have decreased researcher burden, as participant 430 

responses are automatically linked to a nutrient database. Automated processes, such as the 431 

Automated Self-Administered 24-hour (ASA-24) dietary recall, have also resulted in a more 432 

standardised approach to data collection using the 24-hour food recall method [100, 101]. 433 

However, variations in administration and reporting of 24-hour food recalls can limit the 434 

comparisons between studies (e.g. number of weekend and weekdays, forgotten food 435 

approach). It is therefore recommended that tools such as the ASA-24 be used wherever 436 

available and using a standardised approach. Research into possible adaptations so that the 437 

tool can be used in different countries or cultures, and linked to other food databases, needs to 438 

be prioritised.   439 

In population groups with overweight and obesity, the issue of participant burden in 440 

reporting dietary intake is overlaid by potential under-reporting biases related to social 441 

desirability. A further layer of complexity may be added if parents are affected by overweight 442 

or obesity and report on behalf of children with overweight or obesity. Passive capture 443 

methods (e.g. wearable devices) and the use of biomarkers may be relatively more useful 444 

when assessing dietary intake of those with overweight or obesity, as they minimise the risk 445 

of under-reporting bias [85].   446 

Future research priorities in this dynamic field include: 447 

1. Continued advancement in automation of recording and analysis of dietary data to 448 

lower individual and researcher burden and standardise process to reduce error 449 
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2. Continued improvements in the sensitivity and specificity of software associated 450 

with food identification and quantification from images, and associated analysis 451 

platforms (e.g. nutrition databases) 452 

3. Increased sensitivity and specificity of biomarkers used within validation studies of 453 

dietary intake and to facilitate a reduction risk of bias and inform development of 454 

calibration equations to improve data accuracy 455 

4. Further research into links between dietary intake and associated metabolic impact 456 

(e.g. microbiome and metabolome). 457 

Conclusion  458 

Recent endeavours have focussed on the application of technology-based dietary 459 

assessment methods to reduce participant burden and standardise data collection, analysis and 460 

interpretation. Despite the advantages of these methods, researchers need to consider the 461 

potential for dietary mis-reporting related to social desirability bias, especially in populations 462 

with overweight and obesity. Combining technology-based dietary assessment methods with 463 

the use of nutritional biomarkers may be a useful approach for minimising the risk of mis-464 

reporting bias. Development of calibration equations to more accurately estimate intake are 465 

recommended, although further research on this approach is required. Improving the 466 

methodologies used in future studies that assess dietary intake will be an important 467 

component in strengthening the evidence base that informs the policies and programs 468 

targeting management of overweight and obesity.  469 

 470 
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