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Abstract

Background: Dietary intake plays a crucial role in health research, yet existing methods for its measurement present several
challenges such as participant burden, lengthy recording processes and human errors, and do not account for age-specific
variations.

Objective: This study assessed the relative validity of a food recording program within Libro, a real time diet tracking app,
compared to a 24-hour recall method, specifically Intake24, among a group of young people sampled from a population
vulnerable to eating misbehaviour. The food recording program was customized for the target population based on feedback
gathered from a focus group.

Methods: The relative validity of Libro was tested by adopting a cross-over design which recorded food intake over a period of
3 non-consecutive weekdays and 1 weekend day with both methods. The primary outcome was concordance of total energy
intake between the two methods, with secondary outcomes focusing on intake of protein, carbohydrates, fats, free sugars, fibre,
and trans-fatty acids. Test-retest validity was assessed per each method with the intraclass correlation coefficient; a Bland-
Altman plot and t-test were performed to test agreement at group level; correlation coefficient and cross-classification were
performed to assess agreement at individual level.

Results: The average intraclass correlation coefficient for energy intake measured by Libro over four days was 0.85 (95% CI:
0.76-0.91). Compared to Intake24, average energy intake recorded using Libro was significantly lower (mean difference: -554
Kcal, 95% CI: -804.1 to -305.6 Kcal, p < 0.001), potentially driven by the reduced reporting of foods rich in free sugars. The
correlation coefficient for average energy intake measured by Libro vs Intake24 was 0.32 (p = 0.03), with only 27.7 % of
subjects classified in the same quartile with both methods (? = 0.31, p = 0.03). Concordance varied across specific dietary
component measures.

Conclusions: While Libro had good test-retest reliability if adopting a multi recall method, it underreported energy and other
aspects of dietary intake, along with poor classification performance compared to Intake24. These results might be partially
explained by the absence of pop-up memory prompts (which are a feature of Intake24), and the inability to customise the
notification system throughout the day. We also suggest that a user-centred interface, graphic design, and implementation of
strategies to enhance motivation may play a role in affecting participants compliance and should be improved to enhance the
overall food recording process.
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Relative validity of the food recording app Libro,
adapted for young people: a crossover study

Abstract:

Background 

Dietary intake plays  a  crucial  role  in  health  research,  yet  existing methods for  its  measurement
present several challenges such as participant burden, lengthy recording processes and human errors,
and do not account for age-specific variations. 

Objectives

This study assessed the relative validity of a food recording program within Libro, a real time diet
tracking app, compared to a 24-hour recall method, specifically Intake24, among a group of young
people sampled from a population vulnerable to eating misbehaviour. The food recording program
was customized for the target population based on feedback gathered from a focus group.

Methods

The relative validity of Libro was tested by adopting a cross-over design which recorded food intake
over a period of 3 non-consecutive weekdays and 1 weekend day with both methods. The primary
outcome was concordance of total energy intake between the two methods, with secondary outcomes
focusing on intake of protein, carbohydrates, fats, free sugars, fibre, and trans-fatty acids. Test-retest
validity was assessed per each method with the intraclass correlation coefficient; a Bland-Altman
plot and t-test were performed to test agreement at group level; correlation coefficient and cross-
classification were performed to assess agreement at individual level. 
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Results

The average intraclass correlation coefficient for energy intake measured by Libro over four days
was 0.85 (95% CI: 0.76-0.91). Compared to Intake24, average energy intake recorded using Libro
was significantly lower (mean difference: -554 Kcal, 95% CI: -804.1 to -305.6 Kcal, p  < 0.001),
potentially driven by the reduced reporting of foods rich in free sugars. The correlation coefficient
for average energy intake measured by Libro vs Intake24 was 0.32 (p = 0.03), with only 27.7 % of
subjects classified in the same quartile with both methods (κ = 0.31, p = 0.03). Concordance varied
across specific dietary component measures.

Conclusions

While Libro had good test-retest reliability if adopting a multi recall method, it underreported energy
and other aspects of dietary intake, along with poor classification performance compared to Intake24.
These results might be partially explained by the absence of pop-up memory prompts (which are a
feature of Intake24), and the inability to customise the notification system throughout the day. We
also  suggest  that  a  user-centred  interface,  graphic  design,  and  implementation  of  strategies  to
enhance motivation may play a role in affecting participants compliance and should be improved to
enhance the overall food recording process. 

Keywords:
Food recording, dietary intake, nutrition, young people, eating disorders, dietary assessment.

Introduction
Measurements  of  food  choices  and  dietary  intake  are  central  to  much  health-  and  diet-related
research. Current gold standard methods include recovery biomarkers, which are objective measures
of  nutrient  status.  However,  they  are  expensive,  do  not  capture  the  full  complexity  of  dietary
behaviour, and only exist for a subset of nutrients (1). Self-reported dietary assessment methods are
thus  more  commonly  used  and  include  food  frequency  questionnaires  (FFQs),  24-hour  recalls
(24HRs), and food recording diaries (FRs). FFQs measure dietary intake over a longer time, usually
6 to 12 months, categorizing similar food items and quantifying their frequency of consumption. In
contrast, 24HRs assess the detail of diet during the previous 24 hours. This makes the instrument
more precise in nutrient intake calculation, though more susceptible to day-to-day variation which
can be accounted for by the collection of multiple, non-consecutive recalls.  FR methods also assess
diet over a shorter period, yet the recording process is done in real-time, potentially correcting for
retrospective memory bias, but subject to reactivity. 
Despite the higher precision of 24HRs and FRs methods compared to FFQs, they still face several
challenges such as i) random recording errors; ii) person-specific biases related to e.g., motivation,
age, gender; iii) high participant burden for data entry, cognitive load, portion size estimation, and
memory;  iv)  social  desirability  of  food  and  psychological  vulnerability  that  could  trigger
underreporting or eating patterns alteration (2, 3). Adolescents and young people may face additional
hurdles due to sporadic and social eating, and heightened risk for the development of maladaptive
eating behaviour (4, 5). While random errors can be mitigated through repeated measures, systematic
errors consistently deviate from true values and may be method specific, leading to biases in results
(3).  To ensure good reliability and accuracy, new methods need to be validated against existing ones.
When a direct  comparison to  unbiased  gold standard  methods is  not  feasible,  validation  studies
should  select a reference method that is sensitive to different types of errors and has previously
established a certain degree of validity (6). Accordingly, these studies measure relative as opposed to
absolute validity, a factor that should be considered in results interpretation. It is also important that
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validation studies are conducted across different demographic groups acknowledging age-specific
variations that could occur in energy demands, eating behaviour, and self-reporting accuracy (7, 8). 
Technology-based  tools,  particularly  in  a  mobile  format,  are  preferred  by  young people  (9-12).
Digital tools ease dietary data collection through e.g., multiple entry modalities, drop-down menus,
and more automatised matching procedures to food databases  (13). Image-recognition methods are
also available, although they are still in their infancy and are not acceptably precise  (14). Several
studies have validated digital FRs and compared them against 24HRs and found a poor performance
for energy intake, and mixed results for nutrients intake (15, 16).  However, neither study accounted
for age or demographic group as previously recommended. Also, both studies employed a 24HRs
interview as reference method, conducted on the same day and meal as the FR log. This experimental
set-up might skew results by memory reinforcement processes and prompts of commonly forgettable
food  items  during  the  interview,  unlike  the  food  log  app  evaluated.  Technological  tools  hold
significant promise for enhancing the precision of self-reported dietary assessments while reducing
costs  and  participants’ burden.  They  are  generally  well-accepted  and  show  good  compliance,
although  adherence  may  decrease  over  prolonged  recording  periods  (9,  15).  Altogether,  this
underscores the need of refining these tools on preferences from the target group, and conducting
validation studies that address gaps and limitations identified in the literature.  
The aim of the present study is to test the adherence to and relative validity of a mobile-based FR
app – the Libro app – against a web-based 24HRs i.e., Intake24 in a group of young people using a
cross-over design. Given the heightened risk and prevalence of disordered eating behaviour in the
target  age  group,  we  focused  on  populations  known  to  be  vulnerable  (4,  5),  especially  as
vulnerability  may not  always be apparent  and dietary  assessment  studies  should  carefully  avoid
potential triggers. The Libro app (Nutritics Ltd) is equipped with comprehensive food database from
different countries, including the official UK national databases i.e., 2021 McCance & Widdowson
Composition of Foods integrated dataset & Quadram labelling dataset  (17, 18). Libro was chosen as
it  offers  unique  features,  such as  customizable  programs  with  specific  media,  parameters,  daily
reminders, selective trackers and feedback display, and real-time compliance tracking through the
Nutritics platform. We then tailored a specific program on young people, upon feedback received
from a  focus  group.  Intake24  utilizes  the  UK Nutrient  Databank  and was  adopted  as  reference
method because : i) its interface was developed for maximum engagement of adolescents and young
people  (19); ii) its relative validity was tested across various populations, including young people
(20-22); iii) it is sensitive to a different type of memory errors: while Libro is particularly prone to
prospective memory errors (forgetting to initiate a record), Intake24 relies on retrospective memory
(recalling what was eaten).  

Methods

Focus group and food recording programme

Three young people were recruited, upon given consent, through the McPin foundation to participate
in the focus group in March 2023, which was conducted remotely via Microsoft Teams. The McPin
foundation is a mental health research charity, and it was chosen to facilitate access to young people
with  lived  experience  of  psychiatric  disorders  including  eating  misbehaviour.  Individuals  were
considered  eligible  if  aged  between  14-27  years  old  and  currently  living  the  United  Kingdom.
Participants were selected to include individuals with previous experience with any digital FR, and at
least one person with history of eating disorders.  Due to the sensitive nature of the conversation, no
camera or voice recordings were used. Two researchers facilitated the focus group. Written records
of  the  discussion  were subsequently organized in  major  themes encompassing:  i)  media content
including  welcoming  videos,  instructions,  and  troubleshooting;  ii)  notification  system  including
frequency and format of reminders; iii) food recording and portion size estimation; iv) trackers and
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psychological  factors  including  potential  harms;  v)  preferable  support  routes  to  accommodate
technical issues. 

Validation study 

Participants recruitment

Participants were recruited through the McPin foundation and considered eligible if between 14-27
years old and currently living in the United Kingdom. No other eligibility criteria were applied. Each
participant was asked to sign a consent form before enrolment and received a monetary reward at
study conclusion. Recruitment was conducted via mailout to the McPin foundation register of young
people interested in mental health research, and delivery of the study was conducted remotely using
Microsoft Teams. The sample size was determined based on the required precision in the correlation
between the average measures obtained from the Libro and Intake24 methods. To achieve a 95%
confidence interval width between 0.21 in Pearson correlation, based on an anticipated correlation of
0.8, it was necessary to enrol 50 subjects to participate in the study. A total of 49 participants were
recruited.  The  protocol  for  the  validation  study  and  focus  group  were  approved  by  the  Ethics
Committee of the University of Surrey (Reference number: FHMS 22-23 099).

Experimental design

The data were collected between May and August 2023, using the cross-over design illustrated in
Figure 1. Twenty-seven participants included in the study recorded their food intake using the Libro
app on three alternative weekdays (i.e., Monday, Wednesday, and Friday) and one weekend day (i.e.,
Saturday)  during  week  1.  In  the  subsequent  week (week  2),  they  followed  the  same recording
protocol using Intake24. Conversely, 22 participants used Intake24 in week 1 followed by Libro in
week 2. Participants were assigned to either sequence by alternation. The group size difference was
due to a technical issue with the Libro app's initialization, which meant that two participants initially
allocated to the Libro-Intake24 sequence were reassigned to the alternate order.

Figure 1. Experimental design and participant flow: Forty-nine participants  were included in the
study and randomized to each study branch. Twenty-two participants recorded their food intake using the
Libro app on three alternative days (i.e.,  Monday, Wednesday, and Friday) and one weekend day (i.e.,
Saturday) during week 1. In the subsequent week (week 2), they followed the same recording protocol
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using Intake24. Twenty-seven participants first recorded their diet with Intake24, and subsequently with
Libro. One participant failed to record their diet with Libro and was thus excluded from the analysis. One
further participant was excluded due to implausible reporting of energy intake higher than 5000 Kcal with

Intake24. Created with BioRender.com.

Use of Libro and Intake24

An initial online appointment was arranged with each participant to deliver verbal instructions for
both Libro and Intake24. Each participant then received an anonymised code and email address for
registration to the Nutritics study account and log in to Libro. Manual emails were sent a couple of
days  before  the  first  food  log  with  both  methods.  A day  before  initiating  the  Libro  program,
participants were also notified via a welcoming message and an instructional video within the app.
For Intake24, automatic reminders were also sent through the app on the day before recording their
diet. To ensure the timely submission of daily food records, real-time monitoring was conducted by
the lead researcher through the analytics platform of Nutritics and Intake24 to track user activities.
Reminders via email were sent if food records were missing.

Measures

To evaluate the validity of the Libro food record, dietary outcomes captured by Libro and Intake24
were  compared.  The  primary  outcome  focused  on  total  daily  energy  intake,  while  secondary
outcomes were intakes of carbohydrates, fats, protein, fibres, free sugars (i.e.,  non-milk extrinsic
sugars) and trans-fatty acids intake. The selection of carbohydrates, fats, and protein as secondary
outcomes align with other nutritional studies; whereas fibres, trans-fatty acids and free sugars were
chosen based on their favourable (fibres only) and unfavourable effects on health and increasing
research looking at diets high in such nutrients (23-25).

Data processing and statistical analysis

Adherence

Protocol adherence was quantified by the number of daily single recalls (SRs) completed, intended
as record of foods and drinks on a single given day, done by each subject, with each given method.
Full adherence was intended as completion of all four assigned SRs, difference in full adherence
between methods was assessed with the McNamar Chi-squared test and considered significant with p
value < 0.05. Subjects that did not complete any SR with either Libro or Intake24 were excluded
from the subsequent analysis. 

Data quality check and data cleaning

Data quality checks of SRs were carried out through data visualization with boxplots at the end of
data  collection.  Recorded  portion  sizes  of  outlying  points  were  checked  to  explore  potential
recording  errors.  When  possible,  participants  were  also  consulted  when  recording  errors  were
suspected. Finally, we quantified underreporting within each method by calculating the percentage of
SRs showing energy intake lower than 400 Kcal. To maximise data quality and minimise the impact
of  random  recording  errors,  SRs  reporting  an  energy  intake  (EI)  higher  than  5000  Kcal  were
excluded. We have compared results obtained with and without filtering high values as a sensitivity
analysis and no differences in trends and effects were detected. No filters were applied for SRs lower
than 400 Kcal. 

Statistical analysis

Single recalls and test-retest reliability
The day-to-day variation in total energy intake from single recalls per participant was quantified as
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the difference between the highest and the lowest SR and summarized across participants as median
and interquartile range (IQR) for each method, with a Wilcox test assessing significant differences
between methods.  The intraclass  correlation coefficient  (ICC) was also used to  assess test-retest
reliability within methods and computed following a two-way mixed-effects model, assessing the
reliability  when  the  average  of  four  (rather  than  single)  measurements  is  used.  Correlation
coefficients were also calculated between single entries within each method to facilitate distinction
between method-related differences in individual-level assessment and normal daily variation.

Individual and group agreement between methods
We first calculated the mean average EI and nutrient intake (NI) across SRs as recorded with Libro
and Intake24 separately for each participant. A paired t-test and Bland-Altman plot were used to
assess  agreement  at  group level  and presence/direction of difference in  average intakes between
methods. For the Bland-Altman plot, individual EI was represented by the median of SRs, as the
distribution of difference values using mean of SRs, including log-transformed data, did not conform
to the normality assumptions. A mixed-effects model was then performed to confirm the difference in
average EI between methods while also controlling for potential  order effects  from the study. A
correlation coefficient was determined to evaluate agreement between methods on an individual level
using  a  continuous  scale.  To  adjust  for  variations  in  test-retest  reliability  across  methods,  a
deattenuated coefficient was computed following the approach outlined by Trafimow et al.  (26).
Cross-classification  analysis  was  conducted  to  assess  agreement  at  the  individual  level  on  a
categorical  scale,  utilizing  quantiles.  A favourable  outcome  was  defined  as  more  than  50% of
individuals  being  classified  into  the  same  category,  with  fewer  than  10% being  classified  into
diametrically  opposite  categories.  Finally,  kappa  statistics  was  computed  to  quantify  inter-rater
reliability on this categorical scale. 
The choice of statistical tests to performed was guided by a review from Lombard and colleagues
(27).  Before  each  statistical  test,  normality  assumption  was  assessed  with  qq  plots.  When  the
normality assumption was met, parametric tests were performed, and mean values used; when data
were not normally distributed, non-parametric alternatives were performed, and median values used.
A p-value of 0.05 was adopted as significant thresholds for hypothesis tests. Average NI was first
summarised as energy density for visual comparison with reference values from the National Diet
and Nutrition Survey (NDNS). For analysis, average NI per participant was adjusted based on the
residual model where the dependent variable is absolute nutrient intake in grams, the independent
variable is total EI (28). When applying the residual model, five values (within free sugars and trans-
fatty  acids  intake  measures)  resulted  just  below  zero  and  were  thus  considered  as  0  for  data
interpretability.  Data were pre-processed and analysed using the R language in RStudio (version
4.3.0) using the packages: “networkD3 0.4”, “car 3.1-2”, “lme4 1.1-35.1”, “irr_0.84.1” (29-33). The
scripts used for data pre-processing and analysis are available on GitHub (34).

Results

Results from the focus group and FR program creation

The focus group included three females aged 23, 25, and 26 years old who had previous experience
with FR apps; two had history of eating disorders. The consultation highlighted the following points: 
1. It would be helpful to include FR instructions both in a written and video format, as well as

examples for troubleshooting. 
2. Notifications should be sent throughout the day to aid food recording and commonly forgotten

ingredients e.g.,  sugar and sauces. Where possible,  the notifications should be customized to
ones’ eating schedule as “useless and potentially annoying” otherwise.

3. Young  people  find  the  food  entry  process  tedious  and  suggest  employing  multiple  entry
modalities, as well as AI-based picture recognition and portion size estimation to aid the process
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and limit the FR-related burden. Where not possible, they suggest including examples of portion
sizes and highlight the importance of an easy-to-use graphic interface. 

4. Young people confirm that feedback during the FR process could potentially alter their eating
patterns and should therefore be limited to the period after study completion. The young people
also pointed out that trackers could trigger obsessive thoughts and disordered eating behaviour,
and they suggest phrasing reminders in a “neutral and gentle” format. 

5. The availability of virtual support would make young people more comfortable with the process
and they highlight that it could help avoid issues with data quality and missing entries.

Based on the insights gain from the focus group, the Libro program was customized as follows (see
Figure S1):
1. A welcoming message  was  included and delivered  on  the  day before  the  start  of  the  study.

Instructions were directly accessible through the app, in both written and video format. 
2. A notification system was created which sent 4-5 reminders within the app throughout the day

and  notes  for  commonly  forgotten  ingredients  were  included.  Note  that  individual  level
customization of notifications and pop-up memory prompts were not possible. 

3. Changes at  the user-interface level  and inclusion of AI-based recognition functions were not
possible. However, the Libro app allows for multiple entry modalities i.e., via text, barcode, and
voice notes. 

4. No trackers were shown during the study or delivered after completion. Reminders and prompts
were formulated neutrally. 

5. The email address of the researcher responsible for data collection was made available within the
program for any queries.

Example of the food recording process and graphic layers can be found in Figure S2.

Results from the validation study

Participants

Of 49 participants  included  into  the  study,  one  didn’t  complete  any SR in  Libro,  and one  was
excluded due to poor data quality, resulting in 47 participants for analysis. Fourteen participants were
female (29.8%), mean age (+- standard deviation) was 23.2 (± 2.4) and mean BMI was 24.3 (±7.4)
(see  Table  1).  Five  participants  had  past  or  current  diagnosis  of  a  psychiatric  disorder  (two
participants had eating disorders, three anxiety and/or depression). 

Table 1. Demographics of the included sample

Final sample Males Females 
n = 47 n = 33 (70.2%) n = 14 (29.8%)

mean age 23.2 (± 2.4) 23.6 (± 1.7) 22.8 (± 2.8)
age range 19.1 - 27.1 20 - 27 19.1 - 27.1

weight (Kg) 63 (± 9.6) 65.2 (± 7.9) 57.6 (± 11.4)
height (cm) 163.65 (± 17.5) 164.6 (± 19.8) 161.3 (± 10.2)

BMI 24.3 (±7.4) 25.2 (± 8.3) 22.2 (± 4.4)

±:  standard deviation

Adherence

Of the 49 participants included in the study, 46 participants (94%) completed 4 SRs with Intake24,
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the remaining 3 (6%) completed 3 SRs. Forty-three participants (88%) completed 4 SRs with Libro,
4 participants (8%) completed 3 SRs, 1 participant complete 2 SRs, 1 completed none. Difference in
full adherence did not differ significantly between the two methods (McNemar Chi-squared test, p
value = 0.45).

Data quality check and data cleaning 

Figure 2 shows the daily EI from each single recall by each given day. Daily EI captured by Intake24
showed a higher number of outliers with a trend towards the higher end. Manual inspection of the
recorded items found a few implausible portion sizes underlying these records. Single recalls higher
than 5000 Kcal were then removed for both methods from further analysis. Data quality was also
inspected in terms of underreporting defined as EI < 400 Kcal. Three SRs (1.6%) were identified for
Intake24, although no participant had an average EI below 400 Kcal when considering the mean of
their  recorded SRs.  Ten SRs (5.3%) recorded using Libro were lower  than  400 Kcal,  with two
participants (4.1%) reporting less than 400Kcal on average across all their SRs. 

Figure 2. The distribution of daily single recalls of total energy intake by day from all participants recorded with Intake24 (left) and

Libro (right). 

Results on energy intake

Single recalls and test-retest reliability

Day to day variations of SRs per participant can be seen in Figure 3. The median of EI variation was
975.9 Kcal (IQR = 583.1 – 1577.4 Kcal) for Intake24 (in Figure 3A), 754.8 Kcal (IQR = 539.7 –
1360.4 Kcal) for Libro (in Figure 3B) (paired sign-rank Wilcox test: p value > 0.05). The ICC was
similar between methods: the average ICC over four days for Intake24 was 0.83 (95% CI: 0.73 –
0.90),  ICC  for  Libro  was  0.85  (95% CI:  0.76-  0.91).  Correlation  between  single  entries  were
moderate within both methods, ranging from a Spearman correlation coefficient of 0.48 to 0.64 for
Libro (all p’s ≤ 0.001), from 0.55 to 0.71 for Intake24 (all p’s ≤ 0.0001).
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Figure 3. Day-to-day variations of the energy intake for each participant captured using Intake24 (A) and Libro (B). Different colours
refer to different participants. EI: energy intake, IQR: interquartile range.

Individual and group agreement between methods

The mean average daily EI across participants captured by Libro was 1512 Kcal, the median was
1542 Kcal, minimum and maximum values were 306 and 3138 Kcal. The average EI captured by
Intake24 was 2094 Kcal, the median was 2031 Kcal, minimum and maximum values were 592 and
4351 Kcal. Qq plots for energy intake analysis can be seen in Figures S3-S5. The Bland-Altman plot
estimated a bias of -554.9 Kcal (95% CI: -804.1 to -305.6 Kcal) with 95% limits of agreement being
-2263.5  to  1153.7  Kcal  (see  Figure  4A).  Visual  inspection  of  the  Bland-Altman  plot  shows no
dependency of differences on average EI values. Agreement at group level was also assessed using a
paired t-test which revealed a significant difference in EI assessment (p < 0.001) as shown in Figure
4B. Analysis through linear mixed models confirmed a significant impact of the assessment method
on  EI  variation  (p  =  3.45e-05)  while  the  sequence  of  method  application  did  not  significantly
influence the results (p = 0.147). Analysis of individual agreement between average SRs revealed a
Pearson correlation coefficient between methods of 0.32 (p = 0.03) as illustrated in Figure 5A. After
adjusting  for  the  attenuation  effect,  the  correlation  coefficient  rose  to  0.38.  Utilising  a  cross-
classification approach as depicted in Figure 5B, 27.7% of the subjects were categorised in the same
quartile,  4.3% were placed in  opposite  categories.  To further  evaluate  inter-rater  reliability  on a
categorical scale, weighted Kappa statistics was employed indicating a fair agreement (κ = 0.31, p =
0.03)
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Figure 4. Group-level analysis. (A.) Bland-Altman plot. The differences between medians of SRs are plotted against the averages of
the medians, with limits of agreement indicated by the dashed red lines and bias by the continuous black line. The blue line is used to
investigate if any trend in the differences across the range of measurements exist.  (B.) Violin and boxplots. Violin and boxplots of
Energy Intake (EI) in Kcal as recorded by Intake24 (orange) and Libro (light blue). Triangles represent outliers. ***: p value < 0.001.

Figure 5. Individual level analysis. (A.) Scatter plot of average individual energy intake (EI) values in Libro versus Intake24 with a
linear regression line.  (B.) Sankey diagram depicting participant flow from one quartile as assessed by Intake24 (left) to the same or
different quartile as assessed by Libro (right).

Results on nutrients intake 

Summary statistics (mean and median intake) of NI can be found in Table 2, along with standard
scores reported by the NDNS for the 19-64 age group. The NI is expressed in nutrient density (%)
for visual comparability.  The percentage of energy derived from fats,  carbohydrates,  and protein
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intake  was  comparable  to  the  NDNS data  for  both  Libro  and  Intake24.  Free  sugar  intake  was
comparable for Intake24 only, whereas trans-fatty acid intake was comparable to NDNS data for
Libro only.  
We then applied the individual and group level analysis to energy-adjusted NI (Table 3). Given the
non-normal distribution of NI data, non-parametric methods were employed. Spearman correlation
coefficients between methods ranged from -0.04 (for fats) to 0.27 (for protein) with non-significant p
values (all r’s ≤ 0.27; all p’s ≥ 0.07) (see Figure S6). Assessment bias was quantified as median
differences  and ranged  from -0.42  g  (for  trans-fatty  acids)  to  -93.93  g  (for  carbohydrates)  and
Wilcoxon signed rank test showed a p value lower than 0.05 for all analysed nutrients, suggesting
that Libro significantly underestimate NI compared to Intake24. The biggest difference was seen for
free sugars and trans-fatty acids, with a 67% and 47% underreporting when using Libro, respectively.
Cross-classification based on quartiles showed that the percentage of subjects that were correctly
classified ranged between 12.77 % (for fats) and 38.3 % (for proteins and trans-fatty acids). Between
8.51% (for protein, fibres, free sugars, and trans-fatty acids) and 12.77% (for carbohydrates) of the
participants fall within opposite categories. Weighted Kappa statistics ranged from -0.09 (for fats)
and 0.29 (for proteins) with p values of 0.05 suggesting a significant correlation between methods
only for protein. 
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Table 2. Summary statistics of energy intake (expressed Kcal) and nutrients intake (expressed in nutrient density) as assessed by
Intake24 and Libro.

Intake
24

Mean
(sd)

Median
(lower-
upper
2.5
percent
ile)

Libro

 Mean
(sd)

 

Median
(lower-
upper
2.5
percent
ile)

NDNSa

Mean
(sd)

Median
(lower-
upper
2.5
percen
tile)

Energy
(Kcal)

2094.8
5
(828.0
8)

2031.92
(704.59-
3691.13)

1512.02
(673.52)

1542.61
(386.97-
2698.34)

1882
(628)

1815
(864-
3176)

Protein
(%)

17.1
(3.96)

17.02
(9.74-
24.93)

20.83
(7.94)

19.41
(11.45-
41.91)

16.5
(4.2)

16.0
(10.3-
25.6)

Fat (%) 31.95
(5.55)

33.06
(22.49-
39.93)

34.02
(6.4)

33.77
(24.44-
47.1)

32.9
(6.6)

33.4
(18.9-
44.9)

Carbohy
drate
(%)

49.84
(7.46)

49.06
(37.53-
66.43)

43.34
(10.75)

45.78
(11.63-
58.83)

45.5
(7.7)

45.5
(30.0-
60.5)

Fibers
(%)

1.49
(0.49)

1.37
(0.97-
2.89)

2.31
(0.88)

2.29
(0.95-
3.91)

- -

Free
sugars
(%)

11.8
(5.78)

11.28
(4.62-
22.17)

5.36
(4.06)

4.35
(0.02-
14.58)

11.6
(6.2)

10.7
(2.4-
25.0)

Trans
Fatty-
Acids
(%)

0.37
(0.12)

0.37
(0.18-
0.65)

0.67
(0.53)

1.5 (0.14
-
2.17)

0.7
(0.3)

0.6 (0.2-
1.3)

aMean  and  median  intake  from  the National  Diet  and  Nutrition  Survey
(NDND) for the years 19-64 age groups for reference

Sd: standard deviation
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Table 3. Individual and group level analysis of energy-adjusted nutrients intake between Intake 24 and Libro. 

Intake2
4
 median
(IQR)

Libro
 media
n (IQR)

Spea
rman
(r)

Spea
rman
(p
value
)

Medi
an
differ
ence
(95%
CI)

Wilcoxon
signed
rank  (p
value)

Cross-
classifi
cation
 %
same
quartil
es

Cross-
classifi
cation
 %
opposi
te
quartil
es

Weig
hted
Kap
pa
stat
(val
ue)

Weig
hted
Kap
pa
stat
(p
valu
e)

Protein(g
)

90.25(76
.05-
99.79)

67.52(5
9.93-
82.6)

0.27 0.07

-
17.88

(-
23.45
,-
13.91
)

3.7997249
1e-07

38.3 8.51 0.29 0.05

Fat(g)
76.29(67
.77-
81.51)

56.47(5
1.87-
61.69)

-0.04 0.77

-
20.61

(-
26.81
,-
13.79
)

3.438657e-
09

12.77 10.64 -0.09 0.53

Carbohy
drate(g)

273.71(2
53.75-
293.78)

179.78(
162.9-
192.15)

0.21 0.16

-
93.93

(-
107.9
5,-
83.56
)

2.8e-14 34.04 12.77 0.19 0.2

Fibers(g)
14.35(12
.55-
16.22)

16.58(1
3.29-
20.22)

0.2 0.18
2.07
(0.51,
3.49)

0.0093825
9422864

34.04 8.51 0.22 0.13

Free
sugars(g
)

61.69(42
.18-NA)

20.26(1
0.8-
30.37)

0.21 0.15

-
41.39
(-
49.9,-
32.07
)

1.5191e-11 31.91 8.51 0.19 0.2

Trans
Fatty-
Acids(g)

0.88(0.7
6-0.98)

0.45(0.2
6-0.6) 0.16 0.27

-0.42
(-
0.56,-
0.34)

6.3852384
386e-05 38.3 8.51 0.19 0.2

IQR: Interquartile Range, CI: Confidence Interval 
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Discussion
The present study customised and tested the validity of a food recording program – built in
the  Libro  app –  against  a  24-hour  recall  system,  Intake24,  in  a  group of  young people
sampled from a population vulnerable to eating misbehaviour. We found that both Libro and
Intake24  presented  a  comparable  day-to-day  variation  and  good  test-retest  reliability.
However,  Libro  was  poorly  correlated  with  Intake24  even  with  four  measurements  per
method,  and  appeared  to  underestimate  both  energy  and  macronutrients  intake,  with  an
underreporting bias  for  EI  of  27% (554 Kcal)  and wide  limits  of  agreement  (-1153.7 to
2263.5 Kcal). These results are consistent with another study where a FR app underestimated
energy intake – although of 6% – and about half of the nutrients relative to a 24-hour recall
(16). Specifically, Ocke et al. found the FR app to underestimate the total intake in saturated
fats, carbohydrates, mono- and disaccharides as expressed in grams per day; but not others
such as proteins (g and Energy %), sodium (mg), saturated fats, carbohydrates and modo- and
disaccharides as expressed in energy percentage (16). Other authors focused on the accuracy
of  dietary  recording  of  a  controlled  meal  and  found  that  participants  significantly
underreported their energy intake when using a FR app with wide limits of agreement. With a
24HRs method, participants also underreported energy intake, albeit not significantly. Worth
noting, the FR app was generally described as easy to use and likely to be used daily  (15).
Libro reported 67% less free sugar intake when compared to Intake24, and a considerable
underreporting  of  47%  is  also  seen  for  trans-fatty  acids.  Few  validation  studies  have
concentrated on free sugars and trans-fatty acids, despite their significant health implications.
Recognizing this gap, we included these nutrients in our assessment, influenced by previously
established  accuracy  of  Intake24  i.e.,  findings  that  mean  free  sugar  intake  reported  by
Intake24 is within 3% of the interviewer-led recalls (20). Our results suggest that Libro might
lack accuracy in capturing free sugars and trans-fatty acids intake, although future studies
should perform reliability comparisons based on number of single recalls. Given the high
day-to-day variation of such nutrients, a higher number of single recalls  might indeed be
needed to capture true intake. 
Prior  work  suggests  that  the  underreporting  bias  observed  with  the  Libro  app  might  be
attributable to the absence of memory prompts for commonly forgotten ingredients, a feature
that  Ocke and colleagues  recommend including in  self-reported  dietary assessment  tools.
(16). The absence of tailored pop-up probs in Libro, unlike Intake24, could also explain the
relative underreporting of  free sugars  by increasing omission of sugar-rich items such as
sugar  tablets,  sauces,  sweetened  beverages,  and  snacks  for  recording.  A comparison  of
nutrient density between Libro and Intake24 against NDNS data showed visually comparable
values for protein, fats, carbohydrates, and trans-fatty acids. This might suggest that Libro
might effectively gauge the proportion of NI, despite the general tendency to underestimate
overall intake. However, the reported consumption of free sugars in Libro was still notably
lower compared to the NDNS data, highlighting the need for further refinement in Libro's
methodology to enhance the accuracy of free sugar intake estimates. 
We also evaluated agreement at the individual level, using continuous and categorical scales
and observed poor performance in both scenarios. Our findings revealed that only 27.7% of
subjects were accurately ranked in their respective quartiles for EI, with 4.3% of subjects
placed in opposite categories depending on method, although this might also reflect genuine
day-to-day  or  week-to-week variation  in  intake.  Both  correlation  and  Kappa  coefficients
showed a fair and significant agreement around 0.30, and similar trends were observed for NI
estimation,  suggesting  a  high  rate  of  measurement  error.  To disentangle  discrepancies  in
individual-level  accuracy  and  variations  from  daily  fluctuations  in  EI,  we  calculated
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correlation coefficients for single entries within each method and observed overall moderate
levels of agreement ranging from 0.48 to 0.71, consistent with the reported high ICC for
average unit .These results suggest that while Libro may be fairly consistent within its own
measures, and present good test-retest reliability when adopting a multiple recall method, it
may not accurately capture individual dietary behaviours compared to Intake24.
Self-reported dietary assessment methods are sensitive to participant compliance, and they
depend  heavily  on  motivational  processes  and  user  experience.  To  address  this,  we  co-
produced the customization of the food recording program together with a small group of
young  people.  However,  despite  implementing  several  requested  features  (e.g.,  media,
instructions, notifications, easily accessible support), we were not able to execute changes at
the user interface, graphic and software level. Participants, including young people, seem to
prioritize the user-interface layout and are more motivated by colourful and brighter icons
(35, 36). An easy-to-use interface with a minimal number of layers is also preferred  (37).
Therefore,  it  is  plausible  that  the  lack  of  a  user-centric  design,  coupled  with  the  slower
processing speed of the Libro app as compared to Intake24, and unfamiliarity with the FR
process could have contributed to lower user engagement. Consistent with that, a study found
that experienced app users tend to underestimate intake the least (11).  These factors may
have led to selective and under-reporting with Libro as users might have sought to simplify
the food recording process or forgot to log items. Similarly, our inability to customize the
notification system might have also played a role. Feedback from our focus group suggested
that notifications could be counterproductive if  they did not coincide with a participant’s
individual eating schedule, potentially disrupting the recording accuracy. The integration of
gamification strategies that utilize extrinsic rewards could also enhance user engagement in
health-focused digital solutions (38). By embedding these strategies within a framework that
also emphasizes psychological and intrinsic rewards, the overall experience could become
more compelling and effective. This approach may ensure that while extrinsic rewards such
as  points  or  badges  motivate  initial  user  interest  and  participation,  enhancing  intrinsic
motivation  promotes  e.g.,  self-determination,  competence,  and  a  sense  of  belonging,
sustaining long-term engagement and commitment.
Finally, it is important to acknowledge several limitations of the current study. First, we did
not  collect  data  on  level  of  experience  with  FRs,  which  limits  our  ability  to  determine
whether varying levels of familiarity with the task influenced data quality. Second, the online
nature of this study could have influenced participants’ motivation, biasing their commitment
throughout the process. While monetary incentives were used to encourage enrolment, we did
not  employ  reward  strategies  aimed  at  intrinsic  motivation  which  could  have  improved
compliance. This may be particularly significant for higher-burden tasks, such as completing
FRs  with  the  Libro  app.  Third,  Intake24  recorded  a  higher  number  of  entries  with  EI
exceeding  5000  Kcal,  a  finding  likely  attributable  to  technical  errors  in  portion  size
recording. We cannot rule out that Intake24 might have presented a degree of overreporting,
although this is unlikely for several factors: i) Intake24 has been validated in multiple studies
and reported  favourable outcomes; for example Bradley et al. compared intake24 validity to
an interviewer-led 24HRs and reported that intake24 underestimates energy intake of as little
as 3% in 11-16 years old, whereas it shows agreement for 17-24 years old (although data
recorded were from the same day which could increase observed validity) (20); ii) we used a
multiple-recall protocol, which is designed to minimize or eliminate recording errors; iii) we
implemented data filtering processes prior to analysis. Although both Libro and Intake24 are
built on the National food composition database, this does not include free sugar and trans-
fatty acids intake. Thus, distinct computational methodology employed to gap-fill missing
values might have affected the results (39). Finally, we acknowledge that the focus group was
constrained by a small sample size and the absence of video recordings. However, it  was
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crucial for the co-production of the program, for gaining insights into the existing barriers
and facilitators associated with food recording tasks and to avoid any trigger of maladaptive
eating  behaviour.  Future  studies  should  consider  incorporating  a  co-production  approach
including higher  sample sizes  and employing qualitative analysis  tools such as NVivo to
enhance data  interpretation  (40).  A qualitative feedback collection after  study completion
could also be helpful  in  developing future tools  targeted at  this  population group and in
optimising existing features unique to FR such as barcode, voice, and image recognition.
In conclusion, our study demonstrated good test-retest  reliability for the Libro app, yet it
exhibited suboptimal performance in assessing dietary intake in a population vulnerable to
eating misbehaviour. Indeed, Libro tended to underestimate food consumption, likely due to
i) the absence of pop-up prompts for commonly forgotten items, ii) the need for consistent
user engagement throughout the day without the support of customized notifications, and iii)
the lack of reward strategies that address both extrinsic and psychological motivators. Future
studies should focus on optimizing the app’s graphic design and underlying technology and
stratify  participants  by their  experience  with  FR.  In  parallel,  we suggest  considering  the
psychological  aspects  of  the  food recording process  and to  develop strategies  that  target
motivational factors to improve engagement and accuracy.
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Customization of the FR program in the Libro app. Orange: the welcome message displayed before the recording week includes
written and video instructions. These instructions remained accessible throughout the program. Green: User-interface (top)
during a recording day, (bottom) during a non-recording day. Meals are displayed as a task which had to be ticked off for
compliance checks via the Nutritics platform. Red: Example of the 4-5 push reminders during recording days (top) and 1during
non-recording days (bottom).
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Example of number of layers and food recording process. Orange: layer 1; recording tasks are displayed, to start recording food
participants are required to press the “go to log” button. Light orange: layer two; food log interface, to log food participants are
required to press “+”. Yellow: layer 3; within each meal, participants can type food and select among options within a drop-
down menu. Additional entry modalities were made possible (barcode, voice notes). Light yellow: layer 4; portion size
selection, for some food items examples of portion size are shown. The same selection process is repeated per each food item
consumed; all items are displayed in the grey window at the bottom and need to be saved before leaving the layer. Back to the
layer 1, participants can tick the completed task.
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Qq plots for median EI from single recalls for each participant (left: Intake24, right: Libro).
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Qq plots for mean EI from single recalls for each participant (left: Intake24, right: Libro).
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Qq plots for differences between Libro and Intake24 intake using mean (left) and median (right) values of single recalls for
each participant.
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Scatter plot of Libro versus Intake24 mean values with a linear regression line for (A.) protein intake, (B.) fat intake, (C.)
carbohydrates intake, (D.) fibre intake, (E.) free sugar intake, (F.) trans-fatty acids intake.
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CONSORT (or other) checklists
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GRRAS checklist for reporting of studies of reliability and agreement.
URL: http://asset.jmir.pub/assets/834566e9c0e31a20ad7c33c3ceb09784.pdf

Powered by TCPDF (www.tcpdf.org)

https://preprints.jmir.org/preprint/62707 [unpublished, non-peer-reviewed preprint]

http://www.tcpdf.org

	Table of Contents
	Original Manuscript
	Supplementary Files
	Figures
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6

	CONSORT (or other) checklists
	CONSORT (or other) checklist 0



