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Abstract

Background: Individual-level dietary intake data are fundamental for developing nutrition policy and programs. In low- and
lower-middle-income countries, proxy measures of individual intake (household consumption and expenditure surveys and food
balance sheets) are often used, with limited implementation of new technology-assisted applications.

Objective: We aimed to determine the relative validity, test-retest reliability, and acceptability of the Voice-Image Solution for
Individual Dietary Assessment (VISIDA) system in a sample of Cambodian women and their children aged ≤5 years.

Methods: Mothers and one of their children were recruited from 3 locations (rural, semirural, and urban) in Siem Reap province,
Cambodia. Dietary intake data were collected for each participant using 2 methods across 3 recording periods over approximately
4 weeks. In week 1, intake was recorded using VISIDA for 3 nonconsecutive days, followed by 3 interviewer-administered,
multiple-pass 24-hour recalls collected in weeks 2 to 3. In week 4, VISIDA was used again to collect a 3-day food record. After
the third intake recording period, the mothers completed a feedback survey. Differences in estimated nutrient intakes for the 3
recording periods for mothers and children were examined using a linear mixed model approach.

Results: The analysis included 210 participants (n=119, 56.7% mothers and n=91, 43.3% children). Estimated mean nutrient
intakes reported in both VISIDA recording periods were mostly lower compared to intakes reported using the 24-hour recalls.
Compared to the 24-hour recalls, statistically significant differences were found for the VISIDA recording periods for 80% (16/20)
of nutrients for mothers and 32% (6/19) of nutrients for children. Nutrient intakes estimated from both VISIDA recording periods
showed no statistically significant differences for mothers and children. For mothers, the differences of model weighted marginal
means in energy intakes (kcal) were −296 (95% CI −410 to −181; VISIDA period 1 minus 24-h recall), −274 (95% CI −390 to
−158; VISIDA period 2 minus 24-h recall), and −22 (95% CI −131 to 87; VISIDA period 1 minus VISIDA period 2). For children,
the differences in model weighted marginal means in energy intakes (kcal) were −158 (95% CI −227 to −89; VISIDA period 1
minus 24-h recall), −127 (95% CI −198 to −57; VISIDA period 2 minus 24-h recall), and −31 (95% CI −98 to 37; VISIDA period
1 minus VISIDA period 2). Most mothers reported that the VISIDA smartphone app was “easy to use” (68/108, 63%) or “very
easy to use” (23/108, 21.3%) for collecting dietary intake data.

Conclusions: The VISIDA system produced lower estimates of nutrient intakes when compared to the 24-hour recalls in a
sample of mothers and children in Siem Reap province, Cambodia. However, the estimated nutrient intakes for the 2 VISIDA
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recording periods were similar. The participating mothers reported high acceptability for using the VISIDA smartphone app to
collect intake data.

(J Med Internet Res 2025;27:e65939) doi: 10.2196/65939
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Introduction

Background
Globally, suboptimal diet is the leading risk factor associated
with mortality, with low intakes of whole grains and fruits and
high intake of sodium associated with 50% of deaths across 195
countries between 1990 and 2017 [1]. Low- and
lower-middle-income countries (LLMICs) experience the unique
challenge of a double burden of malnutrition where
undernutrition and overweight, obesity, and diet-related
noncommunicable diseases are increasing concurrently [2]. This
double burden of malnutrition is driven by a nutrition transition
in LLMICs evident by changes in the food supply, such as
increased availability of ultraprocessed foods, along with
decreased physical activity and increased sedentary behaviors
[3].

To inform program and policy developments addressing the
double burden of malnutrition in LLMICs, high-quality data on
individual-level food and nutrient intakes are essential [4]. In
these settings, proxy estimates of individual intake, such as
national food balance sheets and household consumption and
expenditure surveys, are often used with data sources to inform
nutrition support decisions [4,5]. However, these approaches
are not considered accurate for estimates of intake at an
individual level [6], and do not allow for data to be viewed by
sex or age [4,5]. Since 2000, there has been a notable increase
in the number of dietary surveys conducted in LLMICs, with
most of these surveys completed using 24-hour recalls and data
capture with pen and paper [7]. Despite this, barriers to
collecting individual-level dietary intakes in LLMICs, such as
cost and time, infrastructure, and capacity, continue to exist [4].

The development of web-based 24-hour recalls and smartphone
food record apps has streamlined the collection of
individual-level food and nutrient intake data over the past 2
decades, with a focus of implementation in high income
countries [8]. Bell et al [9] summarized the challenges regarding
the implementation of technology-assisted dietary assessment
methods in LLMICs. Common barriers included low literacy
levels, limited or unreliable network connectivity, a lack of
infrastructure for data management, and few formally trained
nutritionists [9]. In their review of the suitability of existing
technologies to support individual-level dietary assessment in
LLMICs, Bell et al [9] found that most of the camera-enabled
technologies that captured dietary intake in the form of images
showed potential for use in this context as these approaches did
not rely on participant literacy, could be used on devices with
an appropriate battery life and function without a network
connection, and captured sufficient data to quantify
macronutrient and micronutrient intakes [9].

In the past 15 years, there has been a rapid rise in the use of
intake data in the form of images, accelerated by the increased
ubiquity of mobile and smartphones with an embedded digital
camera. As such, 2 distinct dietary assessment methods using
images have emerged: image-based and image-assisted.
Image-based dietary assessment methods aim to capture all
eating occasions using images as the primary record of dietary
intake and follow food record methodology, with intake data
collected prospectively [10]. In contrast, image-assisted methods
use the images to assist traditional dietary assessment methods,
primarily 24-hour recalls, to aid as a memory prompt and/or to
assist in the estimation of portion size of food and drinks
consumed [10]. Furthermore, images may be collected actively
by the participants themselves or passively through a fixed,
mounted camera or a camera worn on the body [10]. Similar to
other technology-assisted dietary assessment methods, the
implementation of imaging approaches has been primarily
focused in high income countries [11,12] with only a few studies
having used this methodology in LLMICs [13-15].

A spoken food record is another technology-assisted method,
which, to date, has been given limited attention compared to
other dietary assessment methods. In this approach, voice
recordings containing descriptions of foods consumed or
intended for consumption are collected. Advances in and
accessibility to natural language processing have led to a rise
in the automated processing of speech intake data in recent years
[16]. However, despite the potential suitability of spoken food
records among users with low literacy, there has been no use
of this approach in LLMICs [16].

Dietary assessment research in Cambodia, currently classified
as a lower-middle income country, has primarily focused on
the assessment of the nutrient adequacy of diets in relation to
micronutrient deficiencies [17]. Furthermore, the synthesis of
research centered on the application of dietary assessment
methods in Cambodia revealed a preference for
interviewer-administered 24-hour recall methods, with minimal
use of technology to aid in data collection [18].

Objective
We aimed to describe a new dietary assessment system, the
Voice-Image Solution for Individual Dietary Assessment
(VISIDA), and to evaluate its relative validity in comparison
to 24-hour recalls, as well as its test-retest reliability and
acceptability, among Cambodian women and children aged ≤5
years.
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Methods

Study Design
This study was a free-living, observational design, with data
collected between August 2019 and March 2020 in Siem Reap
province, Cambodia. Specifically, participants were recruited
from three communities within Siem Reap province: (1) Svay
Svar commune, Varin (rural); (2) Sragnea commune (semirural),
and (3) Siem Reap city (urban). A local nongovernmental
organization (NGO), This Life Cambodia, supported logistics
and in-country approvals, in addition to completing the data
collection and parts of the data processing, following
comprehensive training under the direction of the University
of Newcastle research team.

Ethical Considerations
This study was approved by the National Ethics Committee for
Health Research in Cambodia (reference number 151 NECHR),
along with approval at the province level from the Ministry of
Health, Provincial Health Department of Siem Reap, Cambodia.
This study was also approved by the University of Newcastle
(H-2018-0515) and Curtin University (HRE2022-0366) Human
Research Ethics Committees. Informed consent was provided
by all participants. The NGO research team first approached
the relevant commune community leaders in the 3 sites. The
research objectives and methods were described to the
community leaders to request their support. The leaders were
asked to consider which households may be suitable and
interested in participating. Local households were then invited
to a group meeting to discuss the research with the mothers
from these households. During this meeting, information about
the study was presented as either a written document or read
aloud to interested individuals. The adult female member of
each household who wished to participate provided verbal
consent for participation for herself and her child, with this
consent recorded via an audio file. Participants were asked to
invite eligible extended family and friends to participate, with
information on the study then provided to these individuals as
previously described. All information about the study, including
consent, was provided in the native language of Cambodia,
Khmer. Participating households received US $5 per household
for each day that they participated in the study. Collected
participant data were deidentified.

Participants
We aimed to recruit 2 participants from each of 150 households
(mother and child), with 50 (33.3%) households each recruited
from the rural, semirural, and urban communities in Siem Reap
province. A sample size of 150 households was calculated based
on equivalent relative validity studies [11], in conjunction with
pragmatic considerations for study implementation. To be
eligible to participate, each household was required to include
a female adult, aged ≥18 years, who was a mother with one
child aged ≤5 years. Breastfeeding mothers and their breastfed
infants were eligible to participate. Pregnant women were
ineligible to participate.

Data Collection

Overview
Each participating mother and child completed data collection
as a household over approximately a 4-week period.
Demographic and household inventory data were captured at
the start of the data collection period and before the collection
of dietary intake data. Food and beverage intake data were
recorded using two methods over three recording periods in the
following order: (1) the VISIDA image-voice food record
(IVFR) smartphone app over 3 days (week 1), (2) three 24-hour
recalls (weeks 2-3), and (3) the VISIDA IVFR smartphone app
again for 3 days (week 4). All dietary intake recording days in
each of the 3 recording periods were nonconsecutive and
included one weekend day to account for any variation in intake
on weekend days compared to weekdays. At the conclusion of
the intake data collection, the participating mothers completed
a feedback survey. Multimedia Appendix 1 provides an
overview of the data collection sequence for participants, and
a detailed description of the methods used for data collection
and processing of intake data are provided in subsequent
sections.

Demographic and Household Inventory Data
Demographic information, including age, household
composition, education level, occupation, smartphone use for
the mother, and age and gender for the participating child, were
collected before the collection of intake data. Data were
collected via an interviewer-administered questionnaire
completed with the participating mother by the research
assistants using a paper-based form in the field and later entered
into an online form. In addition, research assistants completed
a household inventory for each participating household where
images, dimensions and capacity measures of usual serving and
eating vessels, and utensils used in each participating household
and by the participating individuals were recorded. The images
of key household eating vessels were captured by the research
assistants following a standardized process using the VISIDA
smartphone app, as they were to be used to assist with the
processing of the collected dietary intake data.

Dietary Intake Data Collection, Processing, and Analysis

Overview

Two dietary assessment methods were used for the collection
of dietary intake data: the VISIDA system and 24-hour recalls.
In this study, the VISIDA system was considered the “test
method” with the relative validity of this new method to be
evaluated through comparison to intake estimated from the
“reference method” of 24-hour recalls. Key issues relating to
the design of the relative validity component of the study were
considered [19-21]. The 24-hour recall method was selected as
the reference method as, although it is a self-report method, it
is widely acknowledged to have the least amount of bias
compared to food frequency questionnaires [22,23] and has
been used in relative validity studies involving dietary
assessment methods [21]. To maintain independence between
the administration of the methods to establish relative validity,
intake data were not collected concurrently [20] with the
VISIDA method, as the test method was administered first
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before the 24-hour recalls. In addition, the subsequent recording
periods were scheduled to allow all intake data collected within
an approximate 4-week period to minimize any potential effects
relating to seasonality within one household. The selection of
3 nonconsecutive recording days for each recording period was
made for pragmatic reasons (eg, to minimize participant burden)
and follows a similar approach to another relative validity study
[24] involving image-based food record conducted by the
research team. The test-retest reliability of the VISIDA was
determined through comparison of estimates of nutrient intake
collected in weeks 1 and 4 to ensure independence between
repeat administrations of the method [19].

The VISIDA System

Overview

The VISIDA system is a multicomponent platform that allows
for the collection, processing, analysis, and interpretation of
individual-level dietary intake data via images and voice
recordings [25]. The system has been developed for use in

LLMICs and accounts for the unique challenges associated with
using technology-assisted methods in these settings. Another
unique aspect of the VISIDA system is that it can capture food
consumed from a shared plate or bowl where the contents of
the food served are consumed by 2 or more individuals. Shared
plate eating is common in LLMICs; however, it is an area of
dietary intake assessment with limited research [26,27]. The
VISIDA system development was informed by previous
image-based dietary assessment work of the research team
[24,28-30], in addition to elements of co-design [31]. The
development of this system occurred through an iterative process
with formative work completed internally. The version of the
VISIDA system used in this study comprised an Android
smartphone app for the collection of intake data via an IVFR,
an offline program for viewing and annotating collected intake
data, and a web application for the semiautomated processing
and analysis of the collected intake data (Figure 1 shows the
English language version of IVFR app; see a previous study
[32] for an overview of the design of the web application
component).

Figure 1. The Voice-Image Solution for Individual Dietary Assessment (VISIDA) system components.

Collection of Intake Data Using the VISIDA System

In this study, the intake data were collected at the individual
level using the VISIDA IVFR app, with the participating mother
responsible for collecting intake and recipe data for herself and
her participating child. The mother was trained to use the IVFR
app and was provided with a smartphone (Sony Xperia L1)
installed with the Khmer language version of the IVFR app for
each VISIDA data collection period. The IVFR app also
contained audio-visual help screens and short videos in Khmer
to support users in collecting intake data during the recording
days. A printed visual summary of the recording steps was
provided to each mother. In addition, each mother was provided
with a small waist bag that they could use to carry the study
phone throughout the day if they desired, along with spare
fiducial markers (a card of known dimensions). The day
following the initial training, each mother completed a test
recording day where they were asked to use the app to record
all food and drinks consumed over the day for themselves and
their participating child. The research assistant provided

feedback to the participant during and following this test
recording day. Data from this day were not used in the analysis.

For eating occasions, images and voice recordings documenting
dietary intake were collected before eating. The IVFR app was
used to capture data for shared servings (designated as “shared
plate” in the smartphone app) and discrete servings (“own
plate”) at eating occasions for each participant. When capturing
an image of food items, mothers were instructed to assemble
the food items so that all items were clearly visible and to place
a fiducial marker next to the food items. On-screen guidance
within the IVFR app assisted the user in positioning the marker
in a consistent position (approximately 45° angle) when
capturing an image. After capturing an image, the mother
collected a voice recording briefly describing the contents of
the image. The eating occasions for each participant were
finalized by the mother via the IVFR app by indicating if each
food item was eaten completely (ie, no leftovers), was not
consumed, or only partially consumed (ie, leftovers were
present). For any leftover food, the mother captured another
image and voice recording to document the remaining food.
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For shared servings, the mother was asked to indicate which
study participants (herself or her child) ate from the serving,
along with the total number of adults (both male and female)
and children who ate from the shared serving. For foods
prepared in the home, recipe information was collected in the
form of images and voice recordings for the ingredients and the
final prepared dish. At the end of a recording day, the mother
was prompted by the app to review the intake data for the day
for herself and her participating child. If any food items were
eaten but not recorded in the app, they were asked to make a
voice recording with the details (description and estimated
amount) of the forgotten food items.

Following each of the recording days, research assistants visited
the participants in their homes and viewed the previous day’s
intake data collected using the IVFR app. This data quality
check process allowed for the collection of any additional
information to supplement the IVFR app data to maximize
completeness. Any changes to the intake data were documented
in the field by the research team. At the completion of the data
collection period, data from the quality check process were
transferred into the VISIDA system’s data viewer and annotator
program (Figure 1) along with the IVFR app data to produce a
consolidated version of the dietary intake data for participants
in each household. The intake data were then exported for
processing and analysis within the VISIDA web application.

Processing and Analysis of Intake Data Within the VISIDA
System

The dietary intake data were uploaded into a web application
(Figure 1) for processing to produce estimates of nutrient intake
using a food composition database (FCD). Processing of the
imported image and voice recording intake data within the web
application was semiautomated, with several system features
to support an analyst (eg, nutritionist, research assistant, or field
worker) trained in using the system to identify and quantify the
intake data. For example, the web application automatically
transcribed and translated the voice recordings using the Google
Translate API [33], and then automatically matched to items in
the selected FCD and offered suggestions for the analyst to
review, or alternatively, to manually search the FCD for a more
suitable match.

In-country Khmer-speaking research assistants from the partner
NGO were trained to assist with the identification stage of the
processing of the intake data, with verification by a
Khmer-speaking dietitian (JLW). Ingredients in recipes and
food items recorded in the eating occasions were matched to
the items within a Cambodian FCD. In addition, the research
assistants entered quantities that were present in the image (eg,
for packaged food) or voice recording (eg, weight of ingredients
as purchased by weight at the local market). For the remaining
quantities, members of the University of Newcastle research
team (SJS, JLW, or MER), trained as analysts, estimated the
portion sizes of the food items contained in the images.

The portion size estimations were assisted through the use of
aids within the VISIDA web application, which included (1) a
reference image database, consisting of images of >90 food
items common in Cambodia or recognized as difficult to
quantify (eg, cooked rice)food items in different portions of a

known weight, (2) measures for >300 food items within the
system’s Cambodian FCD, and (3) a virtual ruler, calibrated
via the fiducial marker, that could be used to estimate
dimensions of food items and serving vessels. In addition, the
size and capacity of common serving vessels documented in
the relevant household’s inventory were also available to assist
with estimating portion size. Where quantities were estimated
from the image, 2 analysts independently estimated the portion
of the relevant food item, with estimates blinded. For food items
with estimates of portion size that differed by more than 25%
between analysts, a third analyst reviewed the record and made
a final decision on the quantity. When a quantity could not be
estimated from the data provided, a median portion size of the
same or similar food consumed by the individual participant or
shared serving was used, where available. If this data were not
available in the collected intake data, a median portion size was
calculated for the portion sizes for the same or similar food
items from the same participant type (ie, mother or child) and
used.

Once processed by analysts, recipes collected for a household
were presented as identification options to the analyst within
the system for all eating occasions in the same household. For
recipes, nutrient retention factors at the ingredient level were
automatically applied, and a nutrient profile (per 100 g) was
generated for the final prepared recipe. For servings that were
shared, the total amount of the food item eaten was proportioned
evenly among the total number of people eating the food item
and then assigned to the participant if they were eating the dish.
For example, an adult female participant who ate from a shared
plate along with an adult female nonparticipant and a male
nonparticipant would be assigned one-third of the total amount
consumed.

Interviewer-Administered 24-Hour Recall
In the second and third weeks, three 24-hour recalls were
conducted in person by the trained in-country research assistants
at each participating adult female’s home. The three recall days
were nonconsecutive and included one weekend day. The mother
reported her intake, followed by the intake of her participating
child. An interviewer-administered, multiple-pass 24-hour recall
was adapted from a previous study [24] and used the following
passes: (1) a quick list of all items consumed in the previous
24-hour period followed by a checklist for forgotten foods; (2)
detail on foods recalled (ie, amounts, type, cooking or
preparation methods, and leftovers); and (3) review of recalled
food items.

The quantities of foods consumed were estimated using one of
three approaches: (1) a reference food image database
comprising 23 common foods, with 4 images for each food
representing different portion sizes along a continuum; (2)
common household serving utensils for Cambodia, such as a
rice serving spoon, somlar (or “eating spoon”), or coffee spoon
(or teaspoon); and (3) the size of the package for packaged
foods. During the recall interview, the research assistants read
from a script to ensure a standardized process was followed.
All recalls were completed in Khmer. In the field, data were
collected with pen and paper, translated to English, and then
transferred into a purpose-built Microsoft Access database. Data
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were then exported and loaded into the VISIDA web application.
The data contained in the recalls were then coded within the
web application, with the descriptions of the food items matched
to an appropriate item in the Cambodian FCD and the quantities
entered.

Cambodian FCD
As no comprehensive Cambodia-specific FCD was available
at the commencement of the project, the research team
undertook a systematic process to develop and compile an FCD
that represented the usual composition of foods in the forms
commonly consumed in Cambodia. The process for compiling
the new Cambodian FCD followed the Food and Agriculture
Organization and the International Network of Food Data
Systems guidelines and associated training materials [34].
Following evaluation of relevant published FCDs, primary food
composition data from the SMILING (Sustainable Management
of Iodine and other Micronutrients through Integrated Local
and Global Efforts) Cambodian [35] and the Association of
Southeast Asian Nations [36] FCDs were included. Food
composition data borrowed from secondary data sources
included the national FCDs of Australia [37,38], the United
States [39], and Japan [40] to complete the list of representative
foods and supplement missing nutrient values. Following this,
a list of foods, categorized into food groups, was prepared by
a dietitian and member of the research team (JLW) who had
been residing in Cambodia. On the basis of the information
obtained during the evaluation, a final list of representative
foods and dishes was prepared. Accordingly, local recipes
representative of typical Khmer mixed dishes were sourced.
Compilation of the nutrient profile data for the food items in
the list was managed using the International Network of Food
Data Systems Compilation Tool (version 1.2.1) [41]. The final
FCD contained nutrient values for 1099 foods (raw and cooked
foods) and beverages, including 230 recipes for mixed dishes.

Acceptability Data
Following the completion of the third and final dietary intake
collection period, the participating mother was asked to complete
a brief interviewer-administered questionnaire, with the research
assistant collecting data in a similar manner to the demographic
questionnaire. Data were collected on the participating mothers’
experiences with using the IVFR app to capture intake data.
The participants were asked to report their level of agreement
on a 5-point Likert scale (1=strongly disagree to 5=strongly
agree) on 20 statements relating to the ease of using the IVFR
app to collect dietary intake data for themselves and their
participating child, as well as using specific features of the app.

Statistical Analysis
To be included in the dietary intake analysis, participants needed
to have data for at least 2 of the 3 recording periods, with 2 or
3 recording days of food and beverage intake data collected for
each recording period. Due to the aim of this study, only
participating children with food and beverage intake data were
included in the analysis. Energy, macronutrient, and
micronutrient data were included in the analysis, with 20 and
19 nutrients analyzed for mothers and children, respectively.
Bland-Altman plots [42], were initially used to visualize any

bias and limits of agreement between the methods for mothers
and children. As no trends were observed between the difference
scores against the mean of the observation pairs as judged by
the Spearman nonparametric correlation coefficients, that is,
the bias (difference between pairs of observation) was constant
and did not vary systematically way over the range of the data,
analysis using a linear mixed model approach was appropriate.
The linear mixed model was used to examine the differences
between the means for the 3 recording periods, with the analysis
completed separately for the mothers and children. A fixed
effect based on the grouping variable, recording period (levels
VISIDA period 1, 24-hour recall, and VISIDA period 2), was
used in all models to assess the significance of differences
between the dietary intake assessment methods. For accurate
estimates of uncertainty in the estimated marginal means for
each period, the hierarchical (multilevel) nature of the study
design was taken into account by adding 2 random intercepts
to the model, one for each study participant and one for each
recording period nested within each participant. Residual
diagnostics were used to check the assumptions of normality
and constant variance. Nonconstant variance was indicated for
all components, and regressions were carried out to determine
functions for the variability of the residuals by fitting a linear
regression to the absolute value of the residuals against the
predicted values. The fitted lines estimated the SD of the
residuals as a function of predicted value [43]. The SD functions

for each intake measure were used to generate weights (1/SD2)
that were used in fitting a second linear mixed model.
Standardized residuals plots (residual/SD) from these models
were examined as part of determining the suitability of the SD
function used for the weights. A second iteration of this process
was carried out with the residuals from the weighted linear
mixed model fit being used to determine 2 additional SD
functions: one using a linear regression function between the
absolute value of the residuals from the weighted model and
predicted value, and the other using a cubic regression function.
These 2 additional SD functions were used to determine weights
for fitting 2 additional weighted linear mixed models. The final
model used for reporting results was the one chosen from 4
models fitted to have the most suitable weighting function. The
effect sizes reported were for all 3 pairwise differences between
the weighted marginal means from the final model, with 95%
CIs for the differences. Statistical significance was set at P=.05
level. The linear mixed models were fit with SPSS software
(version 28.0; IBM) using the MIXED procedure. Descriptive
statistics were used to report the findings of the acceptability
survey evaluating the IVFR app. Reporting of this study aligns
with the STROBE-nut (Strengthening the Reporting of
Observational Studies in Epidemiology-Nutritional
Epidemiology) checklist [44] (Multimedia Appendix 2).

Results

Participant Characteristics
Of the 148 households (comprising a mother and child) starting
the study, 41 (27.7%) withdrew at various points throughout
the data collection period. Reasons for withdrawal provided for
88% (36/41) of the households included being withdraw by the
fieldwork team due to the COVID-19 pandemic (19/36, 53%)
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or noncompliance with protocol or logistics (7/36, 19%), while
reasons for participants actively withdrawing themselves were
due to family or personal (5/36, 14%) obligations, new work
commitments (3/36, 8%), relocation 1/36, 3%), or illness (1/36,
3%).

Of the 242 participants (children and mothers combined) who
had dietary intake data collected during the study, 210 (86.8%)
met the analysis inclusion criteria and were included in the final
dietary intake analysis. Most households included in the analysis
were from the rural site 47/119, 39.5%), followed by the urban
(44/119, 37%) location, with a smaller number of participants
from the semirural (28/119, 23.5%) location resulting from data
collection ceasing early due to the COVID-19 pandemic. Of
the mothers included in the analysis (119/210, 56.7%),
demographic data was collected for 111 mothers. The age of
mothers ranged between 18 and 49 years (mean 28.8, SD 6.0
years), with 50.5% (56/111) completing primary school only.
Ownership of mobile phones was reported by 73% (81/111) of
the mothers, with the majority (59/81, 73%) of them reporting
owning an Android phone. Most mothers (71/81, 88%) reported
that their knowledge of mobile phone use was moderate to high,
and that they regularly communicated through voice calls (59/81,
73%) and chat-based apps (46/81, 57%). The most common
mobile phone apps used by the mothers were Facebook (64/81,
79%) and YouTube (60/81, 74%). Of the participating children
included in the analysis (91/210, 43.3%), the majority were
male (45/85, 53% of the children from whom demographics
were collected) with a mean age of 22 (SD 13) months, and
46% (39/85) of children reported to be aged between 1 and 2
years.

Comparison of Nutrient Intake Between Recording
Periods
Of the 119 participating mothers, 111 (93.3%) were included
in all the 3 recording period comparisons, with the remainder
8 (6.7%) included in only 1 comparison between recording
periods. Of the 91 participating children, 78 (86%) were

included in all the 3 comparisons between recording periods,
while 13 (14%) participants included in the analysis comparing
1 recording period. For each of the 3 comparisons, the number
of participants included were (1) VISIDA period 1 versus
24-hour recalls: 117/119, 98.3% mothers and 86/91, 95%
children; (2) VISIDA period 2 versus 24-hour recalls: 112/119,
94.1% mothers and 81/91, 89% children; and (3) VISIDA period
1 versus VISIDA period 2: 112/119, 94.1% mothers and 80/91,
88% children.

Tables 1 and 2 present the descriptive data and effect sizes for
the pairwise comparison between the 3 recording periods for
mothers and children, respectively. The linear mixed models
that were fitted to the data satisfied the assumptions of normality
and constant variance of residuals after appropriate weighting
functions were applied to adjust for the nonconstant variability
evident in all measures.

The effect sizes were differences in model-weighted marginal
means for each pair of conditions. The differences in weighted
means may differ somewhat from those calculated based on the
raw data means in the tables. This variation reflects that in the
calculation of the weighted marginal means, higher values were
less important due to their higher inherent variability than the
lower values that had lower variability.

Of the 20 nutrients analyzed for the mothers, statistically
significant differences between the methods were found for 16
(80%) nutrients when both VISIDA recording periods were
compared to 24-hour recalls (Table 1). For the children, intakes
for 6 (32%) out of the 19 nutrients showed statistically
significant differences between the VISIDA recording periods
and 24-hour recalls (Table 2). In general, the mean intakes
reported using the 24-hour recall were higher compared to either
of the 2 VISIDA recording periods. When intakes estimated
from both the VISIDA recording periods were compared, there
were no statistically significant differences observed for either
mothers or children.
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Table 1. Summary statistics for the mothers and effect sizes as the difference between the weighted means for pairs of recording periods and 95% CIs.

Effect size as difference of model-weighted marginal meansDaily nutrient intake of mothers for each recording
period

Nutrient

VISIDA period 1
minus VISIDA peri-
od 2, mean (95% CI)

VISIDA period 2
minus 24-hr recall,
mean (95% CI)

VISIDA period 1
minus 24-hr recall,
mean (95% CI)

P valueVISIDA peri-
od 2, mean
(SD)—unad-
justed

Interviewer-adminis-
tered 24-h recall,
mean (SD)—unad-
justed

VISIDAa pe-
riod 1, mean
(SD)—unad-
justed

−22 (−131 to 87)−274 (−390 to −158)−296 (−410 to −181)<.0011424 (664)1712 (759)1406 (643)Energy (kcal)

−1.9 (−6.8 to 3.1)−4.7 (−10.0 to 0.6)−6.6 (−11.7 to −1.4).0463.7 (39.2)66.9 (33.5)60.3 (33.6)Protein (g)

0.5 (−4.5 to 5.6)−4.4 (−9.8 to 1.0)−3.9 (−9.3 to 1.6).2447.1 (36.9)54.9 (40.8)47.9 (35.5)Fat (g)

−3.8 (−16.8 to 9.2)−42.6 (−56.8 to
−28.4)

−46.4 (−60.3 to
−32.4)

<.001185.6 (84.4)235.2 (103.5)181.5 (84.1)Carbohydrates
(g)

−0.2 (−1.0 to 0.7)−1.3 (−2.2 to −0.4)−1.5 (−2.4 to −0.6).0039.3 (5.5)10.9 (6.7)9.3 (5.9)Dietary fiber (g)

−0.45 (−1.35 to
0.46)

−0.90 (−1.80 to
0.01)

−1.34 (−2.24 to
−0.45)

.01b0.6 (5.9)1.5 (7.6)0.2 (2.5)Alcohol (g)

−62.9 (−110.6 to
15.2)

−5.8 (−55.8 to 44.3)−68.7 (−118.6 to
−18.8)

.009457.3
(676.4)

459.1 (375.2)425.5
(412.3)

Vitamin A REc

(µg)

0.01 (−0.07 to 0.09)−0.04 (−0.12 to
0.05)

−0.03 (−0.11 to
0.06)

.680.8 (0.6)0.8 (0.5)0.8 (0.6)Thiamine (mg)

−0.03 (−0.10 to
0.04)

−0.06 (−0.14 to
0.01)

−0.10 (−0.17 to
−0.02)

.030.9 (0.5)0.9 (0.5)0.8 (0.5)Riboflavin (mg)

−0.7 (−1.8 to 0.4)−2.7 (−4.1 to −1.4)−3.4 (−4.7 to −2.1)<.00114.2 (11.8)16.6 (12.6)13.0 (8.1)Niacin (mg)

−0.06 (−0.15 to
0.04)

−0.16 (−0.29 to
−0.03)

−0.21 (−0.34 to
−0.09)

.0041.5 (1.7)1.9 (2.4)1.3 (1.2)Vitamin B6 (mg)

−0.8 (−1.4 to −0.1)−0.9 (−1.7 to −0.1)−1.6 (−2.4 to −0.9)<.0014.9 (4.8)5.6 (8.8)4.4 (3.9)Vitamin B12 (µg)

0.1 (−9.5 to 9.8)−10.8 (−20.4 to
−1.1)

−10.6 (−20.2 to
−1.1)

.04b49.8 (51.5)60.2 (69.0)50.0 (63.3)Vitamin C (mg)

−5.2 (−29.8 to 19.3)−61.6 (−88.2 to
−35.1)

−66.9 (−93.0 to
−40.7)

<.001340.6
(169.0)

409.0 (198.8)336.0
(162.4)

DFEd (µg)

−20.0 (−106.8 to
66.9)

−116.6 (−203.7 to
−29.5)

−136.6 (−222.5 to
−50.6)

.004b507.9
(434.0)

623.6 (595.6)487.4
(531.1)

Calcium (mg)

−6.5 (−69.0 to 55.9)−64.5 (−129.5 to
0.5)

−71.0 (−134.8 to
−7.3)

.06796.1
(437.5)

855.0 (437.1)782.9
(433.2)

Phosphorus (mg)

−5.7 (−314.5 to
303.2)

−451.9 (−789.9 to
−114.0)

−457.6 (−793.1 to
−122.0)

.013549.5
(2715.7)

3854.1 (2766.8)3492.2
(2770.0)

Sodium (mg)

−47.3 (−168.5 to
73.9)

−135.8 (−261.8 to
−9.7)

−183.1 (−306.1 to
−60.0)

.011622.0
(904.1)

1722.5 (879.7)1559.8
(872.4)

Potassium (mg)

−1.1 (−2.3 to 0.2)−2.9 (−4.4 to −1.4)−4.0 (−5.5 to −2.6)<.00112.2 (9.5)14.3 (11.1)11.0 (7.4)Iron (mg)

−0.03 (−0.51 to
0.45)

−0.44 (−0.95 to
0.06)

−0.47 (−0.97 to
0.02)

.126.2 (3.5)6.7 (3.5)6.1 (3.3)Zinc (mg)

aVISIDA: Voice-Image Solution for Individual Dietary Assessment.
bEstimates from a model where no weighting was used.
cRE: vitamin A retinol equivalents.
dDFE: dietary folate equivalents.
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Table 2. Summary statistics for the children and effect sizes as the difference between the weighted means for pairs of recording periods and 95% CIs.

Effect size as difference of model weighted marginal meansChild daily nutrient intake for each recording periodNutrient

VISIDA period 1
minus VISIDA pe-
riod 2, mean (95%
CI)

VISIDA period 2
minus 24-hr recall,
mean (95% CI)

VISIDA period 1
minus 24-hr recall,
mean (95% CI)

P valueVISIDA peri-
od 2, mean
(SD)—unad-
justed

Interviewer-adminis-
tered 24-h recall,
mean (SD)—unadjust-
ed

VISIDAa peri-
od 1, mean
(SD)—unad-
justed

−31 (−98 to 37)−127 (−198 to
−57)

−158 (−227 to
−89)

<.001646 (447)793 (524)617 (442)Energy (kcal)

−0.6 (−3.4 to 2.1)−0.4 (−3.1 to 2.4)−1.0 (−3.7 to 1.7).7726.7 (20.9)25.4 (16.6)26.3 (22.0)Protein (g)

−0.3 (−2.0 to 1.4)−2.8 (−4.8 to −0.8)−3.1 (−5.1 to −1.1).00622.1 (21.5)27.0 (25.0)21.8 (23.2)Fat (g)

−6.4 (−15.3 to 2.5)−22.0 (−31.4 to
−12.6)

−28.4 (−37.6 to
−19.3)

<.00183.8 (58.1)111.1 (70.6)78.7 (58.0)Carbohydrates (g)

−0.3 (−0.8 to 0.2)0.1 (−0.4 to 0.6)−0.2 (−0.7 to 0.3).554.0 (3.6)3.8 (3.7)3.6 (3.1)Dietary fiber (g)

−10.5 (−30.3 to
9.4)

12.7 (−7.1 to 32.5)2.3 (−12.8 to 17.3).47213.4
(387.0)

194.0 (222.4)190.2 (292.0)Vitamin A REb

(µg)

−0.03 (−0.06 to
0.01)

−0.03 (−0.07 to
0.01)

−0.06 (−0.10 to
−0.02)

.020.3 (0.3)0.4 (0.3)0.3 (0.4)Thiamine (mg)

−0.02 (−0.07 to
0.02)

−0.04 (−0.08 to
0.01)

−0.06 (−0.10 to
−0.02)

.030.5 (0.5)0.6 (0.7)0.4 (0.4)Riboflavin (mg)

−0.02 (−0.52 to
0.48)

−0.23 (−0.73 to
0.28)

−0.25 (−0.75 to
0.25)

.565.3 (4.2)5.5 (4.7)5.2 (4.2)Niacin (mg)

−0.03 (−0.09 to
0.04)

−0.02 (−0.08 to
0.04)

−0.05 (−0.11 to
0.02)

.360.5 (0.4)0.5 (0.7)0.5 (0.4)Vitamin B6 (mg)

−0.09 (−0.31 to
0.13)

0.14 (−0.07 to
0.35)

0.06 (−0.14 to
0.26)

.402.0 (2.2)1.7 (2.1)1.8 (2.2)Vitamin B12 (µg)

−0.06 (−1.77 to
1.65)

0.17 (−1.64 to
1.99)

0.11 (−1.51 to
1.73)

.9822.7 (30.4)20.9 (37.1)18.7 (24.0)Vitamin C (mg)

−6.5 (−25.0 to
12.0)

−15.4 (−34.2 to
3.4)

−21.8 (−40.2 to
−3.4)

.06154.2
(113.1)

175.4 (153.0)143.5 (108.2)DFEc (µg)

−10.1 (−26.8 to
6.6)

−13.6 (−32.7 to
5.5)

−23.7 (−41.9 to
−5.4)

.04230.9
(211.3)

273.6 (252.9)217.5 (254.6)Calcium (mg)

−8.6 (−43.8 to
26.5)

−20.5 (−55.9 to
14.8)

−29.2 (−63.8 to
5.5)

.24348.5
(258.3)

363.6 (254.9)340.9 (276.3)Phosphorus (mg)

31.3 (−63.0 to
125.7)

−100.0 (−189.8 to
−10.1)

−68.7 (−162.3 to
25.0)

.081356.1
(1441.9)

1251.2 (1082.8)1363.0
(1276.9)

Sodium (mg)

0.8 (−70.9 to 72.6)−44.4 (−116.3 to
27.5)

−43.6 (−114.7 to
27.5)

.37655.3
(517.2)

675.3 (515.0)657.1 (550.6)Potassium (mg)

−0.10 (−0.52 to
0.32)

−0.31 (−0.74 to
0.12)

−0.41 (−0.83 to
0.02)

.154.9 (4.3)5.0 (4.5)4.9 (4.7)Iron (mg)

−0.09 (−0.35 to
0.17)

0.05 (−0.21 to
0.30)

−0.05 (−0.30 to
0.20)

.772.7 (2.0)2.5 (1.8)2.5 (1.9)Zinc (mg)

aVISIDA: Voice-Image Solution for Individual Dietary Assessment.
bRE: vitamin A retinol equivalents.
cDFE: dietary folate equivalents.

Acceptability of the VISIDA Smartphone App for
Collecting Dietary Intake Data
The participating mothers completed the questionnaire on
acceptability of the VISIDA IVFR app at the end of the study,
with 108 responses captured (Figure 2). Overall, the participants
reported that the app as “easy to use” (68/108, 63%), followed
by “very easy to use” (23/108, 21.3%), “neutral” (9/108, 8.3%),
“difficult to use” (7/108, 6.5%), and “very difficult to use”

(1/108, 0.9%). Most participants “agreed,” followed by “strongly
agreed” for all statements. The mean score for all statements
was 4.1 (SD 0.14; out of 5), with the mean scores for individual
statements ranging from 3.9 (SD 0.7; out of 5) for “After eating,
it was easy to finalize the foods and drinks that were shared
during the meal (captured using Shared Plate before eating)”
and “The app prompts and reminders were helpful to complete
tasks like finalize eating occasion” to 4.4 (SD 0.6; out of 5) for
“The card (with the colored shapes) was easy to carry around.”
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All participants indicated that they would be willing to use the
app again, with 81.5% (88/108) of the participants reporting
that they would be willing to use the app for “1 month or more,”

followed by “1 week” (13/108, 12%), “1 day” and “2 days”
(3/108, 2.8%, each) and “3 days” (1/108, 0.9%).

Figure 2. Acceptability of the Voice-Image Solution for Individual Dietary Assessment (VISIDA) smartphone app for collecting dietary intake data
among the participating mothers (n=108).

Discussion

Principal Findings
We evaluated the relative validity, test-retest reliability, and
acceptability of the novel VISIDA system for individual dietary
assessment in mothers and children (aged ≤5 years) in rural,
semirural, and urban locations in Siem Reap province,
Cambodia. The findings demonstrated that most nutrient intakes
estimated by the VISIDA system (test method) were

significantly lower compared to intakes estimated using the
24-hour recalls (reference method) for the participating mothers
and their child. However, nutrient intakes estimated by the
VISIDA system in the 2 recording periods that used this method
were similar. The VISIDA IVFR app was consistently rated
highly for acceptability by the participating mothers.

Comparison to Previous Work
This study is the first to validate an image-based method to
assess dietary intakes of mothers and their children in Cambodia.
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To the best of our knowledge, only 2 studies have validated
dietary assessment methods in this context: a food frequency
questionnaire in school-aged children [45] and 2 proxy recall
approaches for the estimation of diet diversity in women of
reproductive age [46]. Horiuchi et al [45] reported that nutrient
intakes estimated using the food frequency questionnaire were
lower compared to 24-hour recalls. In contrast, Hanley-Cook
et al [46] found that both the list-based and open recall
approaches were similar in estimating the minimum diet
diversity. However, both proxy recall approaches showed lower
correlations compared to weighed food records [46]. Nutrient
intakes were higher when estimated by the 24-hour recall
method compared to the VISIDA image-based system. This
finding aligns with a recent meta-analysis of image-based dietary
assessment methods [11], which reported a tendency to report
lower-energy intakes using this method in comparison to
24-hour recalls (mean difference −91.6 kcal) and weighed food
records (mean difference −52.6 kcal).

In this study, greater differences in energy intakes were observed
between the 2 VISIDA record periods and 24-hour recalls
collection, with differences of approximately −300 kcal for
mothers and −150 kcal for children. The difference in energy
intake between the VISIDA and 24-hour recalls appears to be
driven by the difference in the estimates of carbohydrate intake,
which displayed the largest difference compared to the estimates
of protein and fat intakes. In their systematic review, Ho et al
[11] also found that the greatest difference between image-based
and traditional 24-hour and weighed food record methods was
for estimates of carbohydrate intake; however, this difference
was not statistically significant and was smaller compared to
our study.

While exploration of the sources of difference in the estimates
of nutrient intake between methods is beyond the scope of this
study, possible areas that may have influenced this finding can
be proposed. Key differences between the VISIDA and 24-hour
recall methods exist in the quantification of food consumed,
which may have contributed to this difference between the
methods. For the VISIDA method, the responsibility for
quantification lies with the trained analyst supported by various
tools, such as a reference image database, a measures database,
and a virtual ruler, within the VISIDA web application. In
comparison, for the 24-hour recall method, the participating
mothers were responsible for the estimation of portions of food
consumed by themselves and their child, recalling these with
the assistance of images of common foods and eating and
serving utensils. Portion size estimation in Asian cuisines can
be challenging due to the foods consumed predominantly being
amorphous, taking on the shape of the vessel in which they are
served, and foods commonly eaten in shared servings [47].
Adding to this challenge, amorphous and nonamorphous foods
are commonly consumed together in the same vessel [48]. Given
that rice is a staple of the Cambodian diet [18], it is possible
that the 2 approaches to quantifying rice portions consumed
may be responsible for the differences in carbohydrate intake
observed between the methods in our study.

Furthermore, in this study, the estimations of the amounts of
food participants consumed from a vessel shared by more than
one individual were quantified differently by each method. For

the 24-hour recall method, the mothers were asked to quantify
the amount consumed by themselves and their child for shared
servings of food. In comparison, the VISIDA method estimated
the quantity consumed from each shared food serving
automatically by taking the total quantity of the shared dish
consumed and dividing it by the number of people who ate the
shared dish. It is possible that this difference in estimating
individual portions consumed from shared dishes between
methods may explain some of the variation observed in the
estimations of nutrient intake. For cultures where eating from
communal servings is common, apportioning amounts consumed
by an individual remains a challenge [26,27]. Efforts to improve
estimates of individual portion size from shared foods in the
context of dietary assessment must be balanced with
consideration of the cumulative burden placed on participants,
which in turn may promote reactivity or changes to eating
behaviors that are not reflective of typical intake to facilitate
recording [49].

The repeat administration of the VISIDA method in this sample
of Khmer women and children showed small, mostly
nonstatistically significant differences in the estimates of nutrient
intake made in weeks 1 and 4. Reliability is an important
component to establish when evaluating a method’s validity,
with the data on both aspects to be considered when determining
the suitability of a dietary assessment method for use in a given
setting [21]. Therefore, while it is important to establish the
reliability of the VISIDA system, particularly in the context of
the first application of the system in measuring individual-level
dietary intakes, the reliability findings should be interpreted
alongside the relative validity results where differences were
present in the estimates of nutrient intakes made by the VISIDA
system compared to estimates derived from the 24-hour recalls.
Furthermore, it is important to highlight that the VISIDA system
should be tested in other LLMICs, including with different
population subgroups, and evaluated against objective measures
to provide additional insights into the performance of this novel
method.

One of the advantages of image-based food records over
traditional written or text-based food records is that the
participant burden associated with recording, such as weighing
foods, is often reduced when images are collected to capture
dietary intake data. The VISIDA system offers a novel
component through the inclusion of the voice recording
component, in addition to the collection of images. The aim of
including the voice component was to facilitate the collection
of additional intake data relatively quickly through speech and
to reduce reliance on the literacy skills needed for using
smartphone apps for text-based food record entry [50]. While
image-based and speech-based methods can reduce participant
burden associated with the collection of intake data, approaches
to the processing of this data to extract the identity and quantity
for each food to enable the estimation of nutrient intake are an
important consideration. In addition, manual image processing
can facilitate immediate application in research settings, while
approaches offering automation require further development
[51].

Despite substantial progress in the use of computer vision and
machine learning in the automatic processing of image-based
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food records, challenges (in particular for quantification) still
remain when used in free-living situations due to the variability
and complexity of the meals consumed and the environment in
which the images are collected [52]. While technologies to
support the automated identification and quantification of foods
contained in images continue to advance, there is still a need
for verification by a human of the automated machine generated
outputs of the analysis of food images used in dietary intake
assessment, with this verification likely to be required for the
foreseeable future [12]. Each dietary assessment method has
strengths and weaknesses [53], and the VISIDA system is no
different. In particular, the time and resource implications of
data processing are considerable, which would limit the
feasibility of using the current VISIDA system for large
population surveys at this time. Therefore, use of the current
VISIDA system may be more feasible for targeted data
collection projects where detailed information on recipes
prepared in the home is required or where intake data are
required for smaller groups of individuals.

While most image and voice intake data processing within the
VISIDA system was performed by trained analysts, some key
tasks were semiautomated. For example, the VISIDA system’s
voice recording was automatically transcribed and translated,
with key terms then matched to the food items contained in the
FCD and offered as suggestions to the analyst. Measuring the
impact of the automated processing of the voice recording
component of intake data was not part of this study. However,
enhancing understanding of the benefits and drawbacks that the
different levels of processing automation provide, in terms of
accuracy, efficiency, and resource use, in the context of
image-based and speech-based dietary intake assessments,
warrants further investigation.

Among the participating mothers, high acceptability was
reported for use of the VISIDA IVFR app to collect eating
occasions for themselves and their participating child, along
with recipe data for meals prepared at home. Evaluating
participant acceptability and usability is an important facet of
technology-assisted self-report dietary assessment methods used
for research or surveillance [8]. When usability and acceptability
have been assessed for image-based food records or intake data
captured via speech recordings as independent dietary
assessment methods, most participants consistently rate these
tools positively [12,16]. Previous dietary assessment studies in
Cambodia have used interview-assisted methods of data
collection, with the majority using “pen and paper” tools for
documentation [18]. Findings from this study provide useful
insights into the potential of using a self-administered tool to
collect intake data in Cambodia. In addition, these findings align
with similar findings from our earlier work relating to
image-based food records being viewed positively by
participants [24,30], including a more recent study in which the
VISIDA IVFR app was used by Tanzanian nutritionists [54].

Strengths and Limitations
This study has several strengths and limitations that should be
considered when interpreting the findings. First, the study
design, including the implementation of the test method
(VISIDA) before the reference method (24-hour recall), the
repeat administration of the VISIDA method, and the multiple
days of intake data for each method, is a strength. As a reference
method in studies evaluating image-based food records, 24-hour
recalls are commonly used [11]. However, as a self-report
method, it is not considered unbiased [21], and our findings
should be interpreted in this context. Second, the inclusion of
a test recording day to allow the research team to support
participants in using the VISIDA IVFR app for the first time
and collect intake data in their home, aimed to aid users and
optimize the quality of the data collected. Despite the detailed
training and addition of the test recording day to support
participating mothers in using the IVFR app, it is likely that not
all intake data were captured during data collection. A review
of dietary intake data was included following each day of the
data collection to optimize the completeness of the data
collected. Third, the COVID-19 pandemic at the start of 2020
resulted in the early cessation of data collection for 19
households (consisting of mother and child), which impacted
the final number of participants included in this analysis. While
it is unclear whether a larger sample would produce different
results, in the context of dietary assessment validation studies,
our study is one of the largest image-based food record
validation studies, with the sample size of previous studies
ranging from 10 to 75 participants [11]. We also recruited
participants from 3 different locations within Siem Reap
province, resulting in a more diverse sample. However,
participants in this study may not be representative of mothers
and children aged ≤5 years in other provinces throughout
Cambodia. Thus, inferences cannot be made about the potential
performance of the VISIDA system when used with individuals,
groups, and contexts beyond those examined in this study.
Fourth, it is possible that because the questionnaire on the
acceptability of the VISIDA IVFR app was administered by a
research assistant, this may have influenced the responses
received. However, given the setting, this was determined to
be the most suitable approach.

Conclusions
When evaluated in a sample of mothers and their children aged
≤5 years in rural, semirural, and urban locations in Siem Reap
province, Cambodia, the VISIDA system was found to produce
lower estimates of nutrient intakes when compared to the
24-hour recalls. However, on repeat administration of the
VISIDA system, estimated nutrient intakes were similar.
Participating mothers reported high acceptability for using the
VISIDA IVFR smartphone app to collect dietary intake data.

Acknowledgments
The research team acknowledges and thanks the participants who participated in this research. The authors also thank the This
Life Cambodia team, in particular Mr Se Chhin, Mr Manith Chhoeng, and Mr Billy Gorter, for their dedication to the project and
Dr Janelle Skinner for compiling the Cambodian food composition database. This research was funded by the Bill & Melinda

J Med Internet Res 2025 | vol. 27 | e65939 | p. 12https://www.jmir.org/2025/1/e65939
(page number not for citation purposes)

Rollo et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Gates Foundation (grant number OPP1171389). Under the grant conditions of the foundation, a Creative Commons Attribution
4.0 Generic License has already been assigned to the author accepted manuscript version that might arise from this submission.
All research work related to the project was carried out at the University of Newcastle. MER has now moved to Curtin University.
TLB is supported by a National Health and Medical Research Council (NHMRC) of Australia Fellowship (APP1173681). CEC
is supported by an NHMRC Fellowship (L3 APP2009340).

Data Availability
The datasets generated or analyzed during this study may be made available from the corresponding author upon reasonable
request.

Authors' Contributions
MER contributed to conceptualization and the original draft preparation. MER, MTPA, TLB, and CEC contributed to funding
acquisition. MER, MTPA, TLB, and CEC contributed to the methodology. CTD contributed to the software. MER, JLW, SJS,
MTPA, CTD, TLB, KD, and CEC contributed to the investigation. KC, JLW, and MER contributed to formal analysis. MER,
SJS, JLW, and KD contributed to project administration. MER, JLW, SJS, MTPA, CTD, TLB, KD, KC, and CEC contributed
to the review and editing of the manuscript.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Participant data collection sequence.
[PDF File (Adobe PDF File), 119 KB-Multimedia Appendix 1]

Multimedia Appendix 2
STROBE-nut (Strengthening the Reporting of Observational Studies in Epidemiology-Nutritional Epidemiology) checklist.
[PDF File (Adobe PDF File), 147 KB-Multimedia Appendix 2]

References

1. GBD 2017 Diet Collaborators. Health effects of dietary risks in 195 countries, 1990-2017: a systematic analysis for the
Global Burden of Disease Study 2017. Lancet. May 11, 2019;393(10184):1958-1972. [FREE Full text] [doi:
10.1016/S0140-6736(19)30041-8] [Medline: 30954305]

2. Popkin BM, Corvalan C, Grummer-Strawn LM. Dynamics of the double burden of malnutrition and the changing nutrition
reality. Lancet. Jan 04, 2020;395(10217):65-74. [FREE Full text] [doi: 10.1016/S0140-6736(19)32497-3] [Medline:
31852602]

3. Popkin BM, Adair LS, Ng SW. Global nutrition transition and the pandemic of obesity in developing countries. Nutr Rev.
Jan 2012;70(1):3-21. [FREE Full text] [doi: 10.1111/j.1753-4887.2011.00456.x] [Medline: 22221213]

4. Coates JC, Colaiezzi BA, Bell W, Charrondiere UR, Leclercq C. Overcoming dietary assessment challenges in low-income
countries: technological solutions proposed by the international dietary data expansion (INDDEX) project. Nutrients. Mar
16, 2017;9(3):289. [FREE Full text] [doi: 10.3390/nu9030289] [Medline: 28300759]

5. Micha R, Coates J, Leclercq C, Charrondiere UR, Mozaffarian D. Global dietary surveillance: data gaps and challenges.
Food Nutr Bull. Jun 2018;39(2):175-205. [FREE Full text] [doi: 10.1177/0379572117752986] [Medline: 29478333]

6. Del Gobbo LC, Khatibzadeh S, Imamura F, Micha R, Shi P, Smith M, et al. Assessing global dietary habits: a comparison
of national estimates from the FAO and the Global Dietary Database. Am J Clin Nutr. May 2015;101(5):1038-1046. [FREE
Full text] [doi: 10.3945/ajcn.114.087403] [Medline: 25788002]

7. de Quadros VP, Balcerzak A, Allemand P, de Sousa RF, Bevere T, Arsenault J, et al. Global trends in the availability of
dietary data in low and middle-income countries. Nutrients. Jul 21, 2022;14(14):2987. [FREE Full text] [doi:
10.3390/nu14142987] [Medline: 35889943]

8. Eldridge AL, Piernas C, Illner AK, Gibney MJ, Gurinović MA, de Vries JH, et al. Evaluation of new technology-based
tools for dietary intake assessment-an ILSI Europe dietary intake and exposure task force evaluation. Nutrients. Dec 28,
2018;11(1):55. [FREE Full text] [doi: 10.3390/nu11010055] [Medline: 30597864]

9. Bell W, Colaiezzi BA, Prata CS, Coates JC. Scaling up dietary data for decision-making in low-income countries: new
technological frontiers. Adv Nutr. Nov 2017;8(6):916-932. [FREE Full text] [doi: 10.3945/an.116.014308] [Medline:
29141974]

J Med Internet Res 2025 | vol. 27 | e65939 | p. 13https://www.jmir.org/2025/1/e65939
(page number not for citation purposes)

Rollo et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=jmir_v27i1e65939_app1.pdf&filename=c855c669bf1d6a7698238d1da150e63f.pdf
https://jmir.org/api/download?alt_name=jmir_v27i1e65939_app1.pdf&filename=c855c669bf1d6a7698238d1da150e63f.pdf
https://jmir.org/api/download?alt_name=jmir_v27i1e65939_app2.pdf&filename=f986bb13b4ed18fc175dd34bb20a4592.pdf
https://jmir.org/api/download?alt_name=jmir_v27i1e65939_app2.pdf&filename=f986bb13b4ed18fc175dd34bb20a4592.pdf
https://linkinghub.elsevier.com/retrieve/pii/S0140-6736(19)30041-8
http://dx.doi.org/10.1016/S0140-6736(19)30041-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30954305&dopt=Abstract
https://europepmc.org/abstract/MED/31852602
http://dx.doi.org/10.1016/S0140-6736(19)32497-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31852602&dopt=Abstract
https://europepmc.org/abstract/MED/22221213
http://dx.doi.org/10.1111/j.1753-4887.2011.00456.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22221213&dopt=Abstract
https://www.mdpi.com/resolver?pii=nu9030289
http://dx.doi.org/10.3390/nu9030289
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28300759&dopt=Abstract
https://journals.sagepub.com/doi/abs/10.1177/0379572117752986?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/0379572117752986
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29478333&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0002-9165(23)27388-8
https://linkinghub.elsevier.com/retrieve/pii/S0002-9165(23)27388-8
http://dx.doi.org/10.3945/ajcn.114.087403
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25788002&dopt=Abstract
https://www.mdpi.com/resolver?pii=nu14142987
http://dx.doi.org/10.3390/nu14142987
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35889943&dopt=Abstract
https://www.mdpi.com/resolver?pii=nu11010055
http://dx.doi.org/10.3390/nu11010055
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30597864&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2161-8313(22)00822-5
http://dx.doi.org/10.3945/an.116.014308
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29141974&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


10. Boushey CJ, Spoden M, Zhu FM, Delp EJ, Kerr DA. New mobile methods for dietary assessment: review of image-assisted
and image-based dietary assessment methods. Proc Nutr Soc. Aug 2017;76(3):283-294. [doi: 10.1017/S0029665116002913]
[Medline: 27938425]

11. Ho DK, Tseng SH, Wu MC, Shih CK, Atika AP, Chen YC, et al. Validity of image-based dietary assessment methods: a
systematic review and meta-analysis. Clin Nutr. Oct 2020;39(10):2945-2959. [doi: 10.1016/j.clnu.2020.08.002] [Medline:
32839035]

12. Höchsmann C, Martin CK. Review of the validity and feasibility of image-assisted methods for dietary assessment. Int J
Obes (Lond). Dec 2020;44(12):2358-2371. [FREE Full text] [doi: 10.1038/s41366-020-00693-2] [Medline: 33033394]

13. Bulungu AL, Palla L, Priebe J, Forsythe L, Katic P, Varley G, et al. Validation of a life-logging wearable camera method
and the 24-h diet recall method for assessing maternal and child dietary diversity. Br J Nutr. Jun 14, 2021;125(11):1299-1309.
[doi: 10.1017/S0007114520003530] [Medline: 32912365]

14. Cerminaro C, Sazonov E, McCrory MA, Steiner-Asiedu M, Bhaskar V, Gallo S, et al. Feasibility of the automatic ingestion
monitor (AIM-2) for infant feeding assessment: a pilot study among breast-feeding mothers from Ghana. Public Health
Nutr. May 26, 2022;25(10):2897-2907. [doi: 10.1017/s1368980022001264]

15. Lazarte CE, Encinas ME, Alegre C, Granfeldt Y. Validation of digital photographs, as a tool in 24-h recall, for the
improvement of dietary assessment among rural populations in developing countries. Nutr J. Aug 29, 2012;11:61. [FREE
Full text] [doi: 10.1186/1475-2891-11-61] [Medline: 22931128]

16. Dodd CT, Adam MT, Rollo ME. Speech recording for dietary assessment: a systematic literature review. IEEE Access.
2022;10:37658-37669. [doi: 10.1109/access.2022.3164419]

17. Windus JL, Burrows TL, Duncanson K, Collins CE, Rollo ME. Scoping review of nutrition intervention and dietary
assessment studies in Khmer populations living in Cambodia. J Hum Nutr Diet. Dec 16, 2021;34(6):953-968. [doi:
10.1111/jhn.12932] [Medline: 34231266]

18. Windus JL, Duncanson K, Burrows TL, Collins CE, Rollo ME. Review of dietary assessment studies conducted among
Khmer populations living in Cambodia. J Hum Nutr Diet. Oct 19, 2022;35(5):901-918. [FREE Full text] [doi:
10.1111/jhn.13011] [Medline: 35377499]

19. Gleason PM, Harris J, Sheean PM, Boushey CJ, Bruemmer B. Publishing nutrition research: validity, reliability, and
diagnostic test assessment in nutrition-related research. J Am Diet Assoc. Mar 2010;110(3):409-419. [doi:
10.1016/j.jada.2009.11.022] [Medline: 20184991]

20. Nelson M. The validation of dietary assessment. In: Margetts BM, Nelson M, editors. Design Concepts in Nutritional
Epidemiology Second Edition. New York, NY. Oxford University Press; 1997.

21. Kirkpatrick SI, Baranowski T, Subar AF, Tooze JA, Frongillo EA. Best practices for conducting and interpreting studies
to validate self-report dietary assessment methods. J Acad Nutr Diet. Nov 2019;119(11):1801-1816. [doi:
10.1016/j.jand.2019.06.010] [Medline: 31521583]

22. Freedman LS, Commins JM, Moler JE, Arab L, Baer DJ, Kipnis V, et al. Pooled results from 5 validation studies of dietary
self-report instruments using recovery biomarkers for energy and protein intake. Am J Epidemiol. Jul 15,
2014;180(2):172-188. [FREE Full text] [doi: 10.1093/aje/kwu116] [Medline: 24918187]

23. Freedman LS, Commins JM, Moler JE, Willett W, Tinker LF, Subar AF, et al. Pooled results from 5 validation studies of
dietary self-report instruments using recovery biomarkers for potassium and sodium intake. Am J Epidemiol. Apr 01,
2015;181(7):473-487. [FREE Full text] [doi: 10.1093/aje/kwu325] [Medline: 25787264]

24. Ashman AM, Collins CE, Brown LJ, Rae KM, Rollo ME. Validation of a smartphone image-based dietary assessment
method for pregnant women. Nutrients. Jan 18, 2017;9(1):73. [FREE Full text] [doi: 10.3390/nu9010073] [Medline:
28106758]

25. The VISIDA project. VISIDA. URL: https://www.visida.org/ [accessed 2025-07-07]
26. Amoutzopoulos B, Page P, Roberts C, Roe M, Cade J, Steer T, et al. Portion size estimation in dietary assessment: a

systematic review of existing tools, their strengths and limitations. Nutr Rev. Nov 01, 2020;78(11):885-900. [FREE Full
text] [doi: 10.1093/nutrit/nuz107] [Medline: 31999347]

27. Burrows T, Collins C, Adam M, Duncanson K, Rollo M. Dietary assessment of shared plate eating: a missing link. Nutrients.
Apr 05, 2019;11(4):789. [FREE Full text] [doi: 10.3390/nu11040789] [Medline: 30959779]

28. Ashman AM, Collins CE, Brown LJ, Rae KM, Rollo ME. A brief tool to assess image-based dietary records and guide
nutrition counselling among pregnant women: an evaluation. JMIR Mhealth Uhealth. Nov 04, 2016;4(4):e123. [FREE Full
text] [doi: 10.2196/mhealth.6469] [Medline: 27815234]

29. Rollo ME, Ash S, Lyons-Wall P, Russell A. Trial of a mobile phone method for recording dietary intake in adults with type
2 diabetes: evaluation and implications for future applications. J Telemed Telecare. 2011;17(6):318-323. [doi:
10.1258/jtt.2011.100906] [Medline: 21844173]

30. Rollo ME, Ash S, Lyons-Wall P, Russell AW. Evaluation of a mobile phone image-based dietary assessment method in
adults with type 2 diabetes. Nutrients. Jun 17, 2015;7(6):4897-4910. [FREE Full text] [doi: 10.3390/nu7064897] [Medline:
26091234]

31. Sanders EB, Stappers PJ. Probes, toolkits and prototypes: three approaches to making in codesigning. CoDesign. Mar 06,
2014;10(1):5-14. [doi: 10.1080/15710882.2014.888183]

J Med Internet Res 2025 | vol. 27 | e65939 | p. 14https://www.jmir.org/2025/1/e65939
(page number not for citation purposes)

Rollo et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1017/S0029665116002913
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27938425&dopt=Abstract
http://dx.doi.org/10.1016/j.clnu.2020.08.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32839035&dopt=Abstract
https://europepmc.org/abstract/MED/33033394
http://dx.doi.org/10.1038/s41366-020-00693-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33033394&dopt=Abstract
http://dx.doi.org/10.1017/S0007114520003530
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32912365&dopt=Abstract
http://dx.doi.org/10.1017/s1368980022001264
https://nutritionj.biomedcentral.com/articles/10.1186/1475-2891-11-61
https://nutritionj.biomedcentral.com/articles/10.1186/1475-2891-11-61
http://dx.doi.org/10.1186/1475-2891-11-61
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22931128&dopt=Abstract
http://dx.doi.org/10.1109/access.2022.3164419
http://dx.doi.org/10.1111/jhn.12932
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34231266&dopt=Abstract
https://europepmc.org/abstract/MED/35377499
http://dx.doi.org/10.1111/jhn.13011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35377499&dopt=Abstract
http://dx.doi.org/10.1016/j.jada.2009.11.022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20184991&dopt=Abstract
http://dx.doi.org/10.1016/j.jand.2019.06.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31521583&dopt=Abstract
https://europepmc.org/abstract/MED/24918187
http://dx.doi.org/10.1093/aje/kwu116
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24918187&dopt=Abstract
https://europepmc.org/abstract/MED/25787264
http://dx.doi.org/10.1093/aje/kwu325
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25787264&dopt=Abstract
https://www.mdpi.com/resolver?pii=nu9010073
http://dx.doi.org/10.3390/nu9010073
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28106758&dopt=Abstract
https://www.visida.org/
https://eprints.whiterose.ac.uk/157510/
https://eprints.whiterose.ac.uk/157510/
http://dx.doi.org/10.1093/nutrit/nuz107
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31999347&dopt=Abstract
https://www.mdpi.com/resolver?pii=nu11040789
http://dx.doi.org/10.3390/nu11040789
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30959779&dopt=Abstract
https://mhealth.jmir.org/2016/4/e123/
https://mhealth.jmir.org/2016/4/e123/
http://dx.doi.org/10.2196/mhealth.6469
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27815234&dopt=Abstract
http://dx.doi.org/10.1258/jtt.2011.100906
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21844173&dopt=Abstract
https://www.mdpi.com/resolver?pii=nu7064897
http://dx.doi.org/10.3390/nu7064897
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26091234&dopt=Abstract
http://dx.doi.org/10.1080/15710882.2014.888183
http://www.w3.org/Style/XSL
http://www.renderx.com/


32. Dodd CT, Adam MT, Stewart SJ, Windus JL, Rollo ME. Design of a semi-automated system for dietary assessment of
image-voice food records. IEEE Access. 2024;12:179823-179838. [doi: 10.1109/access.2024.3505199]

33. Cloud translation. Google Cloud. URL: https://cloud.google.com/translate [accessed 2024-08-23]
34. FAO/INFOODS e-learning course on food composition data. Food and Agriculture Organization of the United Nations.

URL: https://www.fao.org/infoods/infoods/training/en/ [accessed 2024-08-23]
35. Tung R, Kim R, Mathai M, Cheang K, Sobel H. Implementation of maternal death audits and changes in maternal health

care in Cambodia, 2010-2017. Western Pac Surveill Response J. Dec 31, 2024;15(4):1-9. [doi: 10.5365/wpsar.2024.15.4.1127]
[Medline: 39691867]

36. ASEAN food composition database. Institute of Nutrition, Mahidol University. Feb 2014. URL: https://inmu.mahidol.ac.th/
aseanfoods/doc/OnlineASEAN_FCD_V1_2014.pdf [accessed 2025-08-03]

37. Food Standards Australia New Zealand homepage. Food Standards Australia New Zealand. URL: https://www.
foodstandards.gov.au/ [accessed 2025-07-07]

38. AUSNUT 2011-13 food nutrient database. Food Standards Australia New Zealand. URL: https://tinyurl.com/4zxehy2y
[accessed 2025-07-07]

39. USDA national nutrient database for standard reference release 28. Office of Dietary Supplements National Institutes of
Health. URL: https://ods.od.nih.gov/pubs/usdandb/EPA-Content.pdf [accessed 2025-07-07]

40. Standard tables of food composition in Japan - 2015 (seventh revised version). Ministry of Education, Culture, Sports,
Science and Technology Japan. URL: https://www.mext.go.jp/en/policy/science_technology/policy/title01/detail01/1374030.
htm [accessed 2025-08-03]

41. Charrondiere UR. Software tools. International Network of Food Data Systems. 2009. URL: https://www.fao.org/infoods/
infoods/software-tools/en/ [accessed 2025-05-29]

42. Bland JM, Altman DG. Measuring agreement in method comparison studies. Stat Methods Med Res. Jun 1999;8(2):135-160.
[doi: 10.1177/096228029900800204] [Medline: 10501650]

43. Davidian M, Carroll RJ. Variance function estimation. J Am Stat Assoc. Dec 1987;82(400):1079. [doi: 10.2307/2289384]
44. Lachat C, Hawwash D, Ocké MC, Berg C, Forsum E, Hörnell A, et al. Strengthening the reporting of observational studies

in epidemiology-nutritional epidemiology (STROBE-nut): an extension of the STROBE statement. PLoS Med. Jun
2016;13(6):e1002036. [FREE Full text] [doi: 10.1371/journal.pmed.1002036] [Medline: 27270749]

45. Horiuchi Y, Kusama K, Sar K, Yoshiike N. Development and validation of a food frequency questionnaire (FFQ) for
assessing dietary macronutrients and calcium intake in Cambodian school-aged children. Nutr J. Feb 21, 2019;18(1):11.
[FREE Full text] [doi: 10.1186/s12937-019-0437-3] [Medline: 30791913]

46. Hanley-Cook GT, Tung JY, Sattamini IF, Marinda PA, Thong K, Zerfu D, et al. Minimum dietary diversity for women of
reproductive age (MDD-W) data collection: validity of the list-based and open recall methods as compared to weighed
food record. Nutrients. Jul 09, 2020;12(7):2039. [FREE Full text] [doi: 10.3390/nu12072039] [Medline: 32659995]

47. Almiron-Roig E, Aitken A, Galloway C, Ellahi B. Dietary assessment in minority ethnic groups: a systematic review of
instruments for portion-size estimation in the United Kingdom. Nutr Rev. Mar 01, 2017;75(3):188-213. [FREE Full text]
[doi: 10.1093/nutrit/nuw058] [Medline: 28340101]

48. Thoradeniya T, de Silva A, Arambepola C, Atukorala S, Lanerolle P. Portion size estimation aids for Asian foods. J Hum
Nutr Diet. Oct 2012;25(5):497-504. [doi: 10.1111/j.1365-277X.2012.01245.x] [Medline: 22500981]

49. Vuckovic N, Ritenbaugh C, Taren DL, Tobar M. A qualitative study of participants' experiences with dietary assessment.
J Am Diet Assoc. Sep 2000;100(9):1023-1028. [doi: 10.1016/S0002-8223(00)00301-1] [Medline: 11019349]

50. Zhang L, Misir A, Boshuizen H, Ocké M. A systematic review and meta-analysis of validation studies performed on dietary
record apps. Adv Nutr. Dec 01, 2021;12(6):2321-2332. [FREE Full text] [doi: 10.1093/advances/nmab058] [Medline:
34019624]

51. Das SK, Miki AJ, Blanchard CM, Sazonov E, Gilhooly CH, Dey S, et al. Perspective: opportunities and challenges of
technology tools in dietary and activity assessment: bridging stakeholder viewpoints. Adv Nutr. Feb 01, 2022;13(1):1-15.
[FREE Full text] [doi: 10.1093/advances/nmab103] [Medline: 34545392]

52. Wang W, Min W, Li T, Dong X, Li H, Jiang S. A review on vision-based analysis for automatic dietary assessment. Trends
Food Sci Technol. Apr 2022;122:223-237. [doi: 10.1016/j.tifs.2022.02.017]

53. Thompson FE, Subar AF. Dietary assessment methodology. In: Coulston AM, Ferruzzi MG, Boushey CJ, Delahanty LM,
editors. Nutrition in the Prevention and Treatment of Disease Fourth Edition. Cambridge, MA. Academic Press; 2017.

54. Saronga N, Mosha IH, Stewart SJ, Bakar S, Sunguya BF, Burrows TL, et al. A mixed-method study exploring experiences
and perceptions of nutritionists regarding use of an image-based dietary assessment system in Tanzania. Nutrients. Jan 18,
2022;14(3):417. [FREE Full text] [doi: 10.3390/nu14030417] [Medline: 35276775]

Abbreviations
FCD: food composition database
IVFR: image-voice food record
LLMIC: low- and lower-middle-income country

J Med Internet Res 2025 | vol. 27 | e65939 | p. 15https://www.jmir.org/2025/1/e65939
(page number not for citation purposes)

Rollo et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1109/access.2024.3505199
https://cloud.google.com/translate
https://www.fao.org/infoods/infoods/training/en/
http://dx.doi.org/10.5365/wpsar.2024.15.4.1127
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39691867&dopt=Abstract
https://inmu.mahidol.ac.th/aseanfoods/doc/OnlineASEAN_FCD_V1_2014.pdf
https://inmu.mahidol.ac.th/aseanfoods/doc/OnlineASEAN_FCD_V1_2014.pdf
https://www.foodstandards.gov.au/
https://www.foodstandards.gov.au/
https://www.foodstandards.gov.au/science-data/food-composition-databases/ausnut-2011-13/food-nutrient-database#:~:text=The%20AUSNUT%202011%2D13%20food,NATSINPAS)%20components%20of%20the%202011
https://ods.od.nih.gov/pubs/usdandb/EPA-Content.pdf
https://www.mext.go.jp/en/policy/science_technology/policy/title01/detail01/1374030.htm
https://www.mext.go.jp/en/policy/science_technology/policy/title01/detail01/1374030.htm
https://www.fao.org/infoods/infoods/software-tools/en/
https://www.fao.org/infoods/infoods/software-tools/en/
http://dx.doi.org/10.1177/096228029900800204
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10501650&dopt=Abstract
http://dx.doi.org/10.2307/2289384
https://boris.unibe.ch/id/eprint/91594
http://dx.doi.org/10.1371/journal.pmed.1002036
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27270749&dopt=Abstract
https://nutritionj.biomedcentral.com/articles/10.1186/s12937-019-0437-3
http://dx.doi.org/10.1186/s12937-019-0437-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30791913&dopt=Abstract
https://www.mdpi.com/resolver?pii=nu12072039
http://dx.doi.org/10.3390/nu12072039
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32659995&dopt=Abstract
https://europepmc.org/abstract/MED/28340101
http://dx.doi.org/10.1093/nutrit/nuw058
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28340101&dopt=Abstract
http://dx.doi.org/10.1111/j.1365-277X.2012.01245.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22500981&dopt=Abstract
http://dx.doi.org/10.1016/S0002-8223(00)00301-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11019349&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2161-8313(22)00509-9
http://dx.doi.org/10.1093/advances/nmab058
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34019624&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2161-8313(22)00524-5
http://dx.doi.org/10.1093/advances/nmab103
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34545392&dopt=Abstract
http://dx.doi.org/10.1016/j.tifs.2022.02.017
https://www.mdpi.com/resolver?pii=nu14030417
http://dx.doi.org/10.3390/nu14030417
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35276775&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


NGO: nongovernmental organization
VISIDA: Voice-Image Solution for Individual Dietary Assessment

Edited by N Cahill; submitted 30.08.24; peer-reviewed by TE Eyinla, L Aljerf; comments to author 02.12.24; revised version received
07.03.25; accepted 27.05.25; published 17.09.25

Please cite as:
Rollo ME, Windus JL, Stewart SJ, Dodd CT, Adam MTP, Duncanson K, Burrows TL, Colyvas K, Collins CE
An Image-Voice Dietary Assessment System for Estimating Individual Nutrient Intakes in Cambodian Women and Children: Relative
Validity, Reliability, and Acceptability Study
J Med Internet Res 2025;27:e65939
URL: https://www.jmir.org/2025/1/e65939
doi: 10.2196/65939
PMID:

©Megan E Rollo, Janelle L Windus, Samantha J Stewart, Connor T Dodd, Marc T P Adam, Kerith Duncanson, Tracy L Burrows,
Kim Colyvas, Clare E Collins. Originally published in the Journal of Medical Internet Research (https://www.jmir.org), 17.09.2025.
This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in the Journal of Medical Internet Research (ISSN 1438-8871), is properly cited. The
complete bibliographic information, a link to the original publication on https://www.jmir.org/, as well as this copyright and
license information must be included.

J Med Internet Res 2025 | vol. 27 | e65939 | p. 16https://www.jmir.org/2025/1/e65939
(page number not for citation purposes)

Rollo et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://www.jmir.org/2025/1/e65939
http://dx.doi.org/10.2196/65939
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

