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Popular scientific summary

 Reliable tools are needed to assess beverage and sugar intake among university students.

* This study evaluated the reproducibility and relative validity of a modified Beverage Intake
Questionnaire (ModBEVQ) among 122 Mahidol university students.

* The questionnaire performed well for estimating total beverage volume and total sugar intake at the
group level, although performance varied by beverage category.

* The ModBEVQ may support research and public-health monitoring among university students, but
it should not be used for individual dietary or clinical assessment.

Abstract

Background: Excessive consumption of sugar-sweetened beverages (SSB) is a modifiable risk factor of chronic
non-communicable diseases. Accurate and context-specific assessment tools are needed to capture emerging
beverage types and to estimate beverage-related sugar intake among university students.

Objective: This study aimed to evaluate the reproducibility and relative validity of a modified Beverage Intake
Questionnaire (ModBEVQ) for assessing beverage types, consumption frequency, volume, and total sugar
intake of sweetened beverage consumption among Mahidol university students.

Design: A validation study was conducted among 122 students at Mahidol University, Thailand. Reproducibility
was assessed by comparing two administrations of the ModBEVQ conducted 1 month apart. Relative valid-
ity was assessed by comparing the second BEVQ with a 4-day beverage record (4dBR). Statistical analyses
included Spearman’s rank correlation coefficient (r) and Intraclass Correlation Coefficients (ICC), and Bland-
Altman analysis.

Results: Reproducibility coefficients of the ModBEVQ ranged from 0.27 to 0.84 for beverage volume and from
0.20 to 0.82 for total sugar intake. Relative validity coefficients ranged from 0.16 to 0.65 for beverage volume
and from 0.20 to 0.58 for total sugar intake, indicating variable performance across beverage outcome. Bland—
Altman analysis demonstrated a small mean bias between the ModBEVQ and the 4dBR. The wide 95% limits
of agreement indicated considerable disagreement between the methods at the individual level.

Conclusion: The ModBEVQ demonstrates variable reproducibility and weak-to-moderate relative validity
overall, with stronger performance for some beverage outcomes. It may be useful for estimating average bev-
erage volume and sugar intake at the group-level and may have potential applications in epidemiological
surveillance and public health monitoring in Thailand, particularly among university students and similar
young-adult populations. However, it should not be used to estimate individual beverage intake.
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he modern food environment, including the con-
I sumption of sugar-sweetened beverages (SSB), is
associated with increased prevalence of adverse
health outcomes (1, 2). SSB and artificially sweetened
beverages (ASBs) significantly contribute to obesity (3, 4)
and cardiovascular health issues (5, 6). SSB, such as soft
drinks, flavored juices, and energy drinks, contain added
sugars, while ASBs, like diet sodas, use low-calorie sweet-
eners such as aspartame and sucralose. The American
Heart Association recommends that men consume
no more than 9 teaspoons of added sugar per day and
women no more than 6 teaspoons (7). Similarly, the World
Health Organization (WHO) advises limiting free sugar
intake to less than 10% of total energy, with further bene-
fits observed at levels below 5% or 25 grams (6 teaspoons)
per day (8).

Thailand has the highest prevalence of obesity in Asia
(9). National reports indicate that Thai people consume
approximately 20 teaspoons of sugar per day, exceed-
ing the recommended intake (10) and above the WHO-
recommended limit for free sugar consumption (11).
Although sugar consumption in Thailand declined in 2020
following sugar taxation policies and the COVID-19 pan-
demic, beverage consumption patterns continue to evolve
as the market expands. Manufacturers have introduced
a wider variety of beverages, including sugar-free drinks
and products carrying the Healthier Choice Logo, high-
lighting the need for updated beverage assessment tools
(12). University students were selected as the study pop-
ulation because previous research has shown that young
adults are among the highest consumers of SSB. Among
Association of Southeast Asian Nations (ASEAN) uni-
versity students, 82% reported daily SSB consumption
(13). Studies in Thailand, including one at Khon Kaen
University, found that students commonly consumed tea,
coffee, and soft drinks 1-3 times per week (14). Another
study revealed that Thai dentistry students consumed
an average of 42.03 grams of sugar daily from SSB
(15). Interestingly, despite knowledge of SSB-associated
risks, students at Valaya Alongkorn Rajabhat University
continued to consume high-sugar beverages (16). This
emphasizes that universities are the main gates to monitor
the beverage consumption among young adults.

Traditional methods for assessing intake, such as 24-h
recalls and records, are resource-intensive (17, 18). To
overcome this challenge, concise beverage frequency ques-
tionnaires (BFQ) (19, 20) like BEVQ-15 (21), have been
developed to monitor changes in beverage consumption.
However, existing BFQs often lack detailed sugar content
data or fail to account for emerging beverage categories.
The study utilized a modified BEVQ to assess intake of
beverages including water. The 4-day Beverage Record
(4dBR) provides detailed contemporaneous data against
which to assess the relative validity and reliability of the
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ModBEVQ. In addition, assessing the reproducibility of
the tool establishes its consistency for future research and
public health initiatives.

This study aims to evaluate the relative validity and
reproducibility of the modified BEVQ-15 questionnaire
in assessing sweetened beverage types, frequency, and
quantity among Mahidol University students.

Materials and methods

Study designs

A cross-sectional validation study was conducted from
February to April 2024 at Mahidol University’s Salaya
campus in Bangkok, Thailand. Participants were recruited
during the academic year. Self-administered surveys and
records were collected online via bilingual Google Forms
(Thai and English).

Sample size

Validation studies for dietary assessment generally recom-
mend a sample size of at least 100 participants (22-24).
To ensure adequate statistical power, the sample size
was calculated based on detecting a difference between a
predicted correlation of r, = 0.6 and a true correlation
of r, = 0.4. Using Fisher’s Z-transformation, the differ-
ence (d) in the standard normal deviates was determined
to be 0.269. With a 95% confidence level (Z = 1.96), and
80% power (Z; = 0.84), the required sample size (1) was

(z +ZB)2

calculated (25), n= 3 +3=110.
d

This yielded a base sample size of 110 participants.
Accounting for a 30% anticipated dropout rate, the
required sample size for this research was 158 participants
(N =n/(1-d)).

Recruitment

Recruitment was conducted via a convenience sam-
pling approach using social media. Eligible Mahidol
University students (> 18 years old) enrolled in an
on-campus program, and excluding those with condi-
tions that could alter habitual intake. A total of 162 par-
ticipants were initially recruited. Of these, 122 (75.3%)
completed all requirements. To assess potential selection
bias, baseline characteristics were compared between
completers and non-completers, revealing no significant
differences.

Tools

The study utilized a modified version of the BEVQ-15
(21) to better reflect the consumption habits of the Thai
student population (26). Modifications (Supplementary
Table 1) included expanding beverage categories that are
popular among young Thai adults but are not included
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in the standard BEVQ-15, such as fresh-made smooth-
ies and new alternative drinks (functional beverages).
Furthermore, the tool was refined to clearly distinguish
between artificially sweetened, unsweetened, and full-
sugar beverages. To improve reporting accuracy, the
modified questionnaire incorporated visual reference
aids of common Thai portion sizes and was provided in
a bilingual format.

For data analysis, beverages were categorized into
ASBs, SSB, and sugary drinks based on their sugar
source and sweetening agents. ASBs included diet or
ASBs. SSB included beverages containing added sugars
only, such as non-100% fruit juices, regular soft drinks,
energy/sports drinks, sweetened teas and coffees, milk-
based tea and coffee mixes, and new alternative drinks.
Sugary drinks represented a broader category that
included all beverages containing free sugars, including
both beverages with added sugars and those containing
naturally occurring free sugars. Consequently, sugary
drinks encompassed SSB together with flavored milks,
drinking yogurt, fresh-made smoothies, 100% fruit
and vegetable juices, and plant-based milk alternatives,
while excluding ASBs, unsweetened beverages, alcoholic
beverages, and water.

The 4dBR was a prospective beverage recording tool
used to capture beverage intake over a 4-week period.
Participants completed one beverage record on one
assigned day per week and were instructed to record bev-
erage at the time of consumption or as soon as possible
afterward. To represent variations in beverage consump-
tion patterns, participants recorded intake on 3 weekdays
and 1 weekend day across the data collection period. The
4dBR was designed to capture all beverages consumed,
including water, and participants recorded beverage types,
consumed volumes, preparation methods, added ingredi-
ents and other relevant details according to the catego-
ries provided in Supplementary Table 2. Participants were
also instructed to provide real-time photos of beverages
consumed to improve the accuracy of reporting.

Pilot testing conducted in December 2023 with 30
participants confirmed the feasibility and clarity of the
tools, resulting in minor revisions. The final ModBEVQ
included 15 beverage types and was designed as a 20-min
online questionnaire, while the 4dBR required 10-15 min
per daily entry. The links to the questionnaire and record
form were provided to participants every week accord-
ingly with a reminder.

Data collection

Participants completed a 4dBR once per week over a
4-week period, resulting in four recording days in total (3
weekdays and 1 weekend day), while the ModBEVQ survey
was administered twice: during the first (1 ModBEVQ)
and final weeks (2" ModBEVQ). An example of the

Citation: Food & Nutrition Research 2026, 70: 14204 - http://dx.doi.org/10.29219/fnrv70.14204

Sweetened beverage consumption among Mahidol University students

record and survey timing was attached together in the
Participant Information Sheet (PIS). Data collection was
conducted online to ensure anonymity and enhance par-
ticipant convenience.

Data calculation

For the ModBEVQ, beverage frequency and volume
data were analyzed by assigning numerical values to
frequency responses, such as 0 for ‘never’, 0.067/day for
‘1-3 times per month’, 0.143/day for ‘1 time per week’,
up to 3/day for ‘3 times per day’, and the reported fre-
quency for those consuming more than three times per
day. Then, we calculated daily intake (mL/day) by using
the formulas:

Daily volume intake (dv) mL/day = Frequency/day X
Amount/frequency,

Daily sugar intake (ds) g/ day = dv (mL/day) X Sugar
content per volume (g/ mL).

Median sugar content values for individual beverage
categories were derived from previous studies on bev-
erage sugar content and the impact of Thailand’s SSB
tax (26, 27). To account for variations in beverage for-
mulations following the implementation of Thailand’s
SSB tax, selected beverage categories were adjusted
using a mean-to-median conversion ratio (1.52:1)
based on data from these studies (Supplementary
Table 3). The 4dBR data were weighted using a 5:2
ratio of weekdays to weekends to estimate average
weekly beverage intake.

Statistical analysis

Survey data were analyzed using SPSS version 29 (IBM
Corp., Armonk, NY, USA). Descriptive statistics included
frequencies and percentages for categorical variables,
medians with interquartile ranges (IQR) for non-normally
distributed numerical data (Shapiro-Wilk P < 0.05) and
means with standard deviations (SD) for additional rep-
resentation of central tendency and dispersion. Statistical
significance was set at P < 0.05.

Spearman’s rank correlation coefficients were used to
evaluate the relative validity and reproducibility of the
ModBEVQ. The strength of the correlation coefficients
was interpreted using thresholds: r-values < 0.30 (poor),
0.30-0.49 (moderate), 0.50-0.70 (good), and >0.70
(strong) (24).

Test-retest reliability was assessed using an Intraclass
Correlation Coefficient (ICC) based on a two-way
mixed-effects, absolute agreement, single measurement
model, with 95% confidence intervals. This model was
selected because the purpose was to evaluate the agree-
ment between two administrations of the ModBEVQ
and the reliability of a single administration of the
ModBEVQ. The average-measure ICC was reported for
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completeness and comparison with previous validation
studies. ICC values were interpreted < 0.50 (poor), 0.50
< ICC < 0.75 (moderate), 0.75 < ICC < 0.90 (good), and
> 0.90 (excellent) (28, 29).

Bland—-Altman analysis was used to evaluate agreement
between the 4dBR and BEVQ2 for volume and sugar
intake by calculating the mean bias and 95% limits of
agreement (LoA). The acceptability of these limits was
determined by comparing the LoA width to a practical
threshold, evaluating whether the variation would signifi-
cantly impact public health intake classifications.

Results

Relative validity and reproducibility were evaluated for
total beverage intake as well as the predefined beverage
subgroups (SSB and sugary drinks).

Study participants

The final analysis (Table 1) included 122 participants aged
18-34 years, of whom 19.7% were male and 80.3% were
female. The mean body mass index (BMI) was 22.38 +
4.86 kg/m? Most participants were undergraduate stu-
dents (87.7%) and 91.8% were Thai students. Seven par-
ticipants (5.7%) reported prediabetes or obesity, and six
(4.9%) following dietary restrictions. These participants
were included in the analysis as their conditions were not
considered to significantly interfere with the habitual bev-
erage consumption patterns.

Beverage consumption and sugar intake

Supplementary Table 4 summarizes daily beverage vol-
ume (mL/day), and sugar intake (g/day) assessed via
the 1% administration of ModBEVQ, 2" administra-
tion of ModBEVQ, and 4dBR. Water had the highest
median intake across all methods. Median sugar intake
from SSB ranged from 11.68 g/day using the second
ModBEVQ to 18.29 g/day using the 4dBR. Total bever-
age-related sugar intake was generally similar across the
three assessments.

Reproducibility and validity of ModBEVQ

Table 2 presents mean beverage volume and sugar intake
estimates, along with Spearman’s correlations for repro-
ducibility, assessed by comparing the first and second
ModBEVQ with the 4dBR.

Total beverage volume showed strong reproducibility
(r,=0.74) and good relative validity (r, = 0.56), while total
beverage sugar intake also demonstrated strong repro-
ducibility (r, = 0.72) and good relative validity (r, = 0.61).
Among individual beverage categories, water and soft
drinks showed the strongest reproducibility correlation
for volume intake (r, = 0.84 and r_ = 0.82, respectively).
SSB volume and sugar intake exhibited strong reproduc-
ibility (r, = 0.74 and 0.76, respectively) and good relative
validity (r, = 0.63 and 0.64, respectively). Soft drinks vol-
ume and sugar intake had strong reproducibility (r, = 0.82
for both) and good relative validity (v, = 0.62 for both).

Table 1. Demographic and anthropometric characteristics of participants (n = 122)

Characteristics Category/ Range (Minimum—Maximum) Value
Age (years)' 18-34 20.70 + 2.87
Gender? Male 24 (19.7)
Female 98 (80.3)
Height (cm)' 146—-180 162.04 + 6.76
Weight (kg)' 37.1-115.0 59.17 £ 15.49
BMI (kg/m?)' 15.82-39.33 22.38 + 4.86
BMI category according to Asia-Pacific classification? Underweight (< 18.5) 29 (23.8)
Normal (18.5-22.9) 51 (41.8)
Overweight (23.0-24.9) 13 (10.7)
Obese | (25.0-29.9) 17 (13.9)
Obese Il (= 30.0) 12 (9.8)
Education? Post-graduate 15 (12.3)
Under-graduate 107 (87.7)
Nationality? Thai students 112 (91.8)
Non-Thai students 10 (8.2)
Dietary restriction? Yes 6 (4.9)
No 116 (95.1)
Underlying chronic condition? Yes 7(5.7)
No 115 (94.3)

'Values are expressed as Mean + Standard Deviation (SD).

2Values are expressed as frequencies (n, %).
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However, fruit juice, energy/sport drinks, and alternative
drinks showed weak relative validity correlations.

Test-retest reliability (ICC)

Table 3 shows ICC values assessing test-retest reliabil-
ity between 1% ModBEVQ and 2" ModBEVQ. Both
single- and average-measure ICCs were calculated. The
single-measure ICCs were used as the primary estimates
of reproducibility while average-measure ICCs were pre-
sented for comparison.

For beverage volume intake, water demonstrated the
highest reliability (ICC = 0.85), followed by milk tea/cof-
fee mixes (ICC = 0.74). Total beverage volume (ICC =
0.74), SSB volume (ICC = 0.58), and sugary drinks vol-
ume (ICC = 0.59) showed moderate to good reliability.
In contrast, fruit juices (ICC = 0.07) and energy/sports
drinks (ICC = 0.04) indicated poor reliability.

For sugar intake, milk tea/coffee mixes and soft drinks
had good reliability (ICC = 0.74 and 0.71, respectively).
Total beverage sugar intake also showed moderate reli-
ability (ICC = 0.61), while flavored milk, drinking yogurt,
and plant milk had poor reliability. Energy/sports drinks
and fruit juices had low ICCs, reflecting poor test-retest
consistency.

Bland—Altman analysis

Supplementary Table 5 details the mean differences and
LoA, calculated as Upper/Lower Limit = Mean * 1.96
SD, reflecting the agreement between the ModBEVQ and
the 4dBR.

The Bland-Altman plots (Fig. 1) demonstrated a rel-
atively small negative mean difference (bias) between the
second administration of the ModBEVQ and the 4dBR.
The mean bias for total beverage volume was —8.25 mL/
day, with 95% LoA ranging from —1151.56 to 1135.06
mL/day. The corresponding mean biases were —1.09 g/day
(95% LoA: —47.91 to 45.73 g/day) for total beverage sugar
intake, —61.84 mL/day (95% LoA: —658.13 to 534.45 mL/
day) for SSB volume, —2.51 g/day (95% LoA: —39.51 to
34.49 g/day) for SSB sugar intake, —48.31 mL/day (95%
LoA: —702.93 to 606.31 mL/day) for sugary-drinks vol-
ume, and —0.84 g/day (95% LoA: —47.18 to 45.49 g/day)
for sugary-drinks sugar intake. Overall, the ModBEVQ
slightly underestimated beverage volume and sugar intake
compared with the 4dBR. However, the 95% LoA were
relatively wide, particularly for beverage volume estimates,
indicating greater variability between the two methods
at the individual level. The variability of the difference
appeared to increase with increasing intake, suggesting

Table 3. Test-retest reliability of the ModBEVQ assessed using showing intraclass correlation coefficients (ICC) for daily volume and sugar

intake

Beverage categories

Daily volume intake (mL/day)

Daily sugar intake (g/day)

Single measure
ICC (95% Cl)

Average measure
ICC (95% Cl)

Single measure
ICC (95% Cl)

Average measure
ICC (95% Cl)

Non-100% fruit juice
Smoothies

100% fruit juice
Flavored milk
Drinking yogurt
Plant milk

Soft drink
Energy/sport drinks
ASB/diet drinks
Unsweetened drinks
Sweet tea/coffee

Milk tea/coffee mix

New alternative drinks

Alcoholic drinks
Water

Total (All beverages)
ASB

SSB (All sugar-sweetened beverages)

Sugary drinks

0.06 (~0.12 to 0.23)
0.66 (0.54 to 0.75)
0.07 (~0.11 to 0.24)
0.44 (0.29 to 0.57)
0.48 (0.33 t0 0.61)
0.62 (0.50 t0 0.72)
0.72 (0.60 to 0.78)
0.04 (~0.14 to 0.22)
0.32 (0.15 to 0.47)
031 (0.14 to 0.46)
0.29 (0.12 to 0.45)
0.74 (0.65 t0 0.81)
0.50 (0.35 to 0.62)
0.29 (0.12 to 0.45)
0.85 (0.79 to 0.89)
0.74 (0.65 t0 0.81)
0.32 (0.15 to 0.47)
0.58 (0.45 to 0.69)
0.59 (0.46 to 0.70)

0.11 (-0.27 t0 0.38)
0.79 (0.70 to 0.86)
0.13 (=0.25 to 0.39)
0.61 (0.4 to 0.73)
0.65 (0.50 to 0.76)
0.77 (0.66 to 0.84)
0.83 (0.75 to 0.88)
0.08 (-0.31 to 0.36)
0.48 (0.26 to 0.64)
0.47 (0.25 to 0.63)
0.45 (0.21 to 0.62)
0.85 (0.79 to 0.90)
0.67 (0.52 t0 0.77)
045 (0.22 to 0.62)
0.92 (0.88 to 0.94)
0.85 (0.79 to 0.90)
0.26 to 0.64
0.73 (0.62 to 0.81)
0.74 (0.63 to 0.82)

0.06 (~0.12 to 0.23)
0.66 (0.54 to 0.75)
0.07 (~0.11 to 0.24)
0.44 (0.28 to 0.57)
0.48 (0.33 to 0.61)
0.62 (0.50 to 0.72)
0.71 (0.60 to 0.78)
0.04 (~0.14 t0 0.22)

0.29 (0.12 to 0.45)
0.74 (0.65 to 0.81)
0.50 (0.35 to 0.62)

0.6 (0.48 t0 0.71)
0.58 (0.45 to 0.69)
0.6 (048 t0 0.71)

0.11 (-0.27 t0 0.38)
0.79 (0.70 to 0.86)
0.13 (~0.25 t0 0.39)
0.6 (0.44 to 0.73)
0.65 (0.50 to 0.76)
0.77 (0.66 to 0.84)
0.83 (0.75 to 0.88)
0.08 (-0.31 to 0.36)

0.45 (0.21 to 0.62)
0.85 (0.79 to 0.90)
0.66 (0.52 to 0.77)

0.76 (0.65 to 0.83)

0.74 (0.62 t0 0.81)
0.76 (0.65 to 0.83)

ICCs were estimated using a two-way mixed-effects, absolute-agreement, single-measurement and are reported with 95% confidence intervals.

Intraclass correlation coefficients (ICC) indicating reliability; ICC < 0.50, poor, 0.50 < ICC < 0.75, moderate; 0.75 < ICC < 0.90, good; and ICC > 0.90,

excellent.
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Fig. 1. Bland-Altman Plots comparing the second administration of the modified Beverage Intake Questionnaire (2nd
ModBEVQ) with the 4-Day Beverage Records (4dBR). Panels show (a) total beverage volume, (b) total beverage sugar intake,
(c) sugar-sweetened beverage volume, (d) sugar-sweetened beverage sugar intake, (e) sugary-drink volume, (f) sugary-drink sugar
intake. Each point represents one participant (n = 122). The x-axis represents the mean of the two methods, and the y-axis rep-
resents the difference between two methods (2 ModBEVQ —4dBR). The solid line indicates the mean difference (bias), and the
dashed lines indicate the 95% limits of agreement (mean difference £ 1.96 SD).

poorer agreement between the two methods among par-
ticipants with higher beverage consumption. A small pro-
portion of observations fell outside the 95% LoA (4.1 to
7.4% across outcomes), with detailed confidence intervals
for the mean bias, LoA, and numbers of observations out-
side the LoA presented in Supplementary Table 6.

Discussion

This study evaluated the reproducibility and relative
validity of the ModBEVQ among university students
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in Thailand. The questionnaire demonstrated strong
reproducibility, but moderate relative validity for total
beverage volume and total beverage-related sugar intake,
although its performance varied across individual bev-
erage categories. Frequently consumed beverages, par-
ticularly water, soft drinks, and milk tea/coffee mixes,
generally showed stronger reproducibility, test-retest
reliability, and relative validity than beverages consumed
less regularly, consistent with previous BEVQ validation
studies (19-21).
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The poorer performance observed for non-100% fruit
juice, energy/sport drinks, and some emerging bever-
age categories may partly reflect their infrequent or epi-
sodic consumption. Intake of these beverages may vary
considerably between assessment periods, making usual
consumption more difficult to estimate using either a
questionnaire or a short-term beverage record. Such vari-
ability may contribute to the lower reproducibility and
relative validity observed for these beverage categories.

The Bland—Altman analysis showed small mean biases
for most outcomes, suggesting limited systematic differ-
ences between the ModBEVQ and the 4dBR at the group
level. However, the ModBEVQ systematically underes-
timated SSB volume, as the 95% confidence interval for
the mean bias did not include zero. One possible expla-
nation is misclassification of beverage when completing
the ModBEVQ, particularly when participants had diffi-
culty distinguishing sweetened from unsweetened variants
or assigning beverages to the appropriate SSB category.
Differences in recall period, portion-size estimation, and
day-to-day variation in SSB consumption may also have
contributed to this discrepancy. Because these potential
sources of error were not directly evaluated, these expla-
natior.., should be interpreted cautiously. In addition, the
relatively wide LoA across outcomes indicated consider-
able disagreement between the methods at the individual
level. Therefore, although the ModBEVQ may provide
reasonable estimates of average beverage volume and
sugar intake for groups, it lacks sufficient precision for
individual dietary or clinical assessment. The dispersion
of the differences appeared to increase at higher intake
levels, suggesting that agreement may be poorer among
participants with greater beverage consumption. Because
proportional bias was not formally tested, this pattern
should be interpreted cautiously. Some disagreement may
also reflect limitations of the 4dBR, including day-to-day
variation in beverage consumption and the possibility that
the recording period did not fully present habitual intake,
particularly for beverage categories consumed irregularly.

The Mod BEVQ was adapted to reflect beverage types,
serving sizes, and consumption patterns relevant to Thai
university students. Administration through an online
survey platform may facilitate data collection and reduce
administrative burden in large studies. This approach is
consistent with previous research suggesting that dietary
assessment instruments adapted to the foods, beverages,
language, and serving sizes of a specific population may
provide more relevant intake estimates than unmodified
instruments (19).

Unlike some previous beverage questionnaires that
focused mainly on beverage volume or energy intake, this
study assessed both beverage volume and total bever-
age-related sugar intake. Total sugar includes both sugars
naturally present in certain beverages and added sugars;
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therefore, it provides an estimate of overall sugar expo-
sure from beverages but cannot distinguish between natu-
rally occurring and added sugars.

This study used a prospective 4dBR, with participants
completing one recording day per week over four con-
secutive weeks (3 weekdays and 1 weekend day). This
design was intended to capture both weekday—weekend
variation and some week-to-week variation in beverage
intake. In contrast, the FG-FFQ study among Chinese
middle-school students used four non-consecutive 24-h
dietary records collected over 3 months as its reference
method (30). The FG-FFQ study estimated added sugars
from SSB and applied calibration equations to improve
correspondence with the dietary records, whereas this
study estimated total beverage sugar intake and used con-
ventional reproducibility and agreement analyses. Future
research could examine whether calibration equations
improve the estimates obtained from the ModBEVQ.

Similarly, the Canadian validation study (18) using a
7-day food record also reported better performance for
frequently consumed beverages than for beverages con-
sumed sporadically. Differences between studies may
reflect variations in beverage culture, questionnaire
design, reference methods, recording periods, and partici-
pant characteristics.

This study has several strengths. The ModBEVQ
was adapted to locally relevant beverage categories and
assessed both beverage volume and beverage-related total
sugar intake. Reproducibility, test-retest reliability and
relative validity were evaluated using complementary sta-
tistical approaches, including Spearman’s rank correla-
tions, ICCs, and Bland-Altman analysis. Furthermore,
the prospective 4dBR included both weekday and week-
end intake, and category-specific analyses identified bev-
erage groups requiring further refinement.

Several limitations should also be acknowledged.
Firstly, although the final sample exceeded the minimum
required sample size, the 24.7% attrition rate may have
introduced selection bias. Because the characteristics of
participants who completed and did not complete the
study were not compared, the effect of attrition could
not be determined. Secondly, the sample was predomi-
nantly female and was recruited from one university, lim-
iting generalizability to male students, students in other
institutions, and other young adult populations. Thirdly,
data collection coincided with Thailand’s hot season, and
university midterm examination period. These factors
may have influenced beverage consumption pattern and
therefore may limit the generalizability of the findings to
other seasons and academic periods. Fourthly, both the
ModBEVQ and the 4dBR relied on self-reported and were
therefore susceptible to recall bias, portion-size estima-
tion errors, and changes in consumption behavior during
recording intake. The 4dBR is not an error-free reference
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method and may not adequately represent habitual intake
of episodically consumed beverages, including fruit juices,
energy drinks, and alcoholic beverages. Special occasions,
social events, and other atypical consumption days were
also not excluded from the records. Finally, the wide
Bland-Altman LoA indicate that individual beverage
intake cannot be estimated with sufficient precision using
the ModBEVQ.

The findings of this study have several implications for
both epidemiological research and public-health prac-
tice. The ModBEVQ may be useful for estimating average
beverage volume and beverage-related sugar intake at the
group level among university students and similar young-
adult populations. It may therefore have potential appli-
cations in epidemiological surveillance, campus-based
health-promotion programs, and evaluation of interven-
tions intended to reduce SSB consumption.

However, the questionnaire should not be used for
precise individual dietary assessment or clinical deci-
sion-making. The poorer performance observed for infre-
quently consumed beverages identifies specific categories
requiring further refinement. Improvements could include
clearer beverage examples, updated portion-size images,
more detailed prompts for emerging beverages, and
shorter recall periods for episodically consumed products.

Before broader implementation in Thailand, the
ModBEVQ should be validated in larger and more diverse
populations, including participants from different institu-
tions, geographic regions, age groups, ethnic backgrounds,
and seasons. Future studies should also consider addi-
tional recording days, real-time image-assisted recording,
and statistical calibration methods to improve estimates
for beverages consumed infrequently or irregularly.

Conclusion

The ModBEVQ demonstrated good relative validity and
strong reproducibility for estimating total beverage vol-
ume and total beverage-related sugar intake, although
performance varied across individual beverage categories.
Small mean biases support its potential use for estimating
average intake at the group level, whereas the wide LoA
indicate insufficient precision for individual dietary or
clinical assessment. The ModBEVQ may have potential
applications in epidemiological surveillance and pub-
lic-health monitoring in Thailand, particularly among
university students and similar young-adult populations.
Further refinement is needed for infrequently consumed
beverages, such as fruit juices and energy drinks, and
additional validation should be conducted in more diverse
populations and across different seasons.

Acknowledgments
The authors would like to thank faculty members and

colleagues at the Institute of Nutrition (INMU) for their

Citation: Food & Nutrition Research 2026, 70: 14204 - http://dx.doi.org/10.29219/fnrv70.14204

Sweetened beverage consumption among Mahidol University students

support with participant recruitment, data collection, and
translation. They also thank all study participants for
their time and cooperation.

Conflict of interest and funding
The authors declare no competing interests. This research
received no external funding.

Consent for publication
Not applicable.

Ethical approval
The study was approved by the Institutional Review Board
of Mahidol University (MU-CIRB 2023/307.0210).

References

1. Afshin A, Sur PJ, Fay KA, Cornaby L, Ferrara G, Salama JS,
et al. Health effects of dietary risks in 195 countries, 1990—
2017: a systematic analysis for the Global Burden of Disease
Study 2017. Lancet 2019; 393(10184): 1958-72. doi: 10.1016/
S0140-6736(19)30041-8

2. Malik VS, Pan A, Willett WC, Hu FB. Sugar-sweetened bever-
ages and weight gain in children and adults: a systematic review
and meta-analysis. Am J Clin Nutr 2013; 98(4): 1084-102. doi:
10.3945/ajen.113.058362

3. Malik VS, Li Y, Pan A, De Koning L, Schernhammer E,
Willett WC, et al. Long-term consumption of sugar-sweetened
and artificially sweetened beverages and risk of mortality in
US adults. Circulation 2019; 139(18): 2113-25. doi: 10.1161/
CIRCULATIONAHA.118.037401

4. Ruanpeng D, Thongprayoon C, Cheungpasitporn W,
Harindhanavudhi T. Sugar and artificially sweetened beverages
linked to obesity: a systematic review and meta-analysis. QJM
2017; 110(8): 513-20. doi: 10.1093/qjmed/hcx068

5. Kirittanawong C, Qadeer YK, Wang Z, Nadolsky K, Virani SS,
Lavie CJ. Sugar-sweetened and artificially sweetened beverages
consumption and risk of cardiovascular health. Am J Med 2023;
136(2): 163-71. doi: 10.1016/j.amjmed.2022.09.010

6. Debras C, Chazelas E, Sellem L, Porcher R, Druesne-Pecollo N,
Esseddik Y, et al. Artificial sweeteners and risk of cardiovascu-
lar diseases: results from the NutriNet-Santé cohort. BMJ 2022;
378:e071204. doi: 10.1136/bmj-2022-071204

7. Center for Science in the Public Interest. Sugary drinks
[Internet]. Washington, DC: CSPI; 2023. Available from: https:/
www.cspinet.org/advocacy/nutrition/sugary-drinks [cited 11
June 2023].

8. Centers for Disease Control and Prevention. Get the facts:
added sugar [Internet]. Atlanta, GA: CDC; 2022. Available
from: https://www.cdc.gov [cited 11 June 2023].

9. Teerawattananon Y, Limwattananon S. Obesity in Thailand
and its economic cost estimation. ADBI Working Paper Series.
Manila: Asian Development Bank Institute; 2017.

10. National News Bureau of Thailand. Sugar tax increase takes
effect October lIst [Internet]. Bangkok: NBT World; 2019.
Available  from:  https:/nbtworld.prd.go.th/en/news/detail/
TCATG190725140806445 [cited 11 June 2023].

11. World Health Organization. Guideline: sugar intake for adults
and children. Geneva: WHO Press; 2015.

12. Bank of Ayudhya. Industry outlook 2022-2024: bever-
age industry [Internet]. Bangkok: Krungsri Research; 2022.

(page number not for citation purpose)


http://dx.doi.org/10.29219/fnr.v70.14204
https://doi.org/10.1016/S0140-6736(19)30041-8
https://doi.org/10.1016/S0140-6736(19)30041-8
https://doi.org/10.3945/ajcn.113.058362
https://doi.org/10.1161/CIRCULATIONAHA.118.037401
https://doi.org/10.1161/CIRCULATIONAHA.118.037401
https://doi.org/10.1093/qjmed/hcx068
https://doi.org/10.1016/j.amjmed.2022.09.010
https://doi.org/10.1136/bmj-2022-071204
https://www.cspinet.org/advocacy/nutrition/sugary-drinks
https://www.cspinet.org/advocacy/nutrition/sugary-drinks
https://www.cdc.gov
https://nbtworld.prd.go.th/en/news/detail/TCATG190725140806445
https://nbtworld.prd.go.th/en/news/detail/TCATG190725140806445

Win Lai Khine et al.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Available from: https://www.krungsri.com/en/research/industry/
industry-outlook/Food-Beverage/Beverage/I0/io-beverage-2022
[cited 2023 Jun 11].

Rahman HA, Amornsriwatanakul A, Abdul-Mumin KH,
Agustiningsih D, Chaiyasong S, Chia M, et al. Prevalence of
health-risk behaviors and mental well-being of ASEAN univer-
sity students in COVID-19 pandemic. Int J Environ Res Public
Health 2022; 19(14): 8528. doi: 10.3390/ijerph19148528
Phoowachinnapong R, Suksatan W, Upasen R. Consumption
behavior of calcium-rich nutrients among students of Faculty
of Public Health, Khon Kaen University. KKU J Public Health
Res 2017; 10(3): 23-31.

Vichayanrat T, Amornsuradech S, Karawekpanyawong R.
Consumption of sugar-sweetened beverages and knowledge
among dental students. J Dent Assoc Thai 2018; 68(3): 250-9.
Nuanchankong J, Srisawat P, Mungthin M, Sritara P. Knowledge
and behavior on sugar-sweetened beverage consumption among
university students. EAU Heritage J Sci Technol 2021; 15(2):
45-56.

Subar AF, Kirkpatrick SI, Mittl B, Zimmerman TP, Thompson
FE, Bingley C, et al. The Automated Self-Administered 24-Hour
Dietary Recall (ASA24): a resource for researchers, clinicians,
and educators from the National Cancer Institute. J] Acad Nutr
Diet 2012; 112(8): 1134-7. doi: 10.1016/j.jand.2012.04.016
Vanderlee L, Reid JL, White CM, Hobin EP, Acton RB,
Jones AC, et al. Evaluation of the online beverage frequency
questionnaire (BFQ). Nutr J 2018; 17(1): 73. doi: 10.1186/
$12937-018-0380-8

Hedrick VE, Savla J, Comber DL, Flack KD, Estabrooks PA,
Nsiah-Kumi PA, et al. Development of a brief questionnaire
to assess habitual beverage intake (BEVQ-15): sugar-sweetened
beverages and total beverage energy intake. J Acad Nutr Diet
2012; 112(6): 840-9. doi: 10.1016/j.jand.2012.01.023

Hedrick VE, Comber DL, Estabrooks PA, Savla J, Davy BM.
The beverage intake questionnaire: determining initial validity
and reliability. J Am Diet Assoc 2010; 110(8): 1227-32. doi:
10.1016/j.jada.2010.05.005

Fausnacht AG, Myers EA, Hess EL, Davy BM, Hedrick VE.
Update of the BEVQ-15: determining comparative validity
and reproducibility. J Hum Nutr Diet 2020; 33(5): 729-37. doi:
10.1111/jhn.12758

Serra-Majem L, Frost Andersen L, Henrique-Sanchez P, Doreste-
Alonso J, Sanchez-Villegas A, Ortiz-Andrelluchi A, et al.

10

(page number not for citation purpose)

23.

24.

25.

26.

27.

28.

29.

30.

Evaluating the quality of dietary intake validation studies. Br J
Nutr 2009; 102(S1): S3-9. doi: 10.1017/S0007114509993116
Willett W, Lenart E. Reproducibility and validity of food-frequency
questionnaires. In: Willett W, editor. Nutritional Epidemiology. 3rd
ed. New York: Oxford University Press; 2013. p. 96-141.

Willett W. Correction for the effects of measurement error. In:
Willett W, editor. Nutritional Epidemiology. 3rd ed. New York:
Oxford University Press; 2013. p. 287-304.

Hulley SB, Cummings SR, Browner WS, Grady DG, Newman
TB. Designing clinical research. 4th ed. Philadelphia, PA:
Lippincott Williams & Wilkins; 2013.

Phulkerd S, Thongcharoenchupong N, Chamratrithirong A,
Gray RS, Prasertsom P. Changes in population-level con-
sumption of taxed and non-taxed sugar-sweetened beverages
after implementation of SSB excise tax in Thailand: a prospec-
tive cohort study. Nutrients 2020; 12(11): 3294. doi: 10.3390/
nul2113294

Hongsanun W, Kitreerawutiwong N, Petcharaburanin K.
Sugar content in sugar-sweetened beverages in the after-
math of Thailand’s sugar tax: a cross-sectional analy-
sis. J Med Assoc Thai 2021; 104(4): 552-9. doi: 10.35755/
jmedassocthai.2021.04.11621

McGill R, Tukey JW, Larsen WA. Variations of box plots. Am
Stat 1978; 32(1): 12-16. doi: 10.1080/00031305.1978.10479236
Koo TK, Li MY. A guideline of selecting and reporting intra-
class correlation coefficients for reliability research. J Chiropr
Med 2016; 15(2): 155-63. doi: 10.1016/j.jcm.2016.02.012

YiJ, Song G, Lin Z, Peng Y, Wu J. Validity and reproducibility
of food group-based food frequency questionnaires in assessing
sugar-sweetened beverage consumption habits among Chinese
middle-school students. Nutrients 2023; 15(18): 3921. doi:
10.3390/mu15183921

*Woantanee Kriengsinyos

Institute of Nutrition, Mahidol University
Phutthamonthon 4 Rd.

Salaya

Phutthamonthon

Nakhon Pathom 73170

Thailand

Email: wantanee krieng@mahidol.ac.th

Citation: Food & Nutrition Research 2026, 70: 14204 - http://dx.doi.org/10.29219/fnrv70.14204


http://dx.doi.org/10.29219/fnr.v70.14204
https://www.krungsri.com/en/research/industry/industry-outlook/Food-Beverage/Beverage/IO/io-beverage-2022
https://www.krungsri.com/en/research/industry/industry-outlook/Food-Beverage/Beverage/IO/io-beverage-2022
https://doi.org/10.3390/ijerph19148528
https://doi.org/10.1016/j.jand.2012.04.016
https://doi.org/10.1186/s12937-018-0380-8
https://doi.org/10.1186/s12937-018-0380-8
https://doi.org/10.1016/j.jand.2012.01.023
https://doi.org/10.1016/j.jada.2010.05.005
https://doi.org/10.1111/jhn.12758
https://doi.org/10.1017/S0007114509993116
https://doi.org/10.3390/nu12113294
https://doi.org/10.3390/nu12113294
https://doi.org/10.35755/jmedassocthai.2021.04.11621
https://doi.org/10.35755/jmedassocthai.2021.04.11621
https://doi.org/10.1080/00031305.1978.10479236
https://doi.org/10.1016/j.jcm.2016.02.012
https://doi.org/10.3390/nu15183921
mailto:wantanee.krieng@mahidol.ac.th

