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Abstract

High sodium consumption is one of the four major risk factors contributing to non-communi-
cable diseases around the world. Thailand has one of the highest rates of sodium consump-
tion, with fish sauce being one of the main sources. The aim of this study was to examine
whether changes in the micro-environment factors can affect fish sauce consumption
behavior in a university setting in Thailand. We implemented four interventions (with one
control) in five canteens across a Thai university. The study design was a Latin square,
where the five canteens were randomized over five weeks to implement four interventions
plus a control. Our interventions included behavior-oriented, cognitive-oriented, and affec-
tive-oriented nudges aimed to reduce the amount of fish sauce people add to their noodles
during lunchtime at the university canteens. Results indicate that a simple change in how
fish sauce was served can reduce fish sauce consumption. Serving fish sauce in a bowl with
a spoon reduced the amount of fish sauce used per noodle bowl by 0.25 grams, compared
to the normal condition where fish sauce is served in a bottle. Using a specially-designed
spoon with a hole induced a larger reduction of 0.58 grams of fish sauce used per bowl. The
other two interventions, cognitive- and affective- oriented nudges, also showed reductions
of fish sauce usage, but the differences were not statistically significant. The findings can be
used for policy implementation to advocate the use of a smaller sized spoon and a bowl to
serve fish sauce instead of a bottle to reduce sodium consumption among Thai people.

Introduction

Non-communicable diseases (NCDs) are the leading cause of mortality and morbidity world-
wide. One of the four major risk factors contributing to NCDs is unhealthy diet, where high
consumption of sodium contributes to 4.1 million annual deaths [1]. Thailand is among the
countries with the highest sodium consumption. According to Powles, Fahimi, Micha, et al.,
Thailand’s age-standardized estimated sodium intake for persons aged 20 and over in 1990
and 2010 were 5.23 and 5.31 grams/day, respectively [2]. This is more than the global sodium
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intake of 4.02 and 4.14 grams/day in 1990 and 2010, respectively [2], and substantially higher
than the recommended intake by the World Health Organization at 2 grams/day [3].

The main source of sodium intake among Thais, like many other Southeast Asian countries,
comes from condiments added to meals while cooking or at the table [4]. From a national rep-
resentative survey by Thailand National Statistics Office in 2017, 55.8 percent of Thai people
aged 6 years and older add condiments to meals at the table, with the highest rate among the
15-24 age group at 64.8 percent. The condiment that Thais add the most is fish sauce or soy
sauce at 69 percent, followed by sugar at 40.5 percent, chili powder at 38 percent, pickled chili
at 26.9 percent, and salt at 4.6 percent (multiple answers) [5]. Noodles are one of the most pop-
ular dishes among Thais. According to the Thai Food Consumption Survey conducted by
Thailand National Health Exam Survey Office, 55.4 percent of Thai adults aged 15 years and
over consume noodles every week, and 17.9 percent consume noodles almost every day [6]. A
study conducted by Pavadhgul et al. among undergraduate students at Mahidol University in
Thailand found that the main source of sodium was from individual-dish meals such as noo-
dles and rice with stir-fried meat and holy basil leaves [7]. These dishes provide a mean sodium
intake of 2,437.8 £ 1,376.9 mg/day. In addition, 64.7 percent of respondents reported adding
condiments to noodles and rice with stir-fried meat and holy basil, with 89.1 percent of those
who add condiments adding at least one teaspoon of fish sauce, increasing the sodium intake
by 505.8 + 506.5 mg/day [7].

The health policy challenge

Thailand has campaigned to reduce sodium consumption for more than a decade. The first
national strategy to reduce salt and sodium consumption in 2013 followed the World Health
Organization (WHO) resolution adopted in May 2013 that set nine global NCD targets [8].
Reducing salt and sodium intake by 30 percent by the year 2025 was one of the nine global tar-
gets [8], and Thailand responded by adopting the national nine NCD targets at the 6th
National Health Assembly in December 2013, where salt and sodium intake was set to be
reduced by 30 percent [9]. Later, the 8th National Health Assembly in 2015 adopted a resolu-
tion addressing the policy on salt and sodium consumption reduction to address NCDs [10].
Subsequently, the Strategic Plan on Sodium and Salt Reduction in Thailand 2016-2025 was
formulated under the Department of Disease Control, Ministry of Public Health [11].

For legislation and environmental reform, in 2016 the Ministry of Public Health announced
two government Notifications of Mandatory Nutrition Labelling and a Guideline Daily
Amount (GDA) including sodium content in 2016 and 2018 [12, 13]. The products that need
to carry GDA nutrition fact labels include snacks, chocolates, bakery products, instant food
products, frozen single-serve meals, drinks in sealed packages, tea, coffee, milk, yoghurt, dairy
products, soy milk, and ice-cream [12, 13]. Note, however, that this mandatory nutrition label-
ling and GDA can only regulate processed manufactured foods, where street foods and ready-
cooked foods served in canteens and food stalls are left unregulated.

Despite these ongoing efforts, the current sodium consumption in Thailand is still above
the recommended levels [2, 3]. The interventions in this study are an attempt to provide a new
way of approaching the problem. Our study adds to previous studies in the literature on
sodium consumption in several ways. First, our study focuses on the behavior of adding condi-
ments at the table, where most studies focus on food consumption rather than adding condi-
ments. Second, this study examines the behavior of Thais which shares some similarity with
those of other Asian countries such as the Philippines and Vietnam [4], where condiments are
added at the table. Third, this is the first study applying behavior change approaches to address
this public health and policy challenge.
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The behavior change solution

There is a growing literature providing empirical evidence on strategic changes in the environ-
ment (sometimes referred as nudges) and their influence on people’s behavior. To determine
nudging interventions that influence and improve individuals’ health-related behaviors—
including food and beverage consumption—recent studies emphasized the importance of
micro-environment factors. The ideas are mostly based on a behavioral science approach
which concerns the impacts of cognitive, emotional, and socio-cultural factors on the individ-
uals’ decisions. Appropriate design and implementation of interventions to alter micro-envi-
ronment elements were evidenced to affect those factors and ultimately individuals’ behaviors
[14, 15]. The term choice architecture highlights the strategy of influencing choice of individu-
als or the population by setting or altering the contexts in which they make decisions.

The nudge approach to behavior change is derived from a dual process theory. According
to psychological studies on how the human brain operates, two distinct systems for informa-
tion processing and action control are identified—reflective and automatic [16]. By character-
istics, the former system is more controlled, effortful, deductive, slow, and self-aware, while
the latter is more uncontrolled, effortless, emotional, fast, and unconscious. The nudge
approach emphasizes and covers mainly the influences on the automatic system of the human
brain. For example, MINDSPACE, a well-known comprehensive framework for designing
nudging interventions, provides a checklist of nine most robust influences on human behavior
for use when designing interventions or policy making [17]. This approach has been applied in
various case studies of policy making that aim to influence specific behaviors such as smoking
and alcohol consumption, organ donation, diet and weight, physical activity, or food hygiene
[18-20].

The majority of systematic reviews and meta-analyses suggest a small but positive effect of
these strategic changes in altering behavior [21-24]. Since there can be many types of behav-
ioral change interventions, analyses are typically categorized by the type of nudge. A meta-
analysis of field experiments classified nudges for healthy dietary intake broadly into three
groups [14]. These include: cognitive-oriented nudges such as descriptive and evaluative nutri-
tional labelling or visibility enhancements; affective-oriented nudges such as hedonic or prefer-
ence enhancements or healthy eating calls; and behavior-oriented nudges that influence
selection, purchase, and food consumption behaviors by changing convenience (e.g., place-
ment) or properties (e.g., size) of the objects or stimuli (e.g., see the Typology of Interventions
in Proximal Physical Micro-Environments (TIPPME) [25]. Cadario and Chandon [22] con-
ducted a meta-analysis of nudges and found that the type of nudge that showed the largest
effect was behavior-oriented nudges (such as convenience or size enhancements), followed by
affective-oriented nudges (such as hedonic enhancements and healthy eating calls). The least
effective nudges were cognitive-oriented interventions (such as descriptive nutritional label-
ing, evaluative nutritional labeling, and visibility enhancements). Behavior-oriented nudges
such as making unhealthy foods less convenient to consume, using less convenient serving
utensils (tongs versus spoons), or offering smaller-sized utensils, have been shown to reduce
the amount consumed [26, 27].

Studies also show large heterogeneity in effectiveness [24, 28], which implies those three
types of nudges are all relevant to our public health challenge—reducing sodium consumption
among adults eating in public venues. A recent systematic review of studies including cognitive
nudges that are making specific information more salient or accessible (also known as prim-
ing) found a variation in the effectiveness of nudging since the populations and settings tested
vary greatly [28]. Such nudges tend to be more effective in adults, as opposed to children; and,
offsite eateries and onsite cafeterias are more effective settings compared to grocery stores
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[22]. The heterogeneity in effectiveness of nudges also depends on the type of behavior they
are aiming to influence. For instance, do the nudges aim to promote healthy eating behaviors
or to discourage unhealthy ones? From the meta-analysis, a 30 percent stronger effect size was
found for reducing unhealthy eating than for increasing healthy eating [22]. With respect to
behavior-oriented nudges, Rozin et al. [27] examined the effect of altering accessibility on food
intake in a university cafeteria. The study found that aside from changing the order and posi-
tion of foods in the salad bar, changing the serving utensil from spoons to tongs reduced intake
of unhealthy foods in the salad bar in the range of 8-16 percent.

Empirical evidence shows that food consumption can be altered by making strategic
changes in the environment. However, these studies were conducted predominantly in the
Western context, particularly in the US. Food cultures in Asia differ vastly from the West, and
even among Asian countries there are enormous variations. Therefore, this study will explore
nudge interventions, including cognitive-oriented, behavior-oriented, and affective-oriented
approaches, in reducing the amount of fish sauce consumers add at the table.

Methods

The main objective of this study was to assess the potential impacts of interventions that adjust
micro-environmental elements on the quantity of fish sauce added to noodles by consumers,
in the context of Thai university canteens.

Study sites

Five canteens of Mahidol University, Salaya Campus, Nakhon Pathom, Thailand were selected
as the study sites from a total of six canteens. We included all canteens available on campus
(apart from one canteen which was designated for another study). The criteria for selecting the
canteens were that they must have at least one noodle shop and the shop owner must provide
consent and cooperation to participate in the study. All canteens received consent from the
department or faculty responsible for each canteen. We approached each noodle shop to
explain our research study and to ask for their consent. All noodle shops in all five canteens
accepted to participate in our study. In total, there were 11 noodle shops from five canteens.

Interventions

In the control scenario, fish sauce was served in a 750 ml bottle, placed in front of each noodle
shop. After the consumers buy their noodles, they can choose if they want to add any condi-
ments to their desired taste. Based on the concepts of healthy eating nudges—including cogni-
tive-oriented, affective-oriented, and behavior-oriented nudges [14], this study tested the
following four interventions:

1. A behavior-oriented nudge by changing the convenience of objects. The fish sauce serving
container was changed to a bowl (with 500 g of fish sauce) with a “regular spoon” (that can
extract 15 g of fish sauce). Using a spoon to extract fish sauce from a bowl requires more
effort than extracting fish sauce directly from a bottle, and therefore may reduce the quan-
tity of fish sauce added to the noodles.

2. A behavior-oriented nudge by changing the convenience and property of objects. Similar to
the first intervention, the fish sauce serving container was changed to a bowl (with 500 g of
fish sauce). But instead of using a regular spoon, a special spoon designed by the Thai
Health Promotion Foundation to reduce sodium consumption among Thai people was
used. The special spoon, named the “less spoon”, has a hole in the middle and can extract
3.3 g of fish sauce at a time, or approximately two thirds of a teaspoon. Displayed near the
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bowl of fish sauce was an A4-sized information sheet introducing the “less spoon” with the
short message: “Do not add more than 2/3 teaspoons of fish sauce per meal”. This interven-
tion was expected to make adding fish sauce even less convenient while prompting the noo-
dle buyers not to add more than the recommended amount of fish sauce.

3. A cognitive-oriented nudge by providing information about health and sodium consump-
tion. In this intervention, fish sauce was served in a bottle, just like in the control scenario,
but an A4-sized information sheet was also displayed near the fish sauce bottle. The sheet
provided information regarding the amount of sodium already in noodles and the recom-
mended sodium consumption per meal. The information sheet also showed a picture of a
smartwatch with a healthy heart, a 120/80 blood pressure reading, a positive reinforcement
message “GREAT JOB”, and a short message reading: “Less salty, reduces disease, weight,
and bloating”. The display of the information sheet was expected to enhance the saliency of
health and healthy living with better cognitive knowledge on the amount of sodium in the
diet, and awareness about risks of excess sodium intake.

4. An affective-oriented nudge by providing information about health and sodium consump-
tion with an emotional stimulus. In this intervention, fish sauce was served in a bottle, just
like in the control scenario, but an A4-sized information sheet with an affective-provoking
picture was also displayed nearby the fish sauce bottle. The sheet provided information
regarding the amount of sodium already in noodles and the recommended sodium con-
sumption per meal. In addition, there was a picture of a girl making a disgusted face with a
short message saying “too salty”. Evidence shows that the human amygdala exerts some of
its emotion regulation functions when the observer is exposed to (but not necessarily aware
of) the triggering emotional stimulus such as facial expressions [29].

5. No intervention as the control—i.e., standard noodle shop practice of serving fish sauce in
a bottle.

Corresponding pictures for control and interventions 1-5 are shown in Fig 1.

Study design

The unit of analysis in this experiment is canteen, not an individual noodle shop. This is due
to the fact that the contexts and conditions of the shops located in the same canteen, in terms
of characteristics of regular consumers and other physical settings and environments, are very
similar; and, it is difficult to prevent carryover effects of the intervention being experimented
with a noodle shop to the others in the canteen. With this condition, the number of canteens
was limited to five. Due to the number of available canteens, the time limitation, and financial
budget available, a Latin square design was applied in this experiment for the primary analysis.
The implementation plan of interventions (including four randomized interventions and no
intervention for control) in five canteens (randomized Canteens A-E) within a five-week
period (Weeks 1-5, five days per week) is presented in Table 1.

This Latin square study design included the intervention effect and two nuisance effects,
namely canteen effect and week effect, since no inter-week carryover effects were expected.
Canteens were randomized within the Latin square design. Data was collected on weekdays
during the peak lunch time (11:30 am-1:30 pm) over a period of five weeks during September
to November 2019. Due to special events in some weeks during the data collection period (i.e.,
graduation week, mid-term examination week, and several national holidays in October), data
collection was halted for a total of five weeks (not all consecutively) since the number of stu-
dents on campus differed from the other weeks. During the weeks when data collection was
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1. Baseline (Fish sauce in bottle)

2. Regular spoon + fish sauce in bowl

Bowl of
Fish sauce

3. Special spoon + fish sauce in bowl +
information on spoon
The “Less Spoon”
Do not add fish sauce
more than

2/3
teaspoons per meal

4. Fish sauce in bottle +
health information and priming

“Less Salty”
Reduce (risk for) disease, reduce weight, no bloating

One bowl of noodles contains
600 -1,500 mg of sodium
1 teaspoon of fish sauce adds 500 mg,
2-3 times higher than recommended sodium
consumption of 600 mg per meal

5. Fish sauce in bottle +
health information and affect

“Less Salty”
Reduce (risk for) disease, reduce weight, no bloating

“Too Salty”
One bowl of noodles contains
600 -1,500 mg of sodium
1 teaspoon of fish sauce adds 500 mg,
2-3 times higher than recommended sodium
consumption of 600 mg per meal
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Fig 1. Pictures showing interventions used in the experiment.

https://doi.org/10.1371/journal.pone.0238642.9001

halted, the most recent intervention for each canteen still continued; there were no suspen-
sions of interventions during the data collection break. One daily observation was not collected
during the study for canteen B, due to the noodle shops within the canteen being closed unan-
nounced. This was an unexpected closure, and we treated this observation as missing in the
analysis. With five canteens over the experimental period of five weeks (weekday only), the
total number of observations for this study was 124.

Three data collection teams were created and trained about the experimental protocols and
report forms. Responsible for 3-4 shops a day, each team comprised 3-4 data collectors (one
per shop, preparing intervention settings and collecting data) and one team supervisor (coor-
dinating with the main research team through the field coordinator, supervising the data col-
lectors, and inspecting the quality of data collection). Their main responsibilities included
setting up the intervention, monitoring the set up (e.g. whether fish sauce needed to be refilled,
or whether the setup had been moved), observing consumers’ behaviors, and measuring the
amount of fish sauce used each day. The main research team rotated among the canteens to
observe the data collection process.

Each day before the start of data collection, the data collection team prepared the fish sauce
according to the implementation plan for each canteen and set up the intervention in front of
each noodle shop. The fish sauce used was the same brand for all the noodle shops throughout
the experimental period for consistency, the bowls used were also the same in all sites, and the
amount of the fish sauce offered in a bowl was measured to be 500 grams at the start of the col-
lection period. If the fish sauce depleted to less than half the container during the experimental
period, the researcher replaced the fish sauce in a new serving container and weighed and
recorded the remaining fish sauce in the old container.

The data recorded each day during the experimental period came from direct observation,
which included the number of noodle bowls sold and the number of noodle bowls to which
fish sauce was added (by the consumer). Data collectors observed consumers’ behaviors from
a distance using two tally counters. One counter was for counting the total number of noodle
bowls sold, and another was for counting the bowls to which the consumers added fish sauce.
The team weighed the fish sauce in its container on a scale twice each day; before and after the
experimental period. The total quantity of fish sauce used per day per noodle shop (in grams)
came from subtracting the weight of the remaining fish sauce in the serving container at the
end of the collection period from the weight at the start of the collection period in each day.
Since the difference in the weight could only come from the reduction in fish sauce, there was
no need to take into account the weight of the empty containers. Data collectors were rotated
every day to a different noodle shop to avoid individual bias and any potential data collector
effect that might occur with a specific shop.

Table 1. Latin square design of interventions across weeks and canteens.

Week 1
9-13 September 2019
Canteen A Control
Canteen B Regular spoon
Canteen C Info + affect
Canteen D Special spoon
Canteen E Info + priming

https://doi.org/10.1371/journal.pone.0238642.t001

Week 2 Week 3 Week 4 Week 5
16-20 September 2019 23-27 September 2019 7-11 October 2019 4-8 November 2019
Info + priming Special spoon Info + affect Regular spoon
Control Info + priming Special spoon Info + affect
Regular spoon Control Info + priming Special spoon
Info + affect Regular spoon Control Info + priming
Special spoon Info + affect Regular spoon Control
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Data analysis

A single outcome was assessed in this study: average fish sauce usage. However, three different
measurements of this outcome were analyzed: (1) the amount of fish sauce added (in grams)
divided by the total number of bowls sold per day, which is the primary measurement of the
outcome; (2) the amount of fish sauce added as a proportion of the total number of bowls to
which fish sauce was added per day; and (3) the percentage of bowls to which fish sauce was
added, defined as a proportion over the total number of fish bowls sold per day. These out-
come measurements are expected to be correlated, since they relate to alternative measure-
ments of the same outcome event. Therefore, each analysis is treated as an alternative
perspective of the same underlying outcome, broadly defined as the extent of the use of fish
sauce following intervention or control/no intervention. It is important to note that our mea-
sures do not reflect the amount of fish sauce actually consumed, but rather how much fish
sauce was added to the noodles.

Noodle bowl sizes were very similar among canteens, so no further adjustment for bowl
size was needed. Also, no major events were reported during the weeks of data collection that
would have added new sources of variability to the data.

The data analysis included descriptive and inferential statistics. The descriptive statistics
showed the mean and standard deviation of each outcome across interventions, as well as can-
teens, weeks, and days of the week.

As for the primary analysis model resulting from the Latin square design, it can be defined
as follows across the different outcome measurements:

Outcome,;, = o + Intervention; + Canteen; + Week + Error, ;,

The reference categories used to calculate intra-block effects include: No Intervention/Control;
Canteen B; and Week 1.

A secondary analysis was performed by replacing the week effect with the day-of-the-week
effect (which is feasible under the current design of five time blocks with daily measurements),
also controlling for canteen effects. This secondary analysis accounts for a potential alternative
seasonality effect, by accounting for weekday effects instead of weekly effects. This results in
the following secondary model:

Outcome, ;, = o + Intervention; + Canteen; + Weekday, + Error,;,

The reference categories used to calculate intra-block effects include: No Intervention/Control;
Canteen B; and Monday. The analysis included parameter estimates, standard errors, t-value,
p-value, and the 95% confidence interval. The significance level in this study was set to 5%. All
statistical analyses were performed using R version 3.6.1.

Ethical approval

Research ethical clearance was obtained prior to the study from the Institute for Population
and Social Research Institutional Review Board (IPSR-IRB), Mahidol University, with the cer-
tificate of approval COA. No. 2019/08-347. All department or faculty responsible for each can-
teen provided consent prior to the study. In addition, each noodle shop was approached to
explain the research study and to ask for their written consent. As for collecting data on fish
sauce consumption behaviors during the study, we only observed from a distance whether
each person added fish sauce to their bowl, and therefore did not approach individual consum-
ers for consent.
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Results

Table 2 shows summary statistics across the three outcome measurements by intervention,
canteen, and week for the primary analysis, as well as the secondary analysis in which week
is replaced by weekday. When measured as the amount of fish sauce used (in grams) out of
either the number of bowls sold or the number of bowls to which fish sauce was added, there
is a noticeably smaller observed mean and standard deviation for the intervention contain-
ing the special spoon and information, relative to the control/no intervention and all other
interventions. Tables 3-5 contain analysis results for each of the three outcome measure-
ments, respectively. Results include model parameter estimates and corresponding standard
errors, t-statistics, p-values, and 95% confidence intervals for each intervention, canteen,
and week.

Our findings show that our interventions were able to reduce the total quantity of fish sauce
added. In the control scenario where fish sauce was offered in a bottle, people on average
added 1.38 grams of fish sauce per noodle bowl sold. Changing from a bottle to a bowl with a
regular spoon, the amount of fish sauce added decreased to 1.13 grams, which is equivalent to
areduction of 21.6 milligrams of sodium (calculated based on the nutrition label on the fish
sauce bottle). The quantity of fish sauce added was further reduced to 0.80 grams once we
replaced the regular spoon with a special spoon. This is equivalent to a reduction of 51.3

Table 2. Descriptive statistics for the outcomes across interventions, canteens, and week (for the primary analysis) or weekday (for the secondary analysis).

Fish sauce used (grams)/Bowls sold per day Fish sauce used (grams)/Bowls to which fish % Bowls to which fish
sauce was added per day sauce was added/Bowls
sold per day

Mean (grams/bowl) SD (grams/bowl) Mean (grams/bowl) SD (grams/bowl) Mean (%) SD (%)
Intervention
Control/No intervention 1.38 0.74 591 2.44 23.05 7.55
Regular spoon 1.13 0.34 4.71 1.39 24.84 7.00
Special spoon + information 0.80 0.31 3.27 0.97 24.61 8.05
Information + priming picture 1.30 0.46 5.34 1.76 24.57 6.28
Information + affect picture 1.18 0.37 5.31 1.89 23.05 6.66
Canteen
A 0.94 0.22 4.49 1.07 21.07 2.87
B 1.35 0.24 4.56 0.98 30.05 3.90
C 0.93 0.55 4.65 1.80 19.51 5.07
D 1.01 0.42 4.17 1.90 25.17 9.24
E 1.57 0.60 6.63 2.55 24.58 7.30
Week
1 1.27 0.48 5.00 2.29 27.18 8.40
2 1.15 0.54 4.66 2.04 24.60 6.92
3 1.21 0.68 4.94 2.25 24.40 6.71
4 1.03 0.33 4.59 1.07 22.50 5.50
5 1.11 0.40 5.30 1.88 21.41 6.53
Weekday
Monday 1.08 0.47 4.74 1.88 22.76 6.22
Tuesday 1.19 0.60 5.25 233 22.93 6.24
Wednesday 1.16 0.46 4.49 1.54 26.17 7.71
Thursday 1.18 0.46 4.63 1.57 25.88 7.63
Friday 1.17 0.54 5.41 2.28 22.32 6.93

https://doi.org/10.1371/journal.pone.0238642.t002
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Table 3. Model results for the outcome measurement: Amount of fish sauce used (grams) per bowl sold per day.

Estimate Standard Error t-value p-value 95% Confidence Interval (CI)
Reference mean® 1.6849 0.1295 13.011 <0.0001 (1.4283,1.9416)
Intervention®
Regular spoon -0.2509 0.1124 -2.232 0.0276 (-0.4736,-0.0282)
Special spoon + information -0.5768 0.1124 -5.131 <0.0001 (-0.7995,-0.3540)
Information + priming picture -0.0844 0.1124 -0.751 0.4541 (-0.3072,0.1383)
Information + affect picture -0.1962 0.1124 -1.745 0.0837 (-0.4189,0.0266)
Canteen®
A -0.4152 0.1124 -3.694 0.0003 (-0.6379,-0.1925)
C -0.4246 0.1124 -3.778 0.0003 (-0.6474,-0.2019)
D -0.3445 0.1124 -3.065 0.0027 (-0.5672,-0.1217)
E 0.2171 0.1124 1.932 0.0560 (-0.0056,0.5498)
Week®
2 -0.1191 0.1112 -1.072 0.2861 (-0.3394,0.1011)
3 -0.0579 0.1112 -0.521 0.6034 (-0.2782,0.1624)
4 -0.2262 0.1124 -2.012 0.0466 (-0.4489,-0.0034)
5 -0.1558 0.1112 -1.401 0.1639 (-0.3761,0.0645)
Model statistics
R-squared = 0.4467 Adj-R-squared = 0.3869 F(12,111) = 7.469 p-value<0.0001

“Reference categories for each variable used to calculate intra-block effects include: No Intervention/Control; Canteen B; and Week 1

https://doi.org/10.1371/journal.pone.0238642.t003
milligrams of sodium per all bowls of noodles. The other two interventions with priming and

affect signs also reduced the amount of fish sauce added, but the effects were small and not sta-
tistically significant.

Table 4. Model results for the outcome measurement: Amount of fish sauce used (grams) per bowl to which fish sauce was added per day.

Estimate Standard Error t-value p-value 95% Confidence Interval (CI)
Reference mean® 5.6667 0.5064 11.190 <0.0001 (4.6632,6.6701)
Intervention®
Regular spoon -1.1721 0.4395 -2.667 0.0088 (-2.0430,-0.3012)
Special spoon + information -2.6120 0.4395 -5.943 <0.0001 (-3.4829,-1.7411)
Information + priming picture -0.5421 0.4395 -1.233 0.2200 (-1.4130,0.3288)
Information + affect picture -0.5719 0.4395 -1.301 0.1959 (-1.4428,0.2991)
Canteen®
A -0.0979 0.4395 -0.223 0.8241 (-.9688,0.7730)
C 0.0583 0.4395 0.133 0.8947 (-0.8126,0.9292)
D -0.4174 0.4395 -0.950 0.3443 (-1.2883,0.4535)
E 2.0439 0.4395 4.650 <0.0001 (1.1728,2.9146)
Week?®
2 -0.3414 0.4347 -0.785 0.4339 (-1.2028,0.5199)
3 -0.0653 0.4347 -0.150 0.8809 (-0.9266,0.7960)
4 -0.3863 0.4395 -0.879 0.3814 (-1.2572,0.4847)
5 0.2958 0.4347 0.681 0.4976 (-0.5655,1.1572)
Model statistics
R-squared = 0.4383 Adj-R-squared = 0.3776 F(12,111) = 7.217 p-value<0.0001

*Reference categories for each variable used to calculate intra-block effects include: No Intervention/Control; Canteen B; and Week 1

https://doi.org/10.1371/journal.pone.0238642.1004
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Table 5. Model results for the outcome measurement: % Bowls to which fish sauce was added per bowl sold per day.

Estimate Standard Error t-value p-value 95% Confidence Interval (CI)
Reference mean® 0.3225 0.0197 16.401 <0.0001 (0.2835,0.3615)
Intervention®
Regular spoon 0.0160 0.0171 0.939 0.3499 (-0.0178,0.0498)
Special spoon + information 0.0378 0.0171 0.807 0.4212 (-0.0200,0.0476)
Information + priming picture 0.0133 0.0171 0.781 0.4368 (-0.0205,0.0471)
Information + affect picture -0.0019 0.0171 -0.109 0.9137 (-0.0357,0.0320)
Canteen®
A -0.0889 0.0171 -5.209 <0.0001 (-0.1227,-0.0551)
C -0.1045 0.0171 -6.121 <0.0001 (-0.1383,-0.0787)
D -0.0479 0.0171 -2.805 0.0059 (-0.0817,-0.0141)
E -0.0538 0.0171 -3.151 0.0021 (-0.0876,-0.0200)
Week®
2 -0.0258 0.0169 -1.526 0.1299 (-0.0592,0.0077)
3 -0.0278 0.0169 -1.645 0.1028 (-0.0612,0.0057)
4 -0.0446 0.0171 -2.615 0.0102 (-0.0784,-0.0108)
5 -0.0576 0.0169 -3.414 0.0009 (-0.0911,-0.0242)
Model statistics
R-squared = 0.3554 Adj-R-squared = 0.2857 F(12,111) = 5.100 p-value<0.0001

"Reference categories for each variable used to calculate intra-block effects include: No Intervention/Control; Canteen B; and Week 1

https://doi.org/10.1371/journal.pone.0238642.t005

Upon closer inspection of the behavior, we found that the interventions were not effective
in changing people’s decisions whether to add fish sauce, but rather the quantity of fish sauce
added among those who added fish sauce. In the control scenario, an average of about 23 per-
cent of people across all five canteens added fish sauce to their bowl of noodles. With the inter-
ventions in place, the proportion of people who added fish sauce varied between
approximately 23-25 percent, which was not statistically different from the control (Table 2).

Among those who added fish sauce, the reduction in the quantity of fish sauce used was fur-
ther pronounced with interventions. Considering only those who added fish sauce, on average
5.91 grams of fish sauce was added in the control scenario. With fish sauce offered in a bowl
and a regular spoon, the amount reduced to 4.71 grams, or a 101.7 milligrams reduction of
sodium. The intervention with a bowl and a special spoon resulted in the biggest reduction of
fish sauce added among those who used fish sauce, decreasing to 3.27 grams, or a reduction of
231.3 milligrams of sodium.

Statistically significant differences were found when comparing two of the interventions to
the control/no intervention for outcome measurements pertaining to actual amounts of fish
sauce usage (Tables 3 and 4). The interventions using the (1) regular spoon and (2) special
spoon combined with information offer statistically significant improvements in amounts of
fish sauce used compared to the control/no intervention. Use of a regular spoon induced an
estimated reduction of 0.2509 grams of fish sauce used per bowl sold per day (p = 0.0276; 95%
CI -0.4736,-0.0282), or a reduction of 1.1721 grams of fish sauce used per bowl to which fish
sauce was added per day (p = 0.0088; 95% CI -2.0430,-0.3012) compared with the control of
using the standard fish sauce bottle. Use of the special spoon combined with information
induced a larger reduction, an estimated reduction of 0.5768 grams of fish sauce used per bowl
sold per day (p<0.0001; 95% CI -0.7995,-0.3540), or a reduction of 2.6120 grams of fish sauce
used per bowl to which fish sauce was added per day (p<0.0001; 95% CI -3.4829,-1.7411) com-
pared to the control of the standard bottle of fish sauce used by canteens.

PLOS ONE | https://doi.org/10.1371/journal.pone.0238642 September 8, 2020 11/18


https://doi.org/10.1371/journal.pone.0238642.t005
https://doi.org/10.1371/journal.pone.0238642

PLOS ONE

Interventions to reduce fish sauce consumption in Thailand

The other two interventions (3) cognitive nudging and (4) affective nudging also show esti-
mated reductions in these two outcome measurements of fish sauce usage, though differences
are statistically non-significant ((3) p = 0.4541; 95% CI -0.3072,0.1383 and p = 0.2200; 95% CI
-1.4130,0.3288; and (4) p = 0.0837; 95% CI -0.4189,0.0266 and p = 0.1959; 95% CI
-1.4428,0.2991, respectively—see Tables 3 and 4). There are no significant differences across
interventions compared to the control/no intervention (p-values range from 0.3499 to 0.9137)
for the binary outcome measurement representing fish sauce usage—i.e., the percentage of
bowls to which fish sauce was added per bowls sold per day.

Canteen differences appear significant across multiple outcome measurements. For the out-
come measurement of the amount of fish sauce used (grams) per bowl sold per day (Table 3),
canteens A, C, and D saw significant reductions (in grams) of 0.4152 (p = 0.0003; 95% CI
-0.6379,-0.1925), 0.4246 (p = 0.0003; 95% CI -0.6474,-0.2019), and 0.3445 (p = 0.0027; 95% CI
-0.5672,-0.1217), respectively, in fish sauce usage compared to the reference canteen B.
Whereas, canteen E saw a non-significant (p = 0.0560; 95% CI -0.0056,0.5498) increase of
0.2171 grams. For the outcome measurement of the amount of fish sauce used (grams) per bowl
to which fish sauce was added per day (Table 4), the customers frequenting canteen E used a sig-
nificantly larger (p<0.0001; 95% CI 1.1728,2.9146) amount of fish sauce (2.0439 grams more)
compared to the reference canteen B. All other canteens had non-significant reductions or
increases (p>>0.3443). Though, all canteens saw significant reductions, with p-values ranging
from <0.0001 to 0.0059, of 4.79% (D) to 10.45% (C) in the percentage of bowls to which fish
sauce was added per bowl sold per day compared to the reference canteen B (Table 5).

Weekly effects were mostly negligible except for Week 4 for fish sauce used per bowl sold
(Table 3; p = 0.0466; 95% CI -0.4489,-0.0034) and Weeks 4 and 5 for the percentage of bowls
with added fish sauce (Table 5; p = 0.0102; 95% CI -7.84%,-1.08% and p = 0.0009; 95% CI
-9.11%,-2.42%, respectively).

The last row in each of Tables 3-5 presents overall model statistics across outcome mea-
surements, including r-squared, adjusted r-squared, F-statistic, and p-value. R-squared values
indicate that the explained variability ranges from approximately 36% to 45% across these
models, with p<0.0001 in all cases.

Results of the secondary analysis, in which the week effect was replaced by a day-of-the-
week effect in the model, are reported in S2-S5 Tables. Similar to the primary analysis results,
the regular spoon and special spoon with information interventions were associated with sta-
tistically significant reductions in amount of fish sauce used per bowl sold and per bowl to
which fish sauce was added. The same canteens shown to have significant associations with the
outcome measurements in the primary analysis were also the case in this secondary analysis.
No weekday effects were observed across the outcome measurements, with p-values ranging
from 0.0506 to 0.9273. Similar to primary analysis results, the explained variability ranges
from approximately 33% to 46% across these models, again with p<0.0001 in all cases.

Discussion

Thailand has set a target to reduce sodium consumption by 30% by the year 2025 following the
global target set by the World Health Organization. However, sodium consumption in Thai-
land remains high despite the efforts made by all stakeholders. Adding fish sauce or soy sauce
to meals at the table increases sodium intake by 350-500 mg per teaspoon. This study used
nudge theory to develop interventions to change the behavior of adding fish sauce to noodle
bowls by customers in the canteen at Mahidol University in Thailand.

This study found that using a behavior-oriented nudge by changing the fish sauce serving
container from a bottle to a bowl with a spoon can reduce the amount of fish sauce added by
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0.2509 grams per bowl sold per day (p = 0.0276; 95% CI -0.4736,-0.0282), or a reduction of
1.1721 grams per bowl to which fish sauce was added per day (p = 0.0088; 95% CI -2.0430,-
0.3012). The use of the special spoon combined with information induced a larger reduction,
an estimated reduction of 0.5768 grams of fish sauce used per bowl sold per day (p<0.0001;
95% CI -0.7995,-0.3540), or a reduction of 2.6120 grams of fish sauce used per bowl to which
fish sauce was added per day (p<0.0001; 95% CI -3.4829,-1.7411), compared to the control of
the standard bottle of fish sauce used by canteens. The reduction in fish sauce added helps
reduce the sodium intake by 26.6 and 61.1 g per bowl sold per day using a regular spoon and
special spoon, respectively, and 124.2 g and 276.9 g per bowl to which fish sauce was added
using a regular spoon and special spoon, respectively. However, none of the nudge interven-
tions resulted in changing the behavior of adding fish sauce to consumers’ noodle bowls. Our
findings show no significant differences across interventions compared to the control/no
intervention (p-values range from 0.3499 to 0.9137) for the binary outcome measurement rep-
resenting fish sauce usage—i.e., the percentage of bowls to which fish sauce was added per
bowl sold per day. This means that the current interventions do not affect consumers’ decision
to add fish sauce. To discourage fish sauce usage, other types of interventions must be
explored. One option is to change the availability or the convenience of getting fish sauce, such
as by placing the condiment station further away from the noodle shop [30].

Based on the Nudge Theory, changing the fish sauce container from a bottle to a bowl with
a spoon is a behavior-oriented nudge. Using a spoon to extract fish sauce from a bowl takes
more time and effort for the customers to get the same amount of fish sauce from a bowl than
from a bottle. As a result, customers reduce the amount of fish sauce added even without
intending to do so. The use of a special spoon with a hole further prompts customers to better
gauge the amount of fish sauce they are adding to their noodle bowl compared to pouring fish
sauce straight from a bottle. In this intervention, the special spoon was introduced alongside a
sign that read “do not add more than 2/3 teaspoons of fish sauce per meal”. The special spoon
cues customers to visually see and achieve the recommended amount. Our findings align with
previous studies showing that behavior-oriented nudges are most effective in changing con-
sumption behavior, such as making unhealthy foods less convenient to consume by using less
convenient serving utensils (tongs versus spoons) or offering smaller-sized utensils [22, 26, 27].

The other two interventions with cognitive and affective nudges were not as effective in
reducing the amount of fish sauce added. The mechanisms intended behind these interven-
tions were to change behavior in an automatic way. The cognitive-oriented nudge attempted
to give a subconscious cue (priming) to think about one’s health, while the affect sign was an
affective-oriented nudge to trigger a feeling of “too salty” that would deter adding fish sauce.
In our study, these two interventions were not effective. Possible reasons may be because uni-
versity students may still be too young to be concerned about health, and therefore health
primes would not trigger a subconscious cue to add less fish sauce. For priming to work, the
sign must trigger their automatic and intuitive behavior through an existing personal long-
term goal in health. Previous studies of priming nudges on eating behavior have shown mixed
results [28, 31]. Among those with positive outcomes, the effect is limited to certain groups of
populations, particularly when the priming cues align with individuals’ goals. For instance,
health primes were more effective in reducing consumption of those on a diet than those who
were not [32-35]. Similar arguments can be made for the affect sign. People who typically add
fish sauce in their noodles are more likely to prefer flavorful foods and may not be concerned
about their food being “too salty”. Therefore, the visual cue to trigger a feeling of food being
“too salty” does not activate any existing goals to eat less salty foods.

External factors may also contribute to the ineffectiveness of cognitive (priming) and affect
interventions. The noodle shops were small in size, and we were limited as to where we could
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place the information sheet. For instance, we were not always able to place the sheet at eye
level or close enough to the fish sauce bottle. Moreover, there were typically many customers
occupying the front of the shop during busy hours, crowding out the sign. In addition, many
shops typically have other signs already in place, e.g. menus, announcements from the univer-
sity, and other health-related information sheets, making our sign not as noticeable as it should
be. Given these environmental settings, many people may have missed the information sheet
or may not have had time to take a look. Many studies support this observation, as it has been
shown that real-life settings often have many distractions that can reduce the effectiveness of
interventions compared to interventions implemented in laboratory settings [36-38].

Overall, our results align with Cadario and Chandon’s [22] meta-analysis of nudges, which
found that the type of nudge showing the largest effect was behavior-oriented nudges followed
by affective-oriented nudges, with the least effective nudges being cognitive-oriented
interventions.

It was interesting to find significant canteen differences for some of the outcome measure-
ments. This could be an indication of either differences in the noodles provided (e.g., some
canteens may provide noodles that are tastier with larger amounts of fish sauce already added),
differences in the subpopulations being served by those canteens (e.g., faculty may prefer to
use a particular canteen; there could be gender or age differences in the subpopulations that
may explain canteen-specific differences), or other canteen-specific factors not captured by the
model. One difference in subpopulations that can be observed from different canteens is that
canteen C has more foreign students and faculty who frequent it compared to other canteens.
The fish sauce adding behavior is more common among Thais and may explain why canteen
C had the lowest percentage of bowls to which fish sauce was added and lowest amount of fish
sauce used per bowls sold per day. But when compared with fish sauce used per bowls to
which fish sauce was added, there was no difference.

Non-significant results or minimal differences by week or weekday blocking factors were
expected, since menus offered were not changed throughout the week, and no significant
intra- or inter-week differences were expected a priori in terms of the consumer population.

In terms of the limitations of the study, the outcome measurement reflected only how
much fish sauce was added to the noodle bowls, not how much fish sauce was actually con-
sumed, which the latter would be a more accurate measure of the potential impact on one’s
health. As for the Latin study design, it must be taken into account that consumers may visit
more than one canteen over the course of the experimental period. This means that any given
consumer may be exposed to several interventions within the same week, which may have an
impact on the outcomes.

In summary, this study supports the current literature that changes in the micro-environ-
ment can be effective in altering behavior. In our case, behavior-oriented nudges that encour-
age physical capability through the use of a fish sauce bowl and spoon was shown to be the
most effective as they empowered people to better gauge the amount of fish sauce they were
adding to their noodles, while also making it less convenient. Policy to reduce sodium intake
in the Thai population can build on these behavioral insights by developing policy guidelines
changing how fish sauce is served, e.g. from a bottle to a bowl with a spoon. The size of the
spoon matters in terms of the amount of fish sauce added; the smaller the spoon, the less fish
sauce is added. Using a regular spoon, but smaller in size, can be as effective as the special
spoon, but more practical and cost-effective as there are no additional production costs. From
the study, it is also recommended that there should be a lid to cover the bowl of fish sauce for
sanitary reasons. The behavior-oriented nudge to reduce sodium intake in the population by
changing the serving container to be less convenient for customers can be applied to other set-
tings in Southeast Asian countries where adding condiments at the table is widely practiced.
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As for priming and affective-oriented nudges, further studies are required to better tailor mes-
sages that align more with the target population’s goals. For consumers to stop adding fish
sauce altogether, further studies are needed to explore other types of interventions, especially
the availability and proximity of fish sauce.

Supporting information

S1 Table. Intervention, number of bowls sold, grams of fish sauce used, and number of
bowls in which fish sauce was added by week.
(DOCX)

S2 Table. Model results for the outcome measurement: Amount of fish sauce used (grams)
per bowl sold per day for the secondary analysis.
(DOCX)

$3 Table. Model results for the outcome measurement: Amount of fish sauce used (grams)
per bowl to which fish sauce was added per day for the secondary analysis.
(DOCX)

S4 Table. Model results for the outcome measurement: % Bowls to which fish sauce was
added per bowl sold per day for the secondary analysis.
(DOCX)

§5 Table. Overall model statistics across outcome measurements for the secondary analy-
sis.
(DOCX)

S1 Dataset.
(Z1P)

Acknowledgments

The authors would like to thank all the departments and faculties, canteens, and noodle shops
at Mahidol University who participated in the study.

Author Contributions

Conceptualization: Churnrurtai Kanchanachitra, Ivo Vlaev.

Data curation: Manasigan Kanchanachitra, Chalermpol Chamchan, Laura Gunn.
Formal analysis: Manasigan Kanchanachitra, Laura Gunn.

Funding acquisition: Churnrurtai Kanchanachitra.

Investigation: Manasigan Kanchanachitra, Chalermpol Chamchan, Kanyapat Suttikasem.
Methodology: Laura Gunn, Ivo Vlaev.

Project administration: Kanyapat Suttikasem.

Supervision: Manasigan Kanchanachitra, Chalermpol Chamchan.

Writing - original draft: Manasigan Kanchanachitra, Chalermpol Chamchan, Churnrurtai
Kanchanachitra, Kanyapat Suttikasem, Laura Gunn.

Writing - review & editing: Manasigan Kanchanachitra, Ivo Vlaev.

PLOS ONE | https://doi.org/10.1371/journal.pone.0238642 September 8, 2020 15/18


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0238642.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0238642.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0238642.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0238642.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0238642.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0238642.s006
https://doi.org/10.1371/journal.pone.0238642

PLOS ONE

Interventions to reduce fish sauce consumption in Thailand

References

1.

10.

11.

12.

13.

14.

Forouzanfar MH, Afshin A, Alexander LT, Anderson HR, Bhutta ZA, Biryukov S, et al. Global, regional,
and national comparative risk assessment of 79 behavioural, environmental and occupational, and met-
abolic risks or clusters of risks, 1990-2015: a systematic analysis for the Global Burden of Disease
Study 2015. The Lancet. 2016; 388(10053):1659-724. https://doi.org/10.1016/S0140-6736(16)31679-
8 PMID: 27733284

Powles J, Fahimi S, Micha R, Khatibzadeh S, Shi P, Ezzati M, et al. Global, regional and national
sodium intakes in 1990 and 2010: a systematic analysis of 24h urinary sodium excretion and dietary sur-
veys worldwide. BMJ Open. 2013; 3(12):e003733. https://doi.org/10.1136/bmjopen-2013-003733
PMID: 24366578

World Health Organization. Guideline: Sodium intake for adults and children. Geneva, Switzerland:
World Health Organization (WHO); [Internet]. 2012. [Cited 2019 November 10] Avialable: https://www.
who.int/nutrition/publications/guidelines/sodium_intake_printversion.pdf.

Amarra S, Khor GL. Sodium Consumption in Southeast Asia: An Updated Review of Intake Levels and
Dietary Sources in Six Countries. In: Bendich A, Deckelbaum RJ, editors. Preventive Nutrition: The
Comprehensive Guide for Health Professionals. Fifth ed. Switzerland: Springer International Publish-
ing 2015. p. 765-92.

National Statistical Office. The 2017 Food Consumption Behavior Survey. Bangkok. [Internet]. 2017.
[Cited 2019 November 10] Avialable: http://www.nso.go.th/sites/2014/DocLib13/%E0%B8%94%E0%
B9%89%E0%B8%B2%E0%B8%99%E0%B8%AA%E0%B8%B1%E0%B8%87%E0%B8%84%E0%
B8%A1/%E0%B8%AA%E0%B8%B2%E0%B8%82%E0%B8%B2%E0%B8%AA%E0%B8%B8%E0%
B8%82%E0%B8%A0%E0%B8%B2%E0%B8%9E/Food_consumption_behavior_of_the_population/
2560/%E0%B8%A3%E0%B8%B2%E0%B8%A2%E0%B8%87 %E0%B8%B2%E0%B8%99%E0%
B8%89%E0%B8%9A%E0%B8%B1%E0%B8%9A%E0%B8%AA%E0%B8%A1%E0%B8%9A%E0%
B8%B9%E0%B8%A3%E0%B8%93%E0%B9%8C.pdf

National Health Exam Survey Office. Thai food consumption survey report under the 4th National health
exam survey. Health System Research Institute, Thai Health Promotion Foundation, National Health
Security Office, Ministry of Public Health, 2011. [Cited 2020 August 5] Available: https://www.hiso.or.th/
hiso/picture/reportHealth/report/report7.pdf.

Pavadhgul P, Sunthonwaraluk S, Srisorachatr S, Temcharoen P. Dietary sodium intake by semi-quanti-
tative food frequency questionnaire among undergraduate students of Mahidol University. J Med Assoc
Thai. 2009; 92 Suppl 7:S75-82. Epub 2010/03/18. PMID: 20235360.

World Health Organization. Global action plan for the prevention and control of noncommunicable dis-
eases 2013-2020. [Internet]. 2013. [Cited 2019 November 10] Avialable: https://apps.who.int/iris/
bitstream/handle/10665/94384/9789241506236_eng.pdf;jsessionid=
B531AD3B39723AC8D05CB77539980773?sequence=1. https://doi.org/10.1016/j.pcad.2013.09.001

The National Health Assembly. The Resolution on Framework for Implementation, Monitoring and Eval-
uation on National Non-Communicable Disease Prevention and Control. [Internet]. 2013. [Cited 2019
November 10] Avialable:https://www.samatcha.org/sites/default/files/document/0602-Main-6-6.pdf (in
Thai)

The National Health Assembly. The resolution on Policy on reduced salt and sodium consumption for
NCD'’s reduction. [Internet] 2015. [Cited 2019 November 10] Avialable: https://en.nationalhealth.or.th/
wp-content/uploads/2017/09/4_1salt-sodium-main.pdf.

Department of Disease Control MoPH. Strategy to reduce salt and sodium consumption in Thailand B.E
2559-2568 (A.D 2016—2025) Bangkok: WVO Officer of Printing Mill; [Internet]. 2016. [Cited 2019
November 10] Avialable:http://thaincd.com/document/file/info/non-communicable-disease/%E0%B8%
A2%E0%B8%B8%E0%B8%97%E0%B8%98%E 0%B8%A8%E0%B8%B2%E0%B8%95%E0%B8%
A3%E0%B9%8C%E0%B8%A5%E0%B8%94%E0%B8%9A%E0%B8%A3%E0%B8%B4%E0%B9%
82%E0%B8%A0%E0%B8%84%E0%B9%81%E0%B8%A5%E0%B8%B0%E0%B9%82%E0%B8%
8B%E0%B9%80%E0%B8%94%E0%B8%B4%E0%B8%A1%E0%B8%AF .pdf. (in Thai)

Notification of Ministry of Public Health Food products required to bear nutrition labelling and energy
value, sugar, fat, sodium on the labels of some kinds of foods Guideline Daily Amounts, GDA Labelling,
No. 374 (B.E.2559 (A.D 2016)) [Internet]. [Cited 2019 November 10] Avialable:http://www.spsthailand.
net/admin/admin_stdata/FileSPS/Text%20TBT%20THA%20215%20R.1A.1.pdf (in Thai)

Notification of Ministry of Public Health (No. 394) B.E.2561 (2018) Issued by virtue of the Food Act B.E.
2522, Food products Required to bear Nutrition Labelling and Guideline Daily Amounts, GDA Labelling.
[Internet]. [Cited 2019 November 10] Avialable:http://food.fda.moph.go.th/law/data/announ_moph/V.
English/No.394.pdf. (in Thai)

Arno A, Thomas S. The efficacy of nudge theory strategies in influencing adult dietary behaviour: a sys-
tematic review and meta-analysis. BMC Public Health. 2016; 16(1):676. https://doi.org/10.1186/
$12889-016-3272-x PMID: 27475752

PLOS ONE | https://doi.org/10.1371/journal.pone.0238642 September 8, 2020 16/18


https://doi.org/10.1016/S0140-6736%2816%2931679-8
https://doi.org/10.1016/S0140-6736%2816%2931679-8
http://www.ncbi.nlm.nih.gov/pubmed/27733284
https://doi.org/10.1136/bmjopen-2013-003733
http://www.ncbi.nlm.nih.gov/pubmed/24366578
https://www.who.int/nutrition/publications/guidelines/sodium_intake_printversion.pdf
https://www.who.int/nutrition/publications/guidelines/sodium_intake_printversion.pdf
http://www.nso.go.th/sites/2014/DocLib13/%E0%B8%94%E0%B9%89%E0%B8%B2%E0%B8%99%E0%B8%AA%E0%B8%B1%E0%B8%87%E0%B8%84%E0%B8%A1/%E0%B8%AA%E0%B8%B2%E0%B8%82%E0%B8%B2%E0%B8%AA%E0%B8%B8%E0%B8%82%E0%B8%A0%E0%B8%B2%E0%B8%9E/Food_consumption_behavior_of_the_population/2560/%E0%B8%A3%E0%B8%B2%E0%B8%A2%E0%B8%87%E0%B8%B2%E0%B8%99%E0%B8%89%E0%B8%9A%E0%B8%B1%E0%B8%9A%E0%B8%AA%E0%B8%A1%E0%B8%9A%E0%B8%B9%E0%B8%A3%E0%B8%93%E0%B9%8C.pdf
http://www.nso.go.th/sites/2014/DocLib13/%E0%B8%94%E0%B9%89%E0%B8%B2%E0%B8%99%E0%B8%AA%E0%B8%B1%E0%B8%87%E0%B8%84%E0%B8%A1/%E0%B8%AA%E0%B8%B2%E0%B8%82%E0%B8%B2%E0%B8%AA%E0%B8%B8%E0%B8%82%E0%B8%A0%E0%B8%B2%E0%B8%9E/Food_consumption_behavior_of_the_population/2560/%E0%B8%A3%E0%B8%B2%E0%B8%A2%E0%B8%87%E0%B8%B2%E0%B8%99%E0%B8%89%E0%B8%9A%E0%B8%B1%E0%B8%9A%E0%B8%AA%E0%B8%A1%E0%B8%9A%E0%B8%B9%E0%B8%A3%E0%B8%93%E0%B9%8C.pdf
http://www.nso.go.th/sites/2014/DocLib13/%E0%B8%94%E0%B9%89%E0%B8%B2%E0%B8%99%E0%B8%AA%E0%B8%B1%E0%B8%87%E0%B8%84%E0%B8%A1/%E0%B8%AA%E0%B8%B2%E0%B8%82%E0%B8%B2%E0%B8%AA%E0%B8%B8%E0%B8%82%E0%B8%A0%E0%B8%B2%E0%B8%9E/Food_consumption_behavior_of_the_population/2560/%E0%B8%A3%E0%B8%B2%E0%B8%A2%E0%B8%87%E0%B8%B2%E0%B8%99%E0%B8%89%E0%B8%9A%E0%B8%B1%E0%B8%9A%E0%B8%AA%E0%B8%A1%E0%B8%9A%E0%B8%B9%E0%B8%A3%E0%B8%93%E0%B9%8C.pdf
http://www.nso.go.th/sites/2014/DocLib13/%E0%B8%94%E0%B9%89%E0%B8%B2%E0%B8%99%E0%B8%AA%E0%B8%B1%E0%B8%87%E0%B8%84%E0%B8%A1/%E0%B8%AA%E0%B8%B2%E0%B8%82%E0%B8%B2%E0%B8%AA%E0%B8%B8%E0%B8%82%E0%B8%A0%E0%B8%B2%E0%B8%9E/Food_consumption_behavior_of_the_population/2560/%E0%B8%A3%E0%B8%B2%E0%B8%A2%E0%B8%87%E0%B8%B2%E0%B8%99%E0%B8%89%E0%B8%9A%E0%B8%B1%E0%B8%9A%E0%B8%AA%E0%B8%A1%E0%B8%9A%E0%B8%B9%E0%B8%A3%E0%B8%93%E0%B9%8C.pdf
http://www.nso.go.th/sites/2014/DocLib13/%E0%B8%94%E0%B9%89%E0%B8%B2%E0%B8%99%E0%B8%AA%E0%B8%B1%E0%B8%87%E0%B8%84%E0%B8%A1/%E0%B8%AA%E0%B8%B2%E0%B8%82%E0%B8%B2%E0%B8%AA%E0%B8%B8%E0%B8%82%E0%B8%A0%E0%B8%B2%E0%B8%9E/Food_consumption_behavior_of_the_population/2560/%E0%B8%A3%E0%B8%B2%E0%B8%A2%E0%B8%87%E0%B8%B2%E0%B8%99%E0%B8%89%E0%B8%9A%E0%B8%B1%E0%B8%9A%E0%B8%AA%E0%B8%A1%E0%B8%9A%E0%B8%B9%E0%B8%A3%E0%B8%93%E0%B9%8C.pdf
http://www.nso.go.th/sites/2014/DocLib13/%E0%B8%94%E0%B9%89%E0%B8%B2%E0%B8%99%E0%B8%AA%E0%B8%B1%E0%B8%87%E0%B8%84%E0%B8%A1/%E0%B8%AA%E0%B8%B2%E0%B8%82%E0%B8%B2%E0%B8%AA%E0%B8%B8%E0%B8%82%E0%B8%A0%E0%B8%B2%E0%B8%9E/Food_consumption_behavior_of_the_population/2560/%E0%B8%A3%E0%B8%B2%E0%B8%A2%E0%B8%87%E0%B8%B2%E0%B8%99%E0%B8%89%E0%B8%9A%E0%B8%B1%E0%B8%9A%E0%B8%AA%E0%B8%A1%E0%B8%9A%E0%B8%B9%E0%B8%A3%E0%B8%93%E0%B9%8C.pdf
http://www.nso.go.th/sites/2014/DocLib13/%E0%B8%94%E0%B9%89%E0%B8%B2%E0%B8%99%E0%B8%AA%E0%B8%B1%E0%B8%87%E0%B8%84%E0%B8%A1/%E0%B8%AA%E0%B8%B2%E0%B8%82%E0%B8%B2%E0%B8%AA%E0%B8%B8%E0%B8%82%E0%B8%A0%E0%B8%B2%E0%B8%9E/Food_consumption_behavior_of_the_population/2560/%E0%B8%A3%E0%B8%B2%E0%B8%A2%E0%B8%87%E0%B8%B2%E0%B8%99%E0%B8%89%E0%B8%9A%E0%B8%B1%E0%B8%9A%E0%B8%AA%E0%B8%A1%E0%B8%9A%E0%B8%B9%E0%B8%A3%E0%B8%93%E0%B9%8C.pdf
https://www.hiso.or.th/hiso/picture/reportHealth/report/report7.pdf
https://www.hiso.or.th/hiso/picture/reportHealth/report/report7.pdf
http://www.ncbi.nlm.nih.gov/pubmed/20235360
https://apps.who.int/iris/bitstream/handle/10665/94384/9789241506236_eng.pdf;jsessionid=B531AD3B39723AC8D05CB77539980773?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/94384/9789241506236_eng.pdf;jsessionid=B531AD3B39723AC8D05CB77539980773?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/94384/9789241506236_eng.pdf;jsessionid=B531AD3B39723AC8D05CB77539980773?sequence=1
https://doi.org/10.1016/j.pcad.2013.09.001
https://www.samatcha.org/sites/default/files/document/0602-Main-6-6.pdf
https://en.nationalhealth.or.th/wp-content/uploads/2017/09/4_1salt-sodium-main.pdf
https://en.nationalhealth.or.th/wp-content/uploads/2017/09/4_1salt-sodium-main.pdf
http://thaincd.com/document/file/info/non-communicable-disease/%E0%B8%A2%E0%B8%B8%E0%B8%97%E0%B8%98%E0%B8%A8%E0%B8%B2%E0%B8%95%E0%B8%A3%E0%B9%8C%E0%B8%A5%E0%B8%94%E0%B8%9A%E0%B8%A3%E0%B8%B4%E0%B9%82%E0%B8%A0%E0%B8%84%E0%B9%81%E0%B8%A5%E0%B8%B0%E0%B9%82%E0%B8%8B%E0%B9%80%E0%B8%94%E0%B8%B4%E0%B8%A1%E0%B8%AF.pdf
http://thaincd.com/document/file/info/non-communicable-disease/%E0%B8%A2%E0%B8%B8%E0%B8%97%E0%B8%98%E0%B8%A8%E0%B8%B2%E0%B8%95%E0%B8%A3%E0%B9%8C%E0%B8%A5%E0%B8%94%E0%B8%9A%E0%B8%A3%E0%B8%B4%E0%B9%82%E0%B8%A0%E0%B8%84%E0%B9%81%E0%B8%A5%E0%B8%B0%E0%B9%82%E0%B8%8B%E0%B9%80%E0%B8%94%E0%B8%B4%E0%B8%A1%E0%B8%AF.pdf
http://thaincd.com/document/file/info/non-communicable-disease/%E0%B8%A2%E0%B8%B8%E0%B8%97%E0%B8%98%E0%B8%A8%E0%B8%B2%E0%B8%95%E0%B8%A3%E0%B9%8C%E0%B8%A5%E0%B8%94%E0%B8%9A%E0%B8%A3%E0%B8%B4%E0%B9%82%E0%B8%A0%E0%B8%84%E0%B9%81%E0%B8%A5%E0%B8%B0%E0%B9%82%E0%B8%8B%E0%B9%80%E0%B8%94%E0%B8%B4%E0%B8%A1%E0%B8%AF.pdf
http://thaincd.com/document/file/info/non-communicable-disease/%E0%B8%A2%E0%B8%B8%E0%B8%97%E0%B8%98%E0%B8%A8%E0%B8%B2%E0%B8%95%E0%B8%A3%E0%B9%8C%E0%B8%A5%E0%B8%94%E0%B8%9A%E0%B8%A3%E0%B8%B4%E0%B9%82%E0%B8%A0%E0%B8%84%E0%B9%81%E0%B8%A5%E0%B8%B0%E0%B9%82%E0%B8%8B%E0%B9%80%E0%B8%94%E0%B8%B4%E0%B8%A1%E0%B8%AF.pdf
http://thaincd.com/document/file/info/non-communicable-disease/%E0%B8%A2%E0%B8%B8%E0%B8%97%E0%B8%98%E0%B8%A8%E0%B8%B2%E0%B8%95%E0%B8%A3%E0%B9%8C%E0%B8%A5%E0%B8%94%E0%B8%9A%E0%B8%A3%E0%B8%B4%E0%B9%82%E0%B8%A0%E0%B8%84%E0%B9%81%E0%B8%A5%E0%B8%B0%E0%B9%82%E0%B8%8B%E0%B9%80%E0%B8%94%E0%B8%B4%E0%B8%A1%E0%B8%AF.pdf
http://www.spsthailand.net/admin/admin_stdata/FileSPS/Text%20TBT%20THA%20215%20R.1A.1.pdf
http://www.spsthailand.net/admin/admin_stdata/FileSPS/Text%20TBT%20THA%20215%20R.1A.1.pdf
http://food.fda.moph.go.th/law/data/announ_moph/V.English/No.394.pdf
http://food.fda.moph.go.th/law/data/announ_moph/V.English/No.394.pdf
https://doi.org/10.1186/s12889-016-3272-x
https://doi.org/10.1186/s12889-016-3272-x
http://www.ncbi.nlm.nih.gov/pubmed/27475752
https://doi.org/10.1371/journal.pone.0238642

PLOS ONE

Interventions to reduce fish sauce consumption in Thailand

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Vasiljevic M, Cartwright E, Pechey R, Hollands GJ, Couturier D-L, Jebb SA, et al. Physical micro-envi-
ronment interventions for healthier eating in the workplace: protocol for a stepped wedge randomised
controlled pilot trial. Pilot and Feasibility Studies. 2017; 3(1):27. https://doi.org/10.1186/s40814-017-
0141-z PMID: 28616251

Thaler RH, Sunstein CR. Nudge: Improving decisions about health, wealth, and happiness. CT, USA:
Yale University Press; 2008.

Dolan P, Hallsworth M, Halpern D, King D, Metcalfe R, Vlaev I. Influencing behaviour: The mindspace
way. Journal of Economic Psychology. 2012; 33(1):264—77. https://doi.org/10.1016/j.joep.2011.10.009.

Behavioural Insights Team Cabinet Office. Applying behavioural insight to health London: The National
Archives; [Internet]. 2010. [Cited 2019 November 10] Avialable: https://assets.publishing.service.gov.
uk/government/uploads/system/uploads/attachment_data/file/60524/403936_Behaviourallnsight_acc.
pdf.

Michie S, van Stralen MM, West R. The behaviour change wheel: A new method for characterising and
designing behaviour change interventions. Implementation Science. 2011; 6(1):42. https://doi.org/10.
1186/1748-5908-6-42 PMID: 21513547

Vlaev |, Nieboer J, Martin S, Dolan P. How behavioural science can improve financial advice services.
Journal of Financial Services Marketing. 2015; 20(1):74—88. https://doi.org/10.1057/fsm.2015.1

Bucher T, Collins C, Rollo ME, McCaffrey TA, De Vlieger N, Van der Bend D, et al. Nudging consumers
towards healthier choices: a systematic review of positional influences on food choice. British Journal of
Nutrition. 2016; 115(12):2252—63. Epub 2016/04/29. https://doi.org/10.1017/S0007114516001653
PMID: 27185414

Cadario R, Chandon P. Which Healthy Eating Nudges Work Best? A Meta-Analysis of Field Experi-
ments. Marketing Science. 2019; 39(3):465-86. https://doi.org/10.1287/mksc.2018.1128

Dombrowski SU, Sniehotta FF, Avenell A, Johnston M, MacLennan G, Aradjo-Soares V. Identifying
active ingredients in complex behavioural interventions for obese adults with obesity-related co-morbidi-
ties or additional risk factors for co-morbidities: a systematic review. Health Psychology Review. 2012;
6(1):7-32. https://doi.org/10.1080/17437199.2010.513298

Michie S, Abraham C, Whittington C, McAteer J, Gupta S. Effective techniques in healthy eating and
physical activity interventions: a meta-regression. Health Psychol. 2009; 28(6):690-701. Epub 2009/11/
18. https://doi.org/10.1037/a0016136 PMID: 19916637.

Hollands GJ, Bignardi G, Johnston M, Kelly MP, Ogilvie D, Petticrew M, et al. The TIPPME intervention
typology for changing environments to change behaviour. Nature Human Behaviour. 2017; 1(8):0140.
https://doi.org/10.1038/s41562-017-0140

Geier AB, Rozin P, Doros G. Unit Bias: A New Heuristic That Helps Explain the Effect of Portion Size on
Food Intake. Psychological Science. 2006; 17(6):521-5. https://doi.org/10.1111/j.1467-9280.2006.
01738.x PMID: 16771803

Rozin P, Scott SE, Dingley M, Urbanek JK, Jiang H, Kaltenbach M. Nudge to nobesity I: Minor changes
in accessibility decrease food intake. Judgment and Decision Making. 2011; 6(4):323-32.

Wilson AL, Buckley E, Buckley JD, Bogomolova S. Nudging healthier food and beverage choices
through salience and priming. Evidence from a systematic review. Food Quality and Preference. 2016;
51:47-64. https://doi.org/10.1016/j.foodqual.2016.02.009.

Diano M, Celeghin A, Bagnis A, Tamietto M. Amygdala Response to Emotional Stimuli without Aware-
ness: Facts and Interpretations. Frontiers in Psychology. 2017; 7(2029). https://doi.org/10.3389/fpsyg.
2016.02029 PMID: 28119645

Privitera GJ, Zuraikat FM. Proximity of foods in a competitive food environment influences consumption
of alow calorie and a high calorie food. Appetite.2014; 76:175-9. https://doi.org/10.1016/j.appet.2014.
02.004 PMID: 24560689

Bauer JM, Reisch LA. Behavioural Insights and (Un)healthy Dietary Choices: a Review of Current Evi-
dence. Journal of Consumer Policy. 2019; 42(1):3—45. https://doi.org/10.1007/s10603-018-9387-y

Buckland NJ, Finlayson G, Hetherington MM. Pre-exposure to diet-congruent food reduces energy
intake in restrained dieting women. Eating Behaviors. 2013; 14(3):249-54. https://doi.org/10.1016/}.
eatbeh.2013.03.003 PMID: 23910761

Coelho JS, Polivy J, Peter Herman C, Pliner P. Wake up and smell the cookies. Effects of olfactory
food-cue exposure in restrained and unrestrained eaters. Appetite. 2009; 52(2):517-20. https://doi.org/
10.1016/j.appet.2008.10.008 PMID: 19028533

Forwood SE, Ahern AL, Hollands GJ, Ng Y-L, Marteau TM. Priming healthy eating. You can’t prime all
the people all of the time. Appetite. 2015; 89:93—102. https://doi.org/10.1016/j.appet.2015.01.018
PMID: 25636234

PLOS ONE | https://doi.org/10.1371/journal.pone.0238642 September 8, 2020 17/18


https://doi.org/10.1186/s40814-017-0141-z
https://doi.org/10.1186/s40814-017-0141-z
http://www.ncbi.nlm.nih.gov/pubmed/28616251
https://doi.org/10.1016/j.joep.2011.10.009
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/60524/403936_BehaviouralInsight_acc.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/60524/403936_BehaviouralInsight_acc.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/60524/403936_BehaviouralInsight_acc.pdf
https://doi.org/10.1186/1748-5908-6-42
https://doi.org/10.1186/1748-5908-6-42
http://www.ncbi.nlm.nih.gov/pubmed/21513547
https://doi.org/10.1057/fsm.2015.1
https://doi.org/10.1017/S0007114516001653
http://www.ncbi.nlm.nih.gov/pubmed/27185414
https://doi.org/10.1287/mksc.2018.1128
https://doi.org/10.1080/17437199.2010.513298
https://doi.org/10.1037/a0016136
http://www.ncbi.nlm.nih.gov/pubmed/19916637
https://doi.org/10.1038/s41562-017-0140
https://doi.org/10.1111/j.1467-9280.2006.01738.x
https://doi.org/10.1111/j.1467-9280.2006.01738.x
http://www.ncbi.nlm.nih.gov/pubmed/16771803
https://doi.org/10.1016/j.foodqual.2016.02.009
https://doi.org/10.3389/fpsyg.2016.02029
https://doi.org/10.3389/fpsyg.2016.02029
http://www.ncbi.nlm.nih.gov/pubmed/28119645
https://doi.org/10.1016/j.appet.2014.02.004
https://doi.org/10.1016/j.appet.2014.02.004
http://www.ncbi.nlm.nih.gov/pubmed/24560689
https://doi.org/10.1007/s10603-018-9387-y
https://doi.org/10.1016/j.eatbeh.2013.03.003
https://doi.org/10.1016/j.eatbeh.2013.03.003
http://www.ncbi.nlm.nih.gov/pubmed/23910761
https://doi.org/10.1016/j.appet.2008.10.008
https://doi.org/10.1016/j.appet.2008.10.008
http://www.ncbi.nlm.nih.gov/pubmed/19028533
https://doi.org/10.1016/j.appet.2015.01.018
http://www.ncbi.nlm.nih.gov/pubmed/25636234
https://doi.org/10.1371/journal.pone.0238642

PLOS ONE

Interventions to reduce fish sauce consumption in Thailand

35.

36.

37.

38.

Papies E, Hamstra P. Goal Priming and Eating Behavior: Enhancing Self-Regulation by Environmental
Cues. Health psychology: official journal of the Division of Health Psychology, American Psychological
Association. 2010; 29:384—8. https://doi.org/10.1037/a0019877 PMID: 20658825

Cantu-Jungles TM, McCormack LA, Slaven JE, Slebodnik M, Eicher-Miller HA. A Meta-Analysis to
Determine the Impact of Restaurant Menu Labeling on Calories and Nutrients (Ordered or Consumed)
in U.S. Adults. Nutrients. 2017; 9(10). https://doi.org/10.3390/nu9101088 PMID: 28973989

Long MW, Tobias DK, Cradock AL, Batchelder H, Gortmaker SL. Systematic Review and Meta-analysis
of the Impact of Restaurant Menu Calorie Labeling. American Journal of Public Health. 2015; 105(5):
e11-e24. https://doi.org/10.2105/AJPH.2015.302570 PMID: 25790388

Sacco J, Lillico HG, Chen E, Hobin E. The influence of menu labelling on food choices among children
and adolescents: a systematic review of the literature. Perspect Public Health. 2017; 137(3):173-81.
Epub 2016/07/21. https://doi.org/10.1177/1757913916658498 PMID: 27436235.

PLOS ONE | https://doi.org/10.1371/journal.pone.0238642 September 8, 2020 18/18


https://doi.org/10.1037/a0019877
http://www.ncbi.nlm.nih.gov/pubmed/20658825
https://doi.org/10.3390/nu9101088
http://www.ncbi.nlm.nih.gov/pubmed/28973989
https://doi.org/10.2105/AJPH.2015.302570
http://www.ncbi.nlm.nih.gov/pubmed/25790388
https://doi.org/10.1177/1757913916658498
http://www.ncbi.nlm.nih.gov/pubmed/27436235
https://doi.org/10.1371/journal.pone.0238642

