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Abstract

Background The epidemic of non-communicable diseases (NCDs) is a growing concern worldwide and Singapore is
no exception to this global trend. As part of measures to address this concern, the Singapore government will imple-
ment a mandatory color-coded front-of-package (FOP) nutrition label for beverages, called Nutri-Grade (NG), which
will complement the existing FOP label, Healthier Choice Symbol (HCS) logos, currently displayed on select food and
beverage items. NG grades beverages on a four-point scale, A (healthiest) to D (least healthy), in terms of sugar and
saturated fat levels. This study aimed to evaluate the effectiveness of the NG label on nutritional quality of pre-pack-
aged beverages using a fully functional online grocery store.

Methods We conducted a 2-arm crossover trial involving actual purchases with 138 participants randomly exposed
to: 1) Control with HCS logos displayed on qualifying items; 2) Similar to Control except that all beverages displayed
the NG label. The effects of the NG label were estimated using a linear mixed-effects model that addresses correla-
tions between repeated measures and accommodates missing data.

Results We found that the NG label encouraged consumers to choose beverages with higher ratings. This led to a
reduction in sugar from beverages purchased by 1.51 g [95% Cl: — 2.68, — 0.34] per serving but was not effective at
reducing saturated fat purchased (—0.009 g [95% Cl: — 0.22, 0.20]) per serving or improvements in overall diet quality,
measured by the weighted (by the number of servings) average Nutri-Score value ranging from 1 to 5 (—0.024 [95%
Cl: —0.13,0.08)).

Conclusions Results suggest that the Nutri-Grade label is likely to reduce sugar purchased from beverages. However,
to improve overall diet quality in Singapore, additional measures will be needed.

Trial registration This trial was registered on ClinicalTrials.gov under the identifier: NCT05018026 on 24th August
2021.

Keywords Nutri-grade labels, Front-of-pack beverage labels, Sugar-sweetened beverages, Diet quality, Online
grocery store, Singapore
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is equivalent to 71% of global deaths [1]. A large body
of literature shows that poor diet quality is a key driver
of this global health challenge [2—-6]. Of particular con-
cern is excess consumption of sugar, particularly from
sugar-sweetened beverages (SSBs) [7, 8]. Their liquid
form and rapid digestion make sugar consumption
easier and faster compared with solid foods [9-11]. As
a result, SSBs are a primary contributor to obesity and
NCDs [12].

Singapore is no exception to the global trend of poor
diet quality and rising NCDs. The 2018 National Nutri-
tion Survey showed that Singaporean adults consumed
an average of 60 g of sugar daily (10 grams above the daily
recommended intake), more than half of which came
from SSBs [13]. The city-state now has the highest preva-
lence of diabetes among developed countries [14]. In
efforts to address this concern, the Singapore Health Pro-
motion Board (HPB) has taken a series of measures. One
is to implement a mandatory front-of-pack (FOP) nutri-
tion label, called Nutri-Grade (NG), that will be imple-
mented in December 2022 [15].

NG grades freshly-prepared and pre-packaged bever-
ages on a four-point scale, in terms of sugar and satu-
rated fat levels, the two primary nutrients of concern for
beverages. The grading system works by first assigning
each beverage a grade, A (healthiest) to D (least healthy),
according to sugar thresholds per 100ml. Beverages
may also be downgraded (but never upgraded) based on
saturated fat thresholds per 100 ml. The beverages most
likely to be downgraded are dairy beverages, including
full cream and flavoured milks. The NG labels will be
mandatory only for Grades C and D beverages [16]. In
terms of display, the NG label appears similar to France’s
Nutri-Score (NS), which has been shown to positively
influence diet quality [17-19], although the NG also dis-
plays the percentage of sugar in the beverage (see Fig. 1).
However, whereas NS applies to both foods and bever-
ages, NG is limited to beverages. The NG label will com-
plement the existing positive Healthier Choice Symbol
(HCS) logos currently displayed on select food and bev-
erage items. These labels are voluntary, but most manu-
facturers include the label on qualifying products. There
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are currently over 4000 products showing one of 30 HCS
logos, spanning across over 100 food categories.

This study aims to evaluate the impact of the NG label
on 1) beverage product selection (measured by weighted
(by the number of servings) average NG score of bever-
ages purchased, where A=4, .., D=1) and 2) nutritional
quality (average sugar, saturated fat, and calories per
serving) of beverages purchased using an online grocery
platform and shoppers in Singapore. Although NG will
be mandatory only for Grade C or D beverages, in this
study the full range of grades was displayed as the HCS
experience suggests that manufacturers are likely to dis-
play the labels on their healthier products.

Although the label is soon to be implemented, the use
of the experimental online grocery store allows us to
quantify the effects of the label independent of real-world
confounders. This includes not only other food policies,
including an SSB advertisement prohibition that will be
implemented simultaneously with Nutri-Grade, but also
other confounders, such as changes in retail prices and
employment rates. By using randomization and a con-
trol condition, our estimates of the causal effects of the
label will inform policymakers of any potential intended
and unintended consequences of the labels on food
purchases.

Beyond the local relevance, this study contributes to
the growing literature on FOP nutrition labelling in gen-
eral and specifically with regards to color-coded graded
labels. The Singapore HPB chose to focus on these labels
because they are generally well understood by consum-
ers, effective at promoting healthier food choices [17, 20,
21], and relatively free from unintended consequences
such as ‘health halo’ effects [22—-24]. However, how this
specific approach to color-coded labels performs is ulti-
mately an empirical question that this study will address.

As specified in the Trial Registry (ClinicalTrials.gov),
we expect that the labels are likely to shift beverage
demand towards healthier beverages, defined as those
with the NG A & B grades, and improve nutritional qual-
ity of beverages purchased. We also tested if the NG
labels influence nutritional quality of all foods and bev-
erages (F&B) purchased. This depends on the extent to
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Fig. 1 Nutri-Grade label D for a beverage (Left); Nutri-Score label E for a food or beverage (Right)
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which diet quality (in terms of sugar and saturated fat)
of beverages purchased increases and whether consum-
ers compensate for any healthier beverages purchased by
purchasing less healthy foods [25, 26]. Focusing on bev-
erages only also allows for determining whether there
may be unintended consequences in terms of additional
beverage purchases of nutrients of concern (e.g., sodium)
that are not targeted in the NG label. This effort will pro-
vide evidence of the potential effectiveness of the NG
label in Singapore.

Methods

Online grocery store platform: NUSMart

This study takes advantage of the NUSMart, online exper-
imental grocery store, developed by the research team.
NUSMart was designed for research purposes to mimic
actual web-based grocery stores in Singapore in both look
and feel. To populate the store with local products and
prices, we collaborated with one of the largest grocery
retailers in Singapore, called FairPrice. FairPrice provided
access to their Application Programming Interfaces (APIs)
for real time stock availability, pricing, and food delivery
by their drivers for confirmed orders. Our store contained
2500 of their most popular food and beverage products,
classified into 23 categories. All product listings included
pictures of the items, product brand, description, prices,
and Nutritional Facts Panel (NFP) information available
via click-through. We have successfully used this store in
seven publications (see https://nusmartbulletin.wordp
ress.com/) with over 2600 participants. In each study, par-
ticipants provided feedback on the shopping experience,
which we then reviewed and incorporated into future
iterations of the store when feasible.

Experimental design and procedure

To evaluate the NG labels, we employed a two-arm
crossover design where participants shopped once on the
following two NUSMart versions in random order (see
Fig. 2). The crossover design allows for a smaller sample
size than a between-subjects design although it may suf-
fer from contamination if learning takes place that influ-
ences subsequent shops. We chose the crossover design
given our limited budget for this effort. Each participant
consented to make two shops 1 week apart. The first shop
for each participant was randomly allocated to either
Control or NG, with the second shop being the other
arm. We imposed this one-week gap and randomization
to minimize carryover effects.

« Control condition: A default NUSMart that mirrored
a conventional web-grocery store in Singapore where
qualifying healthier products displayed the HCS
logos.
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+ NG condition: Similar to Control condition except
that all beverages displayed the appropriate NG label.
Because this label is new to Singaporean shoppers,
prior to this shop participants were required to watch
a video explaining the new label and how it can be
used to improve diet quality.

Participants were asked to purchase weekly groceries
similar to their typical grocery shopping experience,
with a minimum spend of Singapore Dollar (SGD) 50
for each shop. The minimum spend was determined
based on the average weekly household expenditure
on food & non-alcoholic beverages reported in the
2017/18 Singapore Household Expenditure Survey and
by accounting for households with only 1 or 2 mem-
bers and smaller varieties on our store than those
available in FairPrice, our food delivery partner. Given
that the NG labels are displayed on beverages only, we
also required participants to buy at least one beverage
product at each shop. This ensured they were exposed
to the new labels.

Participants were informed that in each of the shops
there was a 50% chance that they would have to pur-
chase their order, which would be determined by
spinning a “Wheel of Purchase” immediately after
checkout. When the “Wheel of Purchase” indicated
that the shop was selected for purchase and delivery,
the corresponding grocery cart was transferred to the
FairPrice webstore where the participant managed
payment and delivery via his/her FairPrice account.
The products were delivered to the participant’s
homes by FairPrice. This approach reduced logisti-
cal challenges while also minimizing biases that come
with hypothetical shopping.

A power calculation revealed that 108 participants were
required to detect a 0.3 standardized effect size difference
in our primary outcome of weighted (by the number of
servings) average grams of sugar per serving, the primary
target of the NG label, assuming a power of 0.8, a sig-
nificance level of 0.05, a correlation of 0.5 in purchases
across two shops, and a 20% attrition rate. The stand-
ardized effect size of 0.3 was applied based on results of
prior labelling studies [23, 27-29] and Cohen’s D Rule
of Thumb that 0.3 is between a small (0.2) and medium
effect size (0.5). Between September and December 2021,
participants were recruited through Facebook and Ins-
tagram advertisements as well as email blasts dissemi-
nated by FairPrice’s marketing team. Eligibility criteria
were Singapore residents aged 21 years or older who were
the primary grocery shoppers in their household and
shopped at least once a week. Additionally, they should
either have an existing FairPrice online account or be
willing to create one for the study.
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Fig. 2 Two versions of NUSMart with example products: (A) control condition and (B) NG condition
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Interested participants were directed to a Participant
Information Sheet (PIS) and consent document. The PIS
form contained the information about the study proce-
dure and requirements but did not disclose the interven-
tion. Once participants consented, they were directed
to a baseline survey collecting demographic and health
information. For the latter, we asked if any of their house-
hold members had been diagnosed with diet-related
health conditions.

Those who completed the baseline survey were rand-
omized by a computer program and officially enrolled
in the study. Participants were then informed by email
and asked to complete two grocery shops 1 week apart.
Weekly reminders were sent for those who did not
complete the required shops. Upon completion of their
second shop, participants were asked to fill in a short
post-study survey asking if they understood/used the NG
label for beverage purchases and were willing to use the
label if it were displayed on food products. Participants
who completed both shops and the surveys received SGD
50 via digital wallet applications for their participation.
All procedures were approved by the National Univer-
sity of Singapore Institutional Review Board (Reference
Code: NUS-IRB-2021-128). The trial was registered on
ClinTrials.gov (Identifier: NCT05018026, Registered on:
24th August 2021) and can be accessed online.

Statistical analysis
Outcome variables
To test the effect of the NG label on beverages purchased
we quantified the weighted (by the number of servings)
average NG score of beverages purchased, after recod-
ing each letter to a number value: A=4, B=3, C=2,
and to D=1. For all foods and beverages, we relied on
the weighted (by the number of servings) average Nutri-
Score (NS) value given that it is a valid measure of overall
diet quality [30-34] and can capture changes in nutri-
tional quality of grocery baskets when shoppers compen-
sate healthier beverages purchased for less healthy foods.
Relying on the British Food Standard Agency Nutrient
Profiling systems [35—37], NS assesses overall diet quality
of each product with a grade between A (healthiest) and
E (least healthy) based on the levels of seven nutritional
components (four negative components: energy, sugar,
sodium, and saturated fat; and three positive compo-
nents: a percentage of fruits and vegetables, protein, and
dietary fiber) per 100g or 100 ml. Similar to the weighted
average NG score, we obtained the weighted average NS
of the grocery baskets after recoding each NS grade to a
numeric value, with NS A=5to E=1.

We also assessed nutritional quality of beverages and
F&B purchased, in terms of each nutritional aspect of
interest. The nutrient-specific outcomes include the

Page 5 of 12

weighted (by the number of servings) average grams of
sugar per serving (primary), average saturated fat per
serving, calories per serving, and total sugar, saturated
fat, and calories of the grocery baskets. Measured per-
serving and total changes allows us to test whether the
label may improve diet quality per serving but increase
total number of servings, nutrients, and calories pur-
chased [22, 38].

Analysis

We employed a linear mixed-effects model that not only

addresses correlations between repeated measures but

accommodates missing data that can result when partici-

pants drop out before study completion [39-41].
Accordingly, our base model was:

Yk = Bo + BINGji + X'y + 6 + i +

where Y, is an outcome variable of interest observed
for participant i in sequence k (k =1 (Control-NG), 2
(NG-Control)) at period j (j =1, 2) and NGy is an indi-
cator that is equal to 1 when participant i in sequence k
shops on the NG store at period j. Accordingly, the con-
stant term /3, represents the mean outcome value in the
control condition while the coefficient 3, represents the
incremental effect on the outcome due to the NG label.
X is a vector of covariates that include age, and dummies
for female, high education level (university degree and
above), high income (monthly household income of SGD
10,000 and above), along with two indicators for health
status; whether the respondent’s BMI is high (i.e., BMI >
25 for overweight or obese) and whether all household
members have no diet-related health conditions, includ-
ing obesity, diabetes, high blood cholesterol, high blood
pressure, heart disease/stroke, gastrointestinal disorders,
and kidney ailments. The covariates were chosen based
on the previous evidence of their association with food
choices [42—45]. The period fixed effect (Qj), a subject-
specific random effect (4,) capturing the variance in out-
comes within individuals and the error term (sijk) were
included.

We first limited the data to beverages and estimated
this model for the weighted average NG score as well as
the nutrient-specific outcomes. Then, using the entire
grocery basket, we ran the identical models but replacing
the weighted average NG with the weighted average NS.
For all analyses, we used a p-value <0.05 to determine the
statistical significance of the coefficients.

Results
Sample
Figure 3 presents an overview of the participant flow
and randomization. Among 389 individuals who filled in
the screener, 158 were eligible, consented to participate
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Assessed for eligibility (n=389)

grocery shoppers for their household and have
FairPrice account or are willing to create one)

(Adults aged 21 years and above who are primary
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Excluded (n=231)
* People who didn’t give consent (n=177)

* Unable to contact (n=41)
¢ Over-quotas (n=6)
« Duplicate (n=7)

Randomized (within subject) (n= 158)

A 4

Arm 1: control-NG (N= 76)

e Completed 2 Shops (n=61)

¢ Completed only 1 shop (n= 3, 3.95%)
* Dropped out* (n=12, 15.79%)

A 4

Arm 2: NG-control (N=82)

¢ Completed 2 Shops (n=71)

¢ Completed only 1 shop (n=4, 4.88%)
* Dropped out* (n=7, 8.54%)

* Participants were unresponsive even before finishing shop 1

Fig. 3 Participant Flow Chart

and were randomized into one of the two sequences
(Control-NG or NG-Control). Of the 158 participants
enrolled, 19 (12%) dropped out before completing the
first shop and 7 (4%) completed only one shop (non-com-
pleters). One participant was excluded for not purchas-
ing a single beverage product in one of the shops. This
left 138 participants with 269 unique shops for analysis,
which were obtained from 131 completers and 7 non-
completers. Our estimating model handled the issue of
missing data for those 7 participants with the assumption
that the data is missing at random. Including or excluding
the non-completers did not change our results.

Table 1 describes the demographics of the sample. The
mean age was 43years (SD=10) with 69% being female.
The sample was generally highly educated with 78%
achieving “University degree or above” The portion of
the participants whose household monthly income was
“Singapore dollar (SGD) 10,000 and over” was 36%. The
majority of the participants (67%) lived in government
housing with three to five rooms. Average BMI was 24
kg/m?* (SD=5) with 38% having a BMI of 25 kg/m® and
over (i.e., overweight/obese), and 34% reported to have
no household member with a diagnosis of the included
diet-related health conditions.

As a whole, the mean grocery spending was 71 SGD
(SD=22). The proportion of beverages selected for pur-
chase was 29% in terms of quantities and 27% in terms
of total spending. Responses to the post-survey questions
revealed that over 95% of the participants understood
the label by correctly matching the NG D label to a soft
drink product, as opposed to a bottled water product,
and 89% responded ‘Yes’ when asked ‘If these labels were
displayed on food products, would you use them to make
your food purchases?

The effects of the Nutri-grade label on diet quality
of beverages purchased
Table 2 presents the results of estimating the base model
for 1) beverage purchasing patterns (weighted average
NG) and 2) nutritional quality of the beverages purchased.
Consistent with our primary hypothesis, the NG label
was effective at increasing purchases of NG A and B bev-
erages, relative to the control condition. The weighted
average NG score was higher by 0.19 [95% CI: 0.068,0.31,
p-value: 0.002] in the NG condition, which was equiva-
lent to a 7% difference compared with the control (2.76).
Although there was a demand shift toward healthier
beverages as defined by the average NG score, the effects
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Table 1 Summary statistics of demographics for full sample
N (%)/ Mean (SD)

Age, Mean (SD) 43.21(9.99)
Gender, N (%)

Female 94 (68.12%)

Male 44 (31.88%)
Education Level, N (%)

Post-secondary & vocational training 20 (14.49%)

Other diploma & professional qualification 12 (8.70%)

University & above 106 (76.81%)
Income Level (monthly in SGD), N (%)

Below $2000 5 (3.62%)

$2000-$5999
$6000-$9999

25 (18.12%)
41 (29.71%)

$10,000 and over 50 (36.23%)

Do not know income 1(0.73%)

Prefer not to say income 16 (11.59%)
Housing type, N (%)

HDB/JTC Flat (3 room) 16 (11.59%)

HDB/JTC Flat (4-5 room) 76 (55.07%)

Condominium/Private Flat 36 (26.09%)

Bungalow/Semi-attached/terrace house 10 (7.25%)
BMI (w eight(kg) / height*(m?)), Mean (SD) 24.29 (4.87)
Household member(s) having medical history, N (%)

Has a health condition 90 (65.22%)

No health condition 48 (34.78%)
Observations 138

HDB (Housing and Development Board): government housing, JTC (Jurong Town Corporation): government housing, SGD Singapore Dollars

were limited to sugar. Compared with the control condi-
tion, sugar purchased from beverages was lower by 1.5g
per serving [95% CI: —2.68, —0.34, p-value: 0.012] in the
NG condition. However, no statistical difference in satu-
rated fat [—0.009g; 95% CI: —0.22,0.20] and calories per
serving [—3.4kcal; 95% CL: —11.9, 5.1] was observed
between conditions. The negative (but not statistically
significant) coefficients on total energy and most nutri-
ents (except for total saturated fat having a positive coef-
ficient) suggest that the NG label did not induce shoppers
to purchase more healthier beverages relative to the con-
trol condition.

Among the covariates, shoppers who reported to have
no diet-related health conditions among their house-
hold members purchased more NG A and B beverages.
By contrast, high BMI shoppers tended to buy more high
sugar beverages. Being older and more educated were
negatively associated with the total calories of the gro-
cery baskets. As an exploratory analysis, we report the
heterogeneous effects by education, income level, and
the two health-status indicators for beverages in Sup-
plementary Table Al in Additional file 1. We found that

shoppers with high income (i.e., SGD 10,000 and above)
had a greater mean reduction in sugar per serving in
response to the NG label (p-value: 0.029).

Given no effect on saturated fat, we conducted an
exploratory analysis to obtain further insight into this
outcome. We classified beverage subcategories into dairy
(e.g., fresh milk, yoghurt drinks) and non-dairy (e.g., fruit
juices, carbonated soft drinks) groups given that satu-
rated fat content is relatively more important among the
former group while sugar is for the latter group. We then
tested whether the average sugar and saturated fat per
serving, and proportion of less healthy (i.e, NG C & D)
beverages (in terms of servings) significantly differed by
condition for each subgroup.

Among dairy products, we found no difference in
sugar per serving between the conditions but slightly
lower saturated fat per serving in the control condition
(»=0.080). Among non-dairy products, both per serving
sugar and saturated fat were lower in the NG condition
although p-values were above the conventional cut-
off of 0.05 (p=0.07 for sugar and p=0.08 for saturated
fat). We further compared the proportions of NG C & D
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Table 2 Regression results showing the effects of Nutri-Grade and other covariates on diet quality: beverages (n =269)

Average NG Sugar (g) per Saturated fat  Calories Total sugar (g) Total saturated  Total calories
serving (g) per serving (kcal) per fat (g)
serving
NG 019" —1517 —0.0092 —342 -218 111 —323
[0.068, 0.31] [—2.68, —0.34] [—0.22,0.20] [—119,509] [—594,158] [—5.19,7.41] [—320.3, 255.6]
Age 0.0023 —0.069 0.0025 —0.28 —441" —030 —296"
[-0.0092,0.014] [-0.17,0.035] [-0.016,0021] [-0.97,041] [-867,—0.14] [-0.76,0.17] [—55.7, —3.43]
Female —0.20" 126 0.031 507 —652 —293 —4274
[—043,0.032] [—0.86,3.37] [—0.34,040] [—893,19.1] [—1516,211]  [—124,655] [—956.9, 102.1]
High edu 0.14 —140 039 068 —111.97 —186 —6760"
[—0.13,041] [—3.86, 1.06] [—0039,082] [—156,170] [—2123,—115] [—12.9,9.20] [—1292.8, —59.3]
High income 0.15 —059 0.05 —251 —138 —0.84 —193
[—0.078, 0.38] [—2.65,1.46) [—031,041] [-162,11.1]  [—980,703] [—10.1,841] [—535.5,497.0]
High BMI —0.24" 263" 0.10 962 865" 0.67 466.2"
[—0.46, —0.0093] [0.58, 4.69] [—0.26,0.46] [—3.99,232] [266,170.3] [—8.54,9.89] [—48.1,980.6]
No health condi-  —037" 325" 027 112 900™ 512 2993
tion [—061,—0.14]  [1.11,539] [—0.10,0.65] [—2.96,255]  [250,1774] [—4.51,14.7] [—237.7,836.3]
Constant 276" 109™ 0.19 666" 5165 342" 35422
[2.09, 343] [4.78,16.9] [—0.87,1.26] [262,107.0]  [268.1,764.9] [6.77,61.5] [2016.5,5067.8]
Period fixed effect  —0.093 0.33 0.14 3.64 547 0.69 173
©) [-022,0030]  [—0.84,1.51] [—0078,035]  [-488,122] [-321,431]  [=561,7.00] [—270.7,305.4]
Ln (0,) —-067" 1517 —-026" 3347 5327 2867 7047
[-0.86,—048]  [1.31,1.71] [—048,—0036] [3.10,3.57] [5.17,548] [2.56,3.15] [6.85, 7.24]

Ln (g,) represents the logarithm of the standard deviation of constant (subject-specific random effect; u);* p<0.1, ** p <0.05, *** p < 0.01

NG Nutri-Grade

beverages between the conditions. While for non-dairy,
the NG condition had a lower proportion of less healthy
beverages than the control (p=0.007), there was no sta-
tistical difference among dairy beverages between the
conditions.

The effects of the Nutri-grade label on diet quality of foods
and beverages purchased

Results from estimating the main model for all F&B are
shown in Table 3. Note that we used the weighted aver-
age NS value to assess the effect of the label on overall
diet quality of the food and beverage products in the gro-
cery baskets. The results for nutrients that are not the
target of the NG label but accounted for in the NS algo-
rithm are reported in Supplementary Table A2 in Addi-
tional file 1. Contrast to the results for beverages only,
none of the outcomes statistically changed in response
to the NG label. These results suggest that the labels did
not encourage increased purchases of other nutrients of
concern either due to compensatory behavior or because
the label focused on only sugar and saturated fat. As for
the covariates, we found shoppers with high BMI and
the indicator of no diet-related health condition among
household were negatively associated with overall diet
quality, measured by the weighted average NS (p-value:

0.013 for High BMI; p-value: 0.035 for No health condi-
tion), which echoes the results for the weighted average
NG and sugar per serving among beverages. Individu-
als with high education attainment purchased less total
sugar (p-value: 0.044).

Discussion

This study assessed the effectiveness of Singapore’s
upcoming FOP beverage label, Nutri-Grade (NG), on
nutritional quality of products purchased using an exper-
imental online grocery store. For beverages, we found
that the weighted (by the number of servings purchased)
average NG score (ranging from 1 (D) to 4 (A)) was 7%
higher in the NG label condition compared to control,
suggesting that the label positively influenced shoppers’
beverage purchasing patterns. This increase appears to
be driven entirely due to sugar reduction. The NG label
reduced per serving sugar purchased by 1.5g (equivalent
to about 2.9 g of sugar/330 ml can). The sugar reduction is
small but could have a meaningful effect over time given
that Singaporeans consume an average of 33g of sugar
from beverages daily [14, 46]. Our findings about the
NG label’s effectiveness are consistent with the evidence
on the impact of color-coded graded labels [20, 21, 47].
Although in the FOP labelling literature nutrient-specific
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Table 3 Regression results showing the effects of Nutri-Grade and other covariates on diet quality: foods and beverages (n=269)

Average NS Sugar (g) per Saturated Calories (kcal) Total sugar (g)  Total saturated Total calories
serving fat (g) per per serving fat (g)
serving

NG —0.024 033 —0.043 239 —6038 —346 —4196

[—0.13,0080]  [—0.73,140] [—042,033]  [—17.9,226] [—4410,3194]  [—1265,57.2] [—4091.6,3252.5]
Age 0.0022 —0.0027 0.0087 133" 503 543 3118

[—0.0092,0.013] [-0.078,0.073]  [—0.016,0.033] [—0.042,2.71] [—29.5,39.6] [—2.84,13.7] [—188,6424]
Female —0.15 0.46 0.14 5.6 1854 85.0 2084.2

[—0.38,0.082]  [—1.07,2.00] [-035,064]  [—226,33.1] [—514.8,8856]  [—826,252.5] [—46129,8781.3]
High edu 0.21 —0.56 027 316 —8386" —445 —1846.1

[-0.057,048]  [-2.35,1.23] [-031,085]  [-097,64.1] [—1654.2, —23.1] [—239.7,1507]  [—9647.0,59548]
High income 0019 —039 —0.15 -31.7" 4794 613 —3726

[—0.20, 0.24] [—1.88,1.11] [-063,033]  [-588,—447]  [—2033,1162.1] [—=1020,2247] [—6901.8,6156.7]
High BMI —028" 0.25 031 —835 2215 438 34758

[—0.50, —0.058] [—1.24,1.74] [—0.17,080]  [—35.5,188] [—4587,901.7]  [—1190,2066]  [—3030.3,9981.9]
No health condi- —0.25" 0.88 0.14 —803 162.0 854 1169.0
tion [—048, —0018] [—0.68,244] [—037,064]  [—364,203] [—5481,872.2] [—1614,1785]  [—5623.5,7961.6]
Constant 275" 9.14™ 130 66.2 1948.1" 1220 95320

[2.09, 341] [4.70,13.6] [—0.14,274]  [—144,1469] [-694,39656]  [—3608,6048] [—97656,

28,829.5]

Period fixed 016" —087 —0.048 6.72 —1914 —430 —621.7
effect (6) [0.051,0.26] [—1.94,0.20] [—042,033]  [—13.6,27.0] [—571.8,189.1]  [—1349,489] [—4296.0, 3052.5]
Ln (o) —062" 098" —031 3817 7337 5897 958"

[—0.78, —046]  [0.65,1.31] [—0.79,017]  [3.42,4.20] [7.13,7.52] [5.69, 6.09] [9.38,9.78]

Ln (0,) represents the logarithm of the standard deviation of constant (subject-specific random effect; y;);* p <0.1, ** p <0.05, *** p <0.01

NG Nutri-Grade, NS Nutri-Score

outcomes were less commonly measured than purchas-
ing intentions and behavior, the NG’s effect on sugar
reduction from beverages purchased is slightly larger
than the average effect size of other FOP labels on sugar
reduction (0.33g per 100g for beverages) reported by a
review article [47]. Given the heterogeneity in sample and
study designs, however, the direct comparisons should be
made with caution.

The NG label was not effective at reducing saturated
fat (g) purchased from beverages, despite it being a tar-
get nutrient of the NG algorithm. There are several pos-
sible explanations for this result. First, the underlying NG
algorithm largely focuses on sugar. Beverages with high
sugar content receive NG C or D grades even if they are
low in saturated fat. This means that consumers switch-
ing out of these beverages toward healthier products
could actually increase saturated fat intake, whereas the
converse is not true. Second, most beverages purchased
in our study and in reality do not contain saturated fat, or
contain only modest quantities, thus the ability to influ-
ence this nutrient through labelling policy is limited.
Finally, beverages containing saturated fat such as milk
could be perceived as less discretionary [48], therefore
they may be less willing to give up these purchases due to

new information on their health content. Future studies
could further explore these hypotheses.

When expanded to the entire shopping basket, we
found no difference in overall diet quality. This likely
results because beverages only accounted for a small pro-
portion of products purchased and we found no evidence
that healthier beverage purchases led consumers to sub-
stitute toward less healthy foods. Regardless, the fact that
the label did not influence overall diet quality reveals the
limits of a label focusing on beverages only. Given Singa-
pore’s goal to reduce the incidence of diabetes and other
NCDs, these results suggest that additional policies will
be needed.

Singapore has long applied the Healthier Choice Sym-
bol (HCS) logo on packaged food and beverage products.
However, the effectiveness of this and other positive FOP
labels have been questioned, largely because they do not
help to identify the least healthy products, which are
highest in sugar and calories [23]. HCS also includes mul-
tiple claims for different nutrients, which could confuse
consumers [22, 39]. This confusion may only get worse
with the addition of NG. As a result, it may be appropri-
ate to implement a unifying NG or NS-type label for all
foods and beverages. This statement is bolstered by the
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fact that 89% of the participants in this study stated that
they would use an NG type label if it were displayed on
food products and that prior experimental research has
already shown NS to be effective at improving diet qual-
ity of the shopping basket among shoppers in Singapore
[18].

Limitations

This study has many strengths, including tak-
ing advantage of a fully functional online grocery
store integrated into a commercial retailer that ena-
bled seamless payment and delivery of a subset of
purchases. However, it is not without limitations.
Although we included a one-week washout period
between shops and randomized the order of the con-
ditions, we cannot rule out the possibility that these
eliminated all possible carryover effects from one
shop to another. A supplemental analysis that tested
for ordering effect (see Supplementary Table A3 in
Additional file 1) cannot reject the null hypothesis of
no carryover effects, but we may not have sufficient
power for such a test. However, if such effects existed,
it most likely would have biased the results in favor of
the Control, as shoppers may have remembered the
NG scores in subsequent shops. This suggests our
results may be conservative. Second, it was limited
to an experimental grocery store setting which may
not match actual shopping behavior over repeated
shops. It was also limited to pre-packed products only,
yet 20% of beverage consumption among Singapore-
ans is from freshly-prepared products [46]. Although
online grocery shopping has become increasingly
popular as a result of the Covid-19 pandemic [49, 50],
we acknowledge that our sample disproportionally
consisted of higher income populations and hence,
the study results may not generalize to the general
population. Finally, this study focused only on con-
sumer responses to the label, however, suppliers too
may respond. This could be through reformulation or
price changes that could also influence diet quality,
albeit in unknown directions. Future studies using real
purchase data after label implementation will provide
insight into the long-run effects of the label. Despite
these shortcomings, our findings provide insights
about the likely effectiveness of the upcoming Singa-
pore beverage label.

Conclusions

In conclusion, results suggest that the Nutri-Grade label
is likely to reduce sugar purchased from beverages. How-
ever, to improve overall diet quality in Singapore, addi-
tional measures will be needed.
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